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The  Right  Honourable  the 

LORD  BURLINGTON. 

Mr  LORD, 

THE  original  philofophical  writings  of 
the  Honourable  Mr.  Boyle , are  a trea- 
fure  worthy  the  cabinets  of  princes  j and, 
perhaps,  the  moft  valuable  prefent  of  that 
kind  the  world  ever  received.  If  my  fuccefs 
in  abridging  them  be  anfwerable  to  my  wilhes, 
and  the  pains  bellowed  in  the  attempt,  I pre- 
fume theywillnot,in  this  form,  dilhonour  their 
noble  author  5 nor  prove  unworthy  the  coun- 
tenance and  acceptance  of  your  Lordlhip. 
At  leaft  I perfuade  my  felf  it  were  injurious 
not  to  addrefs  the  work  to  the  noble  family 
of  the  Boyles , whereto  the  ties  of  nature,  as 
well  as  affinity  of  genius,  talle,  and  other 
qualifications  ffiared  in  common  with  the 
great  author,  dire&  me. 


May 


The  DEDICATION. 

May  it,  therefore,  pleafe  your  Lordlhip, 
to  permit  this  firft  Volume  of  the  Abridgment 
to  bear  your  Lordlhip’s  name  ; whereby  frefli 
honour  will  be  derived  to  the  noble  author  of 
the  originals ; and,  in  return,  your  Lord- 
ihip’s  character  be  fet  in  open  view  ; fince  the 
works  of  Mr.  Boyle  confefs  the  genius,  tafte, 
and  temper  fo  happily  united  in  your  Lord- 
fliip.  * 

I am, 

> ' 1 r.rf  -rt  $•¥  't  ~ 

My  Lord, 


Tour  Eordjhifs  moft  humble , 
mojl  obedient , 


And  moft  devoted  Servant , 


Peter  Shaw. 
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A GENERAL 

PREFACE 

TO  THE 

Abridgment  of  Mr.  BOYLE* s 

Philofophical  WORKS. 

TH  E philofophical  writings  of  Mr.  Boyle  have,  from  their 
firft  appearing  in  public , done  an  honour  to  his  country , 
and  procured  him  a general  efieem  in  the  world ’ The 
novelty i ^ variety , /A?  dignity , tfW  //&*  ufefulnefs  of  the  fe- 
ver a l Jiibje&s  he  treats , w/VA  familiar  manner 

wherein  they  are  handled ',  recommend  his  performances  to  the 
whole  body  of  ?nankind:  Mr . Boyle  accommodates  himfelf  as  well 
to  the  unlearned  and  the  novice , as  to  the  philofopher  and  the 
fcholar  •,  his  whole  fcope  and  defgn  being , with  the  utmoft  can- 
dour and  fimplicity , to  communicate  thofe  numerous  and  impor- 
tant difcov cries,  which  cofl  him  infinite  pains  and  application  to 
make . 

On  the  other  hand,  as  Mr . Boyle  was  the  introducer,  or, 
at  leaf,  the  great  refiorer  of  mechanical  philofophy  among  us, 
Jo,  by  endeavouring  to  deliver  himfelf  in  the  mofl  full  and  cir - 
cumjlantial  manner  about  it,  he  has  Jpun  out  his  works  to  what, 
7iow  that  philofophy  is  more  generally  knew  n,  appears  an  immo- 
Vol.  I.  a derate  . 
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derate  length . His  numerous  pieces  too  being  all  published  occas- 
ionally ^ and  in  a mifcellaneous  manner , ’tis  a matter  of  fome  dif- 
ficulty to  reduce  them  to  an  order  jit  for  a ready  and  commodious 
perufal.  Whence  it  is , that  few  having  been  at  the  pains  to  col - 
left,  methodize , and  regularly  ftudy  his  excellent  writings  as  they 
require , the  value  Jet  upon  them- , though  great  indeed  and  gene- 
ral',  falls  vaftly  port  of  what  they  merit ; proceeding  rather  from 
the  report  of  here  and  there  a diligent  man , than  from  any  per - 
fonaj  and  actual  knowledge , that  the  generality,  even  of  philojophers, 
had  of  them.  But  thoje  who  have  been  moft  converjant  with 
Mr,  Boyle,  agree , that  no  author  dejerves  better  of  mankind , or 
?nerits  to  be  more  generally  read , than  he.  And,  in  order  to 
procure  him  this  general  perufal ',  as  nothing  fecmed  more  condu- 
cive than  to  digefi  and  contraB  his  works,  into  a jujl  and  regu- 
lar abridgment,  I was  requeued  to  attempt  one.  For , notwit  lo- 
ft anding  the  Epitome  of  Mr..  Boulton,  a well  digefed,  and  com- 
pendious collection  of  all  Mr.  Boyle’j  philojophical  writings , has 
been  generally  wip'd  for , and  declared,  by  unexceptionable  judges, 
to  be  greatly  wanting.  ’Twas  the  opinion  of  fuch  that  princi- 
pally determined  me  to  the  undertaking ; and  I Jhall  think  my 
labour  well  befowed,  to  have  acquitted  myjelf  in  it  with  their 
approbation. 

The  depgn  of  an  abridgment,  1 conceive , is  clearly  to  exhibit 
the  whole  fubjlance  of  an  author , without  admitting  any  thing 
fuperfluous . 

How  far  I have  anfwered  this  end,  in  abridging  the  philo - 
fophical  works  of  Mr.  Boyle,  is  not  for  me  to  determine.  It 
will  be  expeCied,  however , that  I give  J'ome  account  of  my  pro - 
ceedure  herein . 

Mr.  Boyle’i  philojophical  writings  appearing  to  be  a mifcel- 
lany  of  ejfays , upon  a great  variety  of  JubjeCls,  it  was  judg'd 
convenient , in  the,,  firft  place,  feverally  to  reduce  them  under  the 
reJpeCiive  general  heads  whereto  they  naturally  belong'd  j whence 
the  Jcope  and  defign  of  each  Jeparate  piece,  might  prejently  become 
conjpicucus  ; and  the  JenJe  and  tendency  of  the  whole,  thus  rang'd,  be 
the  better  judg'd  of. 

A farther  advantage,  I prefumed,  mu  ft  accrue  from  placing 
them  in  fuch  a manner,  that  thofe  which  were  introductory  or 

fundamental, 
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fundamental,  might  Jland  Jirfi , and  prepare  the  way.  for  the  reft ; 
and  that  all  might  naturally  follow , mutually  illujlrate , a?id,  as  much 
as  pojjible , prove , confir?n , /^W  ft?  each  other.  "To  this  end , 

likewife,  it  was  found  abfolutely  neceftary  to  rectify  numerous  dif- 
locations  ; to  bring  all  Addenda  and  infertions  into  their  proper 
places ; and  fo  to  dfpofe  and  marjhal  the  fever al  Jcattered  articles  re- 
lating to  the  fame  JiibjeB,  that  they  fhould  together  tend  to  compofe 
one  regular  whole.  But  as  Mr.  Boyle  never  defigned  to  write  a body 
cf  philo fophy,  only  to  bejlow  occafional  efjdys  on  thoje  fubjedts  whereto 
his  genius  or  inclination  led  him  ; Pis  not  to  be  expected,  that  even 
the  mojl  exquiftte  arrangement , fhould  ever  reduce  them  to  a me- 
thodical and  uniform  Jyftem,  tho  they  afford  abundant  materials for  one . 

In  the  next  place , objerving  that  Mr.  Boyle’j  manner  was , 
ceremonioujly  to  addrejs  particular  pieces  to  particular  perfons  ; 
to  uje  large  preparatory  difcourfes , before  he  entred  upon  his  de- 
jign  \ and  always  to  write  in  a copious , dffujive , and  c ire  inn  ft  anti  al 
file  I determined  to  leave  out  in  the  abridgment  whatever  was 
merely  perfonal , or  had  no  relation  to  the  argument ; and  to  con- 
trail his  words  into  as  fmall  a compa/s  as  appear'd  confiftent  with 
the  perjpicnity  requijite  in  philoj'ophical  writings.  And  / Jhould  be 
forry  that  any  per  Jon,  thoJ  a ft  ranger  to  Mr.  Boyle’s  dij cover  ies, 
or  the  fnodern  philojophy , fhould  not , by  the  proper  application , ful- 
ly underftand  his  doilrine  in  the  abridgment  \ or  not  be  enabled 
by  it  to  go  through  all  his  experiments,  proceftes,  and  operations,  in  the 
very  manner  wherein  himjelf  delivers  them . 

And  becaufe feme  exceptions  have  been  taken  to  Mr.  BoyleV  ori- 
ginals, on  . account  of  the  paffages  that  frequently  occur  in  different 
languages  from  that  wherein  he  wrote , and  the  quaint,  antiquated, 
or  uncouth  exprefftons  he  J'ometimes  ijes  ; it  feemd  convenient  to 
make  him  wholly  Englilh  ; to  throw  out  the  harfher  words  and 
phrajes  ; and Jo  far  to  alter  the  ftyle,  that  it  fhould  not  offend  a 
merely  philojbphtcal  ear  : and  to  do  more,  in  this  rej'pedl,  was  deemed 
an  unneceffary  labour , For,  as  I was  all  along  to  preferve  the  fenje 
of  the  author  pure  from  any  foreign  turn  or  tinBure,  it  Jeemed 
moft  expedient  to  employ  his  very  words,  wherever  they  appeared  con- 
cij'e,  expreffive,  and  unexceptionable. 

And  theje  are  the  views  I had , with  regard  to  the  author,  in 
this  undertaking . 
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Having  now  reduced  Mr . Boyle’*  philofophical  works  under  di - 
fiinB  general  heads , I judg'd  it  would  be  acceptable , if  to  each 
were  prefix'd  fiome  fhort  account  of  the  doBrine  rang'd  wider 
it  ; that  the  reader  might  come  a little  prepared  to  the  con - 


Jideration  thereof . 

And  to  render  this  abridgment  the  more  ufeful  and  fatis- 
faBory , it  was  judged  reqmfite  to  add , £y  way  of  notes , 
fater  dijcoveries  and  improvements  , z?z  principal  fubjeBs 

treated  of  by  Mr.  Boyle.  ’7W*  far  from  my  defign  in  thisr 
to  write  a comment  upon  the  author  ; that  were  a work  for 
fiome  great  mafier  in  natural  and  experimental  knowledge . Con- 

fcious  of  my  own  inabilities , / defigned  no  more  than  to  transfer 
from  the  great  Sir  Ifaac  Newton,  zz/zz/  fiome  few  other  eminent 
find  fuccefsful  enquirers  into  nature , /zzg6  particulars  as  tend- 
ed to  illuftrate , confirm , or  improve , /Ztf  doBrine  and  difcoveries 
of  Mr.  Boyle. 

7^0/  funds  colleBed  from  various  pieces  of  our  author , 
thrown  together  by  way  of  general  preface  to  his  philofophical 
writings , will  render  it  needlefs  for  me  to  enter  into  the  parti- 
cular nature , method , zz/zz/  defign  of  them  ; or  anfwer  the 
objeBions  whereto  they  may  fieem  liable : all  this  is  there  done  by 
the  author  himfelf  in  a manner  fuperior  to  any  I pretend  to . 
I Jhalf  theref  ore , o/z^  °bfirve  farther , zz*  to  my  own  part , that  I 
have , ^ro’  whole  courfe  of  the  work , confulted  the  advantage 
of  the  reader , zz*  well  as  the  reputation  of  Mr.  Boyle. 

’Tz*  zz;z  z^zzzz/  regard  to  both , /Azz/  /?^r^  determines  me  to  dwell 
a little  upon  the  excellencies  of  the  author  ; zzzzz/  advantages 
to  be  reaped  from  a perufial  of  his  works . 

Mr.  Boyle  zz^  his  reader  at  the  elements , or  funda - 

mental  principles  of  things , zz/zz/  exquifite  judgment  conduBs 

him  through  all  the  regions  of  nature , to  furnijh  him  with  ob- 
jeBs , whereon  to  exercife  his  faculties ; zzzzz/,  fe/'/jg-  firfl  follici- 
tous  to  make  him  a general  philofbpherr  leaves  him  prepared  for 
any  farther  enquiry  he  fhall  think  fit  to  make , zzz/o  wor^j  0/ 
nature  or  art. 

"The  befi  and  only  fiolid  foundation  for  philofophy , z*  zY*  zz/£- 
fulnefs  to  mankind  and  the  only  way  to  gain  it  the  reputation 
it  defervesy  mufl  be  to  manifefl  the  great  advantages  that 

attend 
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attend  the  Jludy  thereof \ Mr.  Boyle  has  been  every  where  care - 
ful  to  fhew , that  nothing  can  be  more  ferviceable  and  beneficial 
in  life , than  experimental  philofophy  in  general.  The  Men  of 
wit  and  learning  have , in  all  ages , bn  fed  thcmjelves  in  explain - 
nature  by  words  ; but  it  is  Mr.  Boyle  alone,  who  has  wholly 
laid  himfelf  out  in  /hewing  philofophy  in  action.  The  Jingle  point 
he  perpetually  keeps  in  view , is  to  render  his  reader  not  a 
talkative , or  a fpeculative , but  an  ablual  and  practical  philoj'opher. 
Himfelf  Jets  the  example : he  made  all  the  experiments  he  pojibly 
could  upon  natural  bodies , and  communicates  them  with  all  de- 
firable  candour  and  fidelity. 

He  well  knew , that  experiments  are  the  life  and  Jbul  oj  natu- 
ral knowledge  $ and  that  no  real  improvement  can  therein  be 
made  without  them.  The  framing  of  notions , and  devifing  of 
fc hemes,  may  make  a notional  or  ideal  philojopher  ; but  experi- 
ments alone , or  the  dealing  with  natural  bodies , and  applying  them 
to  each  other , can  make  a real  and  ablual  one . Mr.  Boyle  has 
left  us  Juch  an  ample  catalogue  of  trials , in  all  the  parts  of  na- 
tural philofophy , and  fuch  foundations  for  farther  difcoveries , as 
can  only  be  fully  profecuted  and  applied  by  the  Boyles  and  the 
Newtons  oj  future  ages. 

To  the  want  oj'  proper  experiments,  and  the  tafie  for  read- 
ing and  making  them , mujl  be  attributed  all  our  ignorance  in 
natural  things.  What  light  has  Air.  Boyle  let  into  the  dark 
parts  of  nature , barely  by  means  of  experiments  ! The  foun- 
dation and  mam  fpring  of  his  whole  philofophy,  is  the  obvious 
art  of  experimenting . But  he  was  very  Jar  f rom  devifing 
and  making  experiments , in  order  to  confirm  or  efiablijh  a 
Jyfiem , raijed  without  the  help  of  them  , for  in  that  cafe,  'twas 
his  opinion , the  greatcjl  advantage  is  loft,  which  might  other - 
wife  attend  them.  A.  man  wholly  poffejfed  with  any  one  view 
fees  all  things  in  the  light  of  it ; and  flights  whatever , at  firft 
fight,  appears  to  have  no  tendency  thereto.  Thus  the  ancient, 
and  Jome  modern  chymijls,  intent  and  fixed  upon  the  meliora- 
tion of  metals,  or  tranfinutation,  loft  all  the  benefits  of  that 
infinite  number  of  experiments  they  made , except  what  tended 
to  their  darling  end.  But  if  the  mind  be  kept  entirely  open  and 
df engaged,  every  phenomenon  will  be  obferved.  And  this  was 

Mr. 
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Mr.  Boyle's  manner  of  proceeding.  Nay , after  he  had  gone  the 
greatefi  lengths  he  was  able , he  draws  no  dogmatical  conclufions 
from  his  premifes 3 well  knowings  that  the  great  difcoveries  fill 
remaining  to  be  made , may  happen  to  clafo  with , or  over -turn 
any  fyfietn , that,  for  want  of  light,  might  once  appear  rational 
and  well  founded.  The  generality  of  mankind  are  in  poft-hafle  to 
draw  conclufions , before  they  have  confidered  the  premifes 3 and  ufu - 
ally  determine  off-hand  upon  a fubjecl  : but  Mr.  Boyle,  after  ha- 
ving well  pondered  his  experiments  and  ohfer  vat  ions,  and  view  d 
them  on  all  fides,  with  their  Jeveral  circumflances , is  exceeding 
cautious  in  reafoning  from  them.  He  never  raijes  an  hypothefls 
to  folve  phenomena  3 but  if  the  folution  does  not  of  itjef  grow 
out  of  them,  when  attentively  confidered,  he  leaves  all  as  be  found 
it  3 and  gvaits  for  further  difcoveries  to  inform  him.  This  prac- 
tice, as  it  commands  our  admiration,  on  account  of  its  difficul- 
ty ; fo  it  highly  deferves  to  be  imitated,  on  account  of  its  ufe- 
fulnefs. 

The  bufinefs  of  experimenting  he  refrains  not  to  any  particular 
branch  of  fcience  3 but  applies  it,  in  full  latitude,  to  all  the  ele- 
ments, and  all  the  bodies  they  mix  with,  or  go  to  compofe.  The 
air , earth,  fire,  and  water,  all  are  ferutinized  and  tortured  by 
experiments,  to  confefs  their  natures,  offices,  ufes,  and  the  wifdom 
and  defgn  of  their  creation . ’Tis  by  this  means  that  he  fhews  us 
very  various  and  furprizing  properties  and  effects  of  that  familiar 
fluid,  the  air  or  atmofphere  3 what  numerous  broods  of  effluvia  float 
therein  3 how  different  bodies  are  affeBed  by  it,  according  to  their 
different  difpofitions  3 its  ufes  to  the  vegetable , animal,  and  mineral 
kingdom  3 how,  like  an  immenfe  ocean  of  a general  menflruum, 
it  aBs  varioufly  upon  all  the  bodies  it  furrounds,  as  different  com- 
binations of  effluvia  take  their  turns  therein  3 whence  number lefs, 
unforefeen  diforders  in  the  animal  ceconomy,  and  ten  thoufand  ef- 
feBs  upon  even  inanimate  bodies,  which  to  vulgar  eyes  appear  a- 
ftonifhing  and  unaccountable.  ’ Tis  by  this  means,  that  he  /hews 
and  explains , how  the  vafl  body  of  the  earth  is  continually  fending 
out  her  expirations  into  the  atm-ofphere,  and  feeding  vegetables 
from  her  fuperficial  parts : whiljl  innumerable  operations  and 
chymical  proceffes,  are  carrying  on  in  her  entrails  5 metals 

forming. 


General  Preface. 

forming , fiones  growing,  minerals  mixing , fuming , fubliming , 
firing , exploding , &c,  Fire , that  grand  myfiery  of  nature y he  thus 
brings  us  acquainted  with , whether  folar , fiellar , culinary , fubter - 
raneal,  or  artificial ',  ^ finding  out  its  various  ejf'eCls  and  opera - 
//ww  upon  bodies  expo  fed  to  it ; and  Jhews  us , that  by  rarefying  their 
parts , mixing  with  them , lodging  itf'elf  therein , altering  their 
texture , increafing  their  gravity , giving  new  modifications  to 
the  matter  oj  them , /V  produces  ten  thoujand  varieties , all 

qualities  and  operations  in  natural  bodies . The  element  of  water 
he  examines  in  like  manner , de /bribing  its  properties , effects,  and 
the  various  forms  it  may  ajfitme,  in  all  the  different  places , <2* 
the  airy  the  earthy  and  even  in  confifient , the  hai'deft  of  bo- 

dies, wherein  ftis  found ; tracing  it  from  the  clouds  and  rivers, 
to  the  deepeft  feas,  whofe  productions  and  concealed  treajures,  he, 
by  experiment,  lays  open . He  traces  animals  of  all  kinds,  from 
their  firfi  Jcnfible  magnitude,  to  their  full  growth ; and  applies  his 
experiments  to  them  in  every  ft  age  5 whereby  he  jhews  us  the  firfi 
beginnings  and  increaje  of  life  the  ways  whereby  it  may  be  re- 
Jlored,  after  it  feems  wholly  to  have  left  the  body ; that  all  liv- 
ing creatures  are  aClual  machines,  Jb  wifely  contrived  and  jet 
together , that  their  parts  ferve  various  purpojes  at  once,  with- 
out interfering  with  one  another  • that  the  loft  of  limbs  in 
animals,  is  not  abjolutely  irreparable  ; that  ?nay  long  fur - 

hearts  and  heads,  and  even  propagate 
their  fpecies  without  them . 7/2  vegetable  kingdom,  he  Jhews 

us  the  rije  and  increaje  of  trees  and  plants  from  water ; the 
means  of  forwarding  their  growth,  and  making  them  fruit- 
ful ; with  the  ways  oj'  preparing,  improving,  and  preferving 
their  produCls,  and  the  various  liquors  they  may  be  brought  to 
afford.  And  in  the  mineral  kingdom,  he  inftruBs  us  how  all  ftony, 
metalline,  and  terrefirial  bodies  are  form'd,  grow , and  ripen  5 
jhews  us  the  fieps  that  nature  takes , in  the  J'everal  procefj'es  for 
their  preparation ; from  what  original  matter  they  all  fpring ; 
how  gems  ajjimilate concrete,  and  harden ; whence  metals, 
of  all  kinds , whence  the  ruby  flames , the  diamond  jpar - 
kies,  and  gold  obtains  its  lovely  qualities . In  floor t , he  thus 
leads  his  reader  thro  all  the  elements,,  and  ail.  the  kingdoms  in 
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nature ; fets  to  view  and  examines  the  fever al  combinations , 
f creatures,  and  productions  of  them  3 their  properties,  powers , 

; virtues , ufes,  ways  of  working.  See.  and  this  in  the  moft  in- 
ftruCling  and  entertaining  manner . He  J hews  us  that  we  in- 
habit a much  wifer,  and  better  regulated,  a more  aCtive  and 
inflru Clive  world,  than  is  generally  Juppofed ; he  makes  us  obferve, 
that  all  the  bodies  around  us  are  inceffantly  j in  aClion,  and  their 
parts  in  conftant  motion  ; that  nature  is  perpetually  carrying  gh 
her  own  grand  Jch ernes  and  defigns,  whether  we  regard  them  or  not 3 
that  even  our  own  bodies  are,  every  moment , aCled  upon,  affeCled, 
alter  d,  and  reflored,  by  a vaft  variety  of  agents,  which  we  little 
dream  of  He  does  not  barely  amufe  us  with  notions  and  fpecu - 
l at  ions,  but  lays  before  us,  and  makes  us  fee  the  important 
works  of  nature,  wherein  our j elves,  and  all  we  p off  eft , are  near- 
ly inter  ejled  and  concern  d.  Mr.  Boyle  calls  out  a thou  [and  latent 
qualities  in  the  air  ; a thoufand  ufeful  fubfances  jrom  the  bowels  of 
the  earth,  and  the  depth  oj  the  Jea.  He  greatly  opens  and  dilates 
the  mind  3 gives  us  noble  and  generous  thoughts  of  nature,  and  of 
our  own  abilities 3 manifefs  that  even  dejperate  things  may  be 
attempted  with  fuccefs  3 and  Jhews  no  quarter  to  the  lazy,  indolent 
temper  of  thofe , who,  from  Jh allow  notions,  and  a want  of  hav- 
ing feen  the  powers  in  natural  bodies  are  for  difeour  aging  all  new 
and  grand  undertakings  3 and  uniting  the  knowledge  of  the  phi - 
lojopher,  with  all  the  freedom  and  addrefs  of  the  gentleman  3 he 
renders  the  mojl  daring  projects  promifing  and  advantagious. 
He  will  never  allow  us  to  conjider  the  world  as  a rude  heap  of 
dull,  inactive  matter  3 but  convinces  us,  that  it  is  a grand 
and  noble  machine,  continually  actuated,  inform  d,  and  govern- 
ed by  a moft  wife  and  beneficent  Being,  who  keeps  all  the  parts 
thereof  in  motion,  and  makes  them  aCt  upon  one  another,  accor- 
ding to  certain  laws  3 then  bringing  us  acquainted  with  thefe 
laws,  he  enables  us  to  make  ufe  of  the fame  ftratagems  and  contrivances , 
which  nature  he? Jelf  employs  ; which , purely,  are  capable  of  per- 
forming the  great  eft  things , when  rightly  applied  3 that  is,  when 
applied  as  Mr,  Boyle,  by  his  own  example  and  experience, 
direCis  us.  But  he  fbews  alfo,  that  in  order  to  make  the  moft 
advantagious  ufe  of  theje  powers,  a general  knowledge  of  nature 
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is  required.  Without  large  and  comprehenfive  views ; without 
being  well  verjed  in  mechanical  arts,  and  the  feveral  branches  oj 
natural  knowledge , Jo  as  to  make  one  afjifling  to  another , and  all, 
in  their  turn,  confpire  to  the  fame  end,  Mr.  Boyle  encourages  no 
man  to  be  a projector. 

He  is  particularly  cautious  to  guard  his  reader  againfi 
every  operation,  that  might  any  way  prove  dangerous  or  hurt- 
ful ; and  to  prevent  his  impofing  upon  himjelf  by  any  Juperfi - 
cial  objervation , any  fallacious  or  contingent  experiment,  whe- 
ther made  in  his  own  perj'on,  or  delivered  by  others.  So  much 
the  more  ajfl idling  is  it  to  find,  that  he  Jhould  himjelf  be  charged 
with  having  attributed  too  much  to  the  power  of  nature  and 
art ',  and  to  have  eafily  credited  uncertain  accounts  oj'  things 
uncommon  and  extraordinary.  In  this  particular  I beg  leave 
to  diffent  from  the  general  opinion  which  has  crept  abroad  oj' 
Mr.  Boyle.  From  an  attentive  perufal  of  his  admirable  wri- 
tings, I mufi,  in  jufiice  to  his  memory,  declare , that  in  gene- 
ral, no  author  appears  to  have  been  more  inquifitive  into  the 
foundations  and  evidence  of  the  narratives  he  receives  from  others  s 
or  to  have  Jhewn  greater  Jagacity  and  indufiry  in  difcovering 
their  weak  fides ; always  frankly  propofing  them , as  he  re- 
ceived them,  to  be  confirmed  or  overthrown , by  farther  fearch, 
and  future  diligence.  And  for  proof  of  this,  I appeal  to  the 
manner  wherein  he  delivers  himjelf  upon  what  are,  or  were 
efieemed  the  moft  exceptionable  things  in  his  writings : the 
Jpecific  virtue  of  the  Peruvian  bark,  rue-leaved  whitlow  grafs, 
Ens  Veneris,  Ofteocolla,  the  Ens  Primum  of  baulm,  Butler's 
fione,  the  fympathetic  powder,  the  weapon  falve,  the  alkahefl 
oj  ParrCelfus,  the  virgula  divina,  the  tranfinutation  of  metals , 
projection,  or  the  philojophers  [lone,  &c.  and  define  he  may 
herein  be  compared  with  the  mofl  approved  and  judicious 
authors,  who  have  treated  of  the  virtues  of  remedies,  the 
fecrefs  in  chymifiry,  and  the  powers  of  nature.  No  doubt 
Mr.  Boyle  may  appear  to  give  more  into  the  belief  of  Jo  me  ex- 
traordinary things  than  the  vulgar,  or  perfons  unacquainted 
with  experimental  philofophy , and  the  immenfe  powers  and 
firange  operations  oj  nature  and  art  -,  but  the  qnefiion  is,  whe- 
ther he  has  here  gone  farther  than  his  evidence  carried  him. 

Vol.  I.  b He 


x General  Preface. 

He  alfo  relates , upon  his  own  knowledge , many  things  very 
aflontjhing  and  incredible , to  minds  unprepared , 3y  philojophy , 
to  entertain  them.  But  Mr.  Boyle  was  Jo  happy , to  have 

Jeen , with  his  own  eyes , much  more  of  the  powers  of  nature 
and  art , c<2;z  eaflly  be  imagined.  If  we  confder  the 

numerous  phenomena , which , zzz  <2  wry  long  Jeries  of  years , 
z/ywz  natural  enquiries y mojl  of  them  JucceJsful , muf  have 
been  prefented  him y ^y  the  procefjes  of  his  laboratory , A ex- 
periments  of  his  pneumatic  engine , /6/j  mechanical , opticaly 

by  dr  of  at  i cal , <2;?^  all  other  kinds  -of  trials  $ the  correfpondence 
he  happily  cultivated  with  the  whole  learned  world , tfW  par- 
ticularly with  the  chymijls  of  all  nations  \ the  various  Jecrets 
he  purpofely  kept  to  exchange  for  theirs ; tf/z;/  confant 
praBice  he  made  of  doing  this  ; we  fhall  fee  reajbn  enough  to 
perjuade  usy  that  he  might  well  be  enabled  to  deliver  things 
that  fhould  Jound  oddy  flrangey  and  Jhocking  to  vulgar  ears, 
fo  render  the  mof  innocent  fluids  pofonous,  without  altering 
their  colour , tafley  Jmelly  or  any  obvious  quality  \ utterly  to  eraje 
the  hand-writing  in  a Jheet  of  paper  or  parchment , without 
at  all  unfitting  either  for  ink  y to  make  a baje  metal  pafs 
even  upon  goldJ'mithsy  for  gold  not  to  mention  the  more  fur- 
prizing  and  flocking  experiments  of  the  like  flamp ; are  things 
that  can  hardly  be  thought  poflibley  or  practicable  by  the  vulgar ; 
yet  fome  chymical  philofophers  could  perform  them  with  eafe. 
But  there  are  Jome  philofophers , and  even  chymijls , whoy  if 
you  floould  tell  them  that  Mr.  Boyle  had  a certain  liquory 
wherewith  he  could  convert  gold  into  filver  ; they  would  beg 
to  be  excufed  believing  fo  ftrange  a thing  : and  why?  but  be - 
caufe  they  never  Jaw  the  like  perform'd ; and  had  tied  themfelves 
down  to  a narrow  fir  ait-lac  d philofophyy  that  would  not  fluff er 
them  to  look  abroady  into  what  nature  and  art  can  produce . 
But  if  Mr.  Boyle  has  actually  done  the  thing ; and  others , men 
of  veracity , have  afiured  him  they  had  done  it  too  5 is  he  cre- 
dulous for  believing  it  ? BhoJ'e  rather  were  J'oy  who , without  fuffi- 
cient  evidencey  rajhly  concluded  the  thing  impracticable. 

Since  Mr.  Boyle  aflures  usy  and  gives  us  fufficient  grounds  to 
believey  that  he  has  rendered  filver , goldy  fixed  alkaliesy  & c. 
volatile  \ converted  acids  into  alkalies  \ produced  light  from  a 
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defpicable  dark  fubjlance  ; immediately  reftored fetid , and  corrupted 
water , by  precipitating  from  it  a fubjlance  not  fetid  ; dijfolved 
the  bar  deft  bodies  by  innocent  and  potable  liquors , without 
heat  \ produced  cold  by  a mixture  of  warm  bodies  ; heat  by 
a mixture  of  cold  ones ; warmd  cold  liquors  by  ice  ; in- 
ftantly  froze  fpirit  of  wine ; converted  that  Jpirit  into  water  , 
water  and  fixed  alkalies  into  earth ; and  performed  numberlefs 
other  furprizing  things , that  appear  as  fo  many  contradictions 
among  the  unfkilful  ; may  he  noty  with  good  reajbn , Jpeak  oj 
them  as  feafible,  and  proper  to  be  tried  by  others  ? or  may  he 
not , upon  the  firength  of  human  teflimony  5 upon  the  relation  of 
his  friends  and  acquaintance , believe  that  other  men  have 
done  the  Janie , or  even  greater  things  than  theje ; tho'  himjelf 
was  not  an  eye-witnejs  of  them  ? If]  after  having  made  his 
liquid  phofphorus  in  England,  he  fhould  be  a (fared  that  another 
chymifi  had  made  a folid  one  in  Germany  ; if  after  having 
invented  his  air-pump,  he  Jhould  have  heard,  that  many 
unfuJpeCled  difeoveries  were  made  by  means  of  it ; if  having 
converted  gold  into  filver,  eye-witnejfes  fijould  inform  him,  that 
filver  has  been  converted  into  gold ; or  if  having  himjelf  pre- 
pared a menftruum,  almofi  as  ftrange  as  the  alkahefi ; could 
he  be  reproached  with  credulity , for  believing , that  Paracelfus 
or  Helmont,  might  pojfibly  pofejs  it  in  greater  perfection  ; or 
that  the  other  things  were  done  by  others  ? This,  Jurely , is  not 
unphilofophical ] or  irrational . Mr,  Boyle  was  too  wife  to  Jet 
any  bounds  to  nature ; he  was  not  forward  to  fay , that  e^oery 
firange  thing  mufi  needs  be  imfojfible , becaufe  he  Jaw  ftrange 
things  every  day ; tho  he  always  acknowledges , and  it  was  a 
common  faying  with  him , that  “ thofe  who  had  Jeen  them , 
<c  might  better  believe  them , than  thqj'e  who  had  not l*  He 
modejlly  thought , that  all  we  have  to  do  is,  to  keep  our  eyes 
open,  and  expect  what  nature  and  art  will,  upon  due  appli- 
cation, pei form . He  was  well  aware,  that  there  are  power- 
ful agents  in  the  world,  whofe  laws,  and  manner  of  atfing,  we 
want  to  be  acquainted  with . A man  of  a different  caft,  or  an 
ignorant  Indian,  who  had  never  look'd  abroad,  and  jeen  the 
common  phenomena , would  Jcarce  credit  the  moft  faithful  and 
exalt  relation  that  could  pojfibly  be  made  him , of  the  properties 
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and  effects  of  the  load- ft  one,  or  of  gun-powder , by  perfons  of 
the  great  eft  veracity . But  his  ignorance  alone  is  the  caufe  of 
this  incredulity . Propoje  the  Jame  things  to  a man  who  never 
heard  of  gun-powder , or  the  load-fone , but  is  other  wife  a 
general  philofopher  ; and  he  will  readily  and  thankfully  yield 
his  affent , and  Jollicit  you  to  few  him  the  experiments. 
This  we  may  certainly  depend  upon , what  Mr.  Boyle  delivers 
as  an  experiment  or  objervation  of  his  own , is  related  in  the 
precife  manner  wherein  it  appeared  to  him  : no  one  ever  yet 
denf  d , that  he  was  a man  of  punctual  veracity.  And  what  he 
delivers  as  received  from  other  hands , if  it  be  any  thing  ex- 
traordinary, the  reader  will  find  that  he  does  it  with  a 
manifefi  diffidence , and  in  a quite  different  manner  from  that 
wherein  he  gives  us  faSs  upon  his  own  knowledge  ; and  never 
entertains  it  for  truth , without  producing  J'omething  analogous 
'Or  parallel,  to  countenance  it,  from  his  own  obfervations  or  ex- 
periencealways  referving  to  himjelf  the  full  liberty  of  believ- 
ing no  more  than  he  fees  reafon  for.  And  what  can  a man 
do  more  than  this , to  avoid  the  imputation  of  credulity  ? On 
the  contrary,  do  not  thofe  who , without  evidence,  and  merely 
from  common  report,  believe  Mr.  Boyle  to  have  been  credulous , 
give  us  a remarkable  inftance  of  their  own  credulity  ? Where - 
ever  our  author  believes  more  than  other  men , it  is  becaufe  he 
had  more  reafon  for  it  than  they . ,cfis  the  general  way , 
indeed,  when  a ftrange  thing  is  related,  either  pofitively  to  deny 
it  as  impoffible,  or  directly  to  entertain  it  as  a truth . This  is 
making  fort  work  of  it.  But  Mr.  Boyle  poffeffed , in  a great 
degree,  that  noble  faculty  of Jufp  ending  his  judgment till,  by  all 
the  inquiries  he  could  any  way  make,  he  received fuller  informa- 
tion ',  and  then  the  thing  he  foimd  would  determine  it  Jeff. 

Thus  much , I hope,  may  jufiify  my  faying,  'tis  with  exquifite 
judgment  that  Mr.  Boyle  conducts  his  reader  throy  all  the 
regions  of  nature.  I prefume,  it  will  appear  too,  that  begin- 
ning at  the  fundamental  principles  of  things,  he  at  length  leaves 
him  qualified  to  purjue  any  enquiry  hejhall  think  fit  to  go  upon . 

'Tis  impoffible  in  a fin  all  compafs,  to  particularize  all  the 
difeoveries  which  Mr.  Boyle  has  made  in  the  Jeveral  branches 
of  natural  knowledge  nothing  lefs  than  the  abridgment  it  Jeff 
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can  fuffice  for  this  purpofe  : and  there  the  reader  will  find 
him/ elf  enrich'd  with  new  notions , new  fenfations , new  re- 
flexions ; not  a produB  of  nature,  not  a Jingle  plant , animal 
or  mineral , no  7iot  a part  of  them , but  may  contribute  to  our 
delight , infiruBion , and  advantage . 

Mr.  Boyle  altogether  taken  up  with  the  objeBs  around  us, 
and  of  which  we  are , or  may  be  put  in  pofefion  > tho  we  remain 
ignorant  of  their  properties , virtues , and  uj'es , till  he  calls 
them  out , Jets  them  before  us,  and  fur  prizes  with  a fight  of 
our  own  ignorance  of  things  Jo  near  us,  fo  momentous  in  them - 
Jelves , and  fo  neceffary  to  our  well  being , and  the  true  enjoyment 
of  life . /j  no  profejfion  or  condition  of  men , but  may  be 

benefited  by  the  dlfcoveries  of  our  author.  As  he  had  a won- 
derful comprehenfive  genius  himfelf  he  has  improved  every  part 
of  natural  knowledge  ; world  is  more  obliged  to  this 

Jingle  man,  than  to  a thoufand  vulgar  philojophers  taken  toge- 
ther. yTis  certain , that  he  laid  the  foundations  oj  almofl  all 
the  improvements  which  have  been  made  fince  his  time , in  na- 
tural philofophy  ; and  aBually  himjelf  performed  abundance  of 
tkoje  very  things , and , perhaps , zzz  zzzzzcZ?  manner  too , 

whereby  J ever  al  famous  men  have  gained  a reputation,  in  put- 
ting them  off' for  their  own  dijcoveries.  A very  fine  collect  ion 
of  ujeful  knowledge , publifhed  as  the  works  of  a foreign  fociety , 
remarkable  teflimony  to  this  truth.  The  mechanic , 

/Z>£  merchant,  the  fcholar,  the  gentleman,  all  are  benefited  by 
Mr.  Boyle.  He  Jhews  us  trades  in  a new  light , and  makes 
them,  mohat  they  really  are,  a part  of  natural  philofophy  $ and, 
confidering  them  accordingly,  reveals  J'ome  of  their  myfieries  ; all 
along  advancing  proper  means  to  encourage,  promote,  and 
multiply  the  arts  themjelves . The  goldj'mith,  the  lapidary,  the 
jeweller,  the  refiner , the  flone-cutter,  the  dyer,  the  glajs- maker , 
artizans  of  all  kinds,  will  from  him  receive  the  befl  informa- 
tions, as  to  the  working,  managing,  and  employing  to  advantage 
their  various  commodities,  materials , engines,  and  inftruments . 

The  hujbandman  and  the  diver  are  here  infiruBed  in  their 
arts  ; and  the  miner alifi,  the  miner,  and  aJJ'ayer,  to  find  and 
feparate  their  ore  to  the  gr  e at  eft  profit  5 to  encreaje  the  quantity, 
to  meliorate,  improve,  and  enrich  their  metals  *,  to  purify  and 
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fine  them , and  accurately  to  dijlinguijh  the  genuine  and  pure, 
jrom  the  adulterate , bafe , or  counterfeit . The  architect  and 
builder  are  Jhe<wn  how  to  chufe  the  bejl  materials  for  their 
feveral  purpofes  ; painter  to  make , to  mix  and  improve 
his  colours  , no  part  of  mankind  is  neglected  by  Mr.  Boyle. 
But  he  Jhews  a more  particular  regard  to  thofe  profefions , 
wherein  the  health  of  the  fpecies  is  nearly  concern'd.  The  phy- 
fician , the  anatomijl , apothecary , the  chymijl , 

mojl  highly  indebted  to  Mr.  Boyle.  has  confidered  and  im- 
proved the  art  of  medicine  in  all  its  branches.  W e owe  to  him 
the  bejl  ways  we  have  of  diflinguifhing  genuine  drugs  prom 
adulterate  \ the  difcovery  and  preparation  of  feveral  valuable 
medicines  ; with  the  manner  of  applying  abundance  to  good  ad- 
vantage. He  has  fhewed  us  the  way  wherein  fpecifics  may  aCl  ; 
how  to  judge  of  the  wholefomenefs  and  unwholfomnefs  of  the  air , 
of  water , and  of  places  and  how  to  examine , and  make  choice 
of  mineral  Jprings.  In  a word ’ there  is  Jcarce  an  art , or 
natural  production  known , but  he  makes  fome  ufeful  difcovery  or 
improvement  in  it. 

Then  for  his  temper , it  was  mojl  open , candid , generous , 
communicative . He  endeavours  to  make  all  the  things  he 
treats  of  plain , eafy , familiar . There  is  no  deep  know- 

ledge in  mathematics , or  algebra , previoufly  requifite  to  under- 
ftand  him  fully  : no  tedious  J'yfiems  need  be  read ’ to  prepare  us 
for  reaping  all  the  advantages  of  our  author  s philofophy.  He 
brings  us  at  an  eafy  rate  acquainted  with  the  mojl  ufeful  things 
in  nature ; /Z/j  tf//  the  world  agrees  to  be  the  highejl 

excellence  in  a philofophical  writer . The  Memory  of  Mr.  Boyle 
will  be  dear  to  pofierity,  whiljl  that  of  myjlical  and  enigmatical 
writers , Juch  as  Jiudy  to  make  things  difficulty  and  envy  mankind 
their  knowledge , fhall  meet  with  the  difregard  and  contempt  they 
deferve . What  principally  recommends  our  author , and  diftin - 
guifkes  him  from  the  vulgar  herds  of'  chymifls,  naturalijls , 
and  philofopherSy  is  this  humane  temper , this  open , candid \ gene- 
rous,, and  beneficent  difpofition . He  was  at  immenje  pains  and 
charge , in  making  his  enquiries,  he  fpared  no  time , no  money , 
no  diligence , purfuing  dif cover ies  for  the  public  advantage  j 

without  any  fordid  view  to  encreafe  his  own  fortune , which  he 
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happily  thought  fufficient  of  itfelf  His  beneficent  and  public 
fpirit  made  the  world  a generous  prefent  of  all  the  fruits  of  his 
labour s,  without  the  leaf  expectation  of  reward  from  them. 
His  foul  was  as  great  and  noble , as  his  genius  was  comprehenflve , 
or  his  invention  fruitful  And  what  Jhews  him  in  the  mofl 
amiable  point  of  light,  he  was  far  above  the  felfjh  plea - 
fure,  of  being  admired  for  a genius , or  raifing  a reputation 
by  his  difcoveries . Tho  he  wanted  no  capacity , or  abilities , to 
have  work'd  up  a glorious  fyjlem , and  ereCled  a more  pompous , 
oflentatious,  and,  perhaps , a more  durable  firuCture  of  natural 
or  chymical  philojophy,  than  had  ever  appeared  in  the  world  be- 
fore ) he  nobly  defpi/ed  this  poor  fatisfaClion,  and  mean  gratifica- 
tion 5 telling  us  plainly  and  exprefly , that,  notwithfianding  all 
he  had  done,  all  the  labour , pains , and  expence,  beflowed  in  a life 
of  natural  enquiries  ; notwithfianding  the  vafily  numerous  and 
important  obfervations  and  difcoveries  he  made,  he  frankly 
and  ingenuoufly  owns , that  he  Jaw  nothing  but  the  firfi  dawn - 
ings  of  fcience  $ has  drawn  only  the  rudiments  of  natural 
knowledge  and  leaves  it  in  charge  to  poflerity,  for  their  own 
fakes,  to  conflder  him  but  as  a beginner  ; and  to  purj'ue  philofo- 
phical  inquiries  in  general \ without  flopping  to  raife  petty 
fyflems  by  the  way.  Here  was  a noble  Jbul!  fhis  the  deflrable 
character  l A true  philcfophical  mind,  well  feafoned  with 
humanity,  beneficence,  goodnefs!  After  he  had  led  us  thro 
all  the  regions  of  nature  ; confldered  her  various  productions , 
Jhewed  us  their  ujes,  and  the  manner  of  converting  them  to  our 
fever al  purpofes ; convinced  us,  that  we  live  in  a world  moft 
wifely  contrived,  wherein  numberlejs  grand  defigns  are  at  once 
carried  on  with  unceafmg  variety  \ and  manifefted  that  all 
the  beings,  and  all  the  bodies  we  know,  jointly  confpire,  as 
one  whole , in  bringing  about  the  great  ends  of  nature  ; be 
bids  us  not  flop  here,  but  leaves  us  full  of  afurance,  that 
the  farther  we  enquire  into  the  works  of  the  univerfal  archi- 
tect, the  more  beauty  and  harmony,  the  greater  ufe  and  Jatis- 
f aClion  we  Jhall  find  among  them  ; and  this  as  long  as  the 
frame  of  the  world  endures . Thefe  noble,  manly , and  generous 
notions,  are  what  the  reader  will  find  inculcated  thro  the 
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philofophical  writings  of  Mr.  Boyle  ; whofe  principal  aim , and 
great  delight  it  was,  to  benefit  mankind  by  them  : and  this 
‘Valuable  end  I Jhall  count  it  happy,  in  any  degree  to  promote, 
by  having  fitted  and  prepared  them  for  the  ready  and  commodious 
perufal  of  every  reader. 


A 


A Preliminary 


DISCOURSE, 

Extrafted  from 

Particular  Pieces  of  Mr.  BOY  L E$ 

And  Serving  as  a General  Preface  to  his 
Philosophical  Writings. 


VT“M  S,  in  my  opinion,  one  of  the  principal  impediments  to  the 
advancement  of  natural  philofophy,  that  men  have  been  fo 
forward  to  write  fyftems  of  it.  When  an  author,  after 
having  cultivated  only  a particular  branch  of  phyfics,  fets  himfelf  down 
to  give  a complete  body  of  them,  he  finds  himfelf,  by  the  nature  of 
his  undertaking,  and  the  laws  of  method,  engaged  to  write  of  many 
things  wherewith  he  is  unacquainted  ; whence  he  is  reduced,  either  idly 
to  repeat  what,  perhaps,  has  already  been  impertinently  deliver’d  on 
the  fubjedh  *,  or  to  fay  any  thing  of  it,  to  avoid  faying  nothing.  But 
the  fpecious  and  promifing  titles  of  thefe  fyftem- writers  are  apt  to 
perfuade  the  unwary,  that  all  the  parts  of  natural  philofophy  have  al- 
ready been  fufficiently  explain’d  ; and,  confequently,  that  it  were  need- 
lefs  for  them  to  be  at  any  farther  expence  and  trouble  in  making  en- 
quiries into  nature  ; the  bufinefs  being  done  to  their  hands. 

And  no  lefs  prejudicial  is  the  way  of  writing  to  the  reputation  of 
the  author  himfelf.  For  it  frequently  happens,  that  when  a writer,  to 
vent  a few  particular  notions,  or  difcoveries  of  his  own,  prefumes  to 
give  a body  of  philofophy,  that  part  which  is  truly  his,  tho’ excellent 
in  its  kind,  feems  either  loft  in  the  crowd  of  things  he  has  borrowed 
from  others,  and  fo  comes  to  be  overlook’d  by  the  reader  ; or  elfe  the 
tedious  and  ungrateful  repetitions  of  things,  feveral  times  read  in  other 
authors,  occafions  the  whole  book  to  be  thrown  afide,  as  a rhapfody 
of  trite  and  vulgar  notions,  unworthy  the  perufal  : whence,  what  wou’d 
Vol.  I.  c have 
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have  made  an  excellent  and  fubftantial  cfTay,  paffes  but  for  a dull  and 
empty  book. 

The  worft  inconvenience  is  (till  behind  3 for  whilft  this  vanity  of 
writing,  either  fy Items,  or  nothing,  is  indulged,  many  ufeful  notions  or 
experiments,  are  by  fober  and  modeft  men  fupprefs’d  3 becaufe  their 
judgment  and  integrity  forbid  them  to  teach  more  than  they  under- 
ftand,  or  to  affert  more  than  they  can  prove  : whence,  of  confequence, 
this  pernicious  cuftom  prevents  them  from  publifhing  their  thoughts 
and  obfervations,  till  they  are  numerous  enough  to  fwell  a fyftem.  So 
that  lam  afraid  the  fyftem- writers  have  hinder’d  the  world  from  much- 
more  ufeful  compofures  than  their  own.  For  there  are  very  few  men, 
if  any,  enrich’d  with  a fufficient  ftock  of  experiments  and  obfervations 
to  make  out  clearly  and  folidly,  I will  not  fay  all  the  phenomena  of 
nature,  but  of  any  fubordinate  branch  of  phyfics.  And  thofe  who  are 
diligent  and  judicious  enough,  thoroughly  to  ftudy  any  part  of  philo- 
fophy,  will,  from  the  difficulties  and  uncertainties  they  find  therein, 
be  the  moft  backward  of  all  men  to  write,  fyftems. 

And  what  we  have  thus  faid  of  univerfal  fyftem -writers,  is  propor- 
tionably  applicable  to  thofe  who  pretend  to  give  us  complete  accounts 
of  chymiftry,  or  any  other  confiderable  and  comprehenfive  part  of 
natural  philofophy.  Tho*  I muft  own,  that  from  thefe  attemps,  which 
are  much  lefs  difficult  than  the  former,  mankind  has  received  confi- 
derable advantages  3 how  Ihort  foever  the  authors  may  have  fallen  of 
their  pompous  titles.  Nor  would  I difcourage  the  publication  of  a 
fyftem  of  philofophy,  or  any  part  of  it,  from  time  to  time,  by  fome 
very  intelligent  writer,  taken  from  the  belt  authors  and  obfervations 
then  extant  3 for  fuch  a work  may  be  ferviceable  in  many  refpe&s,  if 
it  contain  any  confiderable  improvements  in  knowledge,  more  than  the 
Jaft  work  of  the  fame  nature.  But,  for  my  own  part,  I am  very  fenfible 
of  the  want  of  a fufficient  ftock  of  experiments  and  obfervations,  to 
write  fyftematically.  And,  indeed,  I cannot  but  impute  many  of  the 
deficiencies  in  the  reafonings  of  Ariftotle , and  other  celebrated  philofo- 
phers  to  their  having  too  haftily,  and  without  due  obfervation,  or  a 
fufficient  number  of  experiments,  prefum’d  to  deliver  axioms,  and 
eftablifh  principles.  For  the  theories  that  are  built  but  upon  a few 
obvious  experiments,  are  very  liable  to  be  overthrown  by  a fuller  en- 
quiry into  nature.  And,  truly,  if  men  were  willing  to  regard  the  ad- 
vancement of  philofophy,  more  than  their  own  reputations,  it  were 
eafy  to  make  them  lenfible,  that  one  of  the  moft  confiderable  fervices 
they  could  do  the  world  is,  to  fet  themfelves  diligently  to  make  expe- 
riments, and  colle<5t  obfervations,  without  attempting  to  eftablifh  theories 
upon  them,  before  they  have  taken  notice  of  all  the  phenomena  that 
are  to  be  folved.  I wou’d  not,  however,  debar  men  from  reafoning 
upon  experiments,  and  endeavouring  to  difcern,  as  early  as  poffible,  the 
agreements,  differences,  and  tendencies  of  things  3 fuch  an  abfolute  fuf- 
penfion  of  the  rational  faculty  is,  perhaps,  impoffible  3 at  leaft,  ’twould 
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be  exceeding  irkfome.  It  fometimes  conduces  to  the  difcovery  of  truth, 
to  frame  an  hypotbefis  to  foJve  a difficulty  ; for  the  underflanding  may 
be  inftru&ed,  even  by  its  own  errors.  What  I wilh  for,  with  regard  to 
fyftems,  is,  that  men  would  always  procure  a number  of  experiments 
proportionable  to  the  extenfivenefs  of  the  theory  to  be  built  upon 
them  * : and,  in  the  next  place,  that  fuch  kind  of  fuperftrudlures 
fhou’d  be  look’d  upon  only  as  temporary,  and  preferable,  indeed,  to 
others,  as  being  the  lead  imperfed: ; yet  not  entirely  to  be  acquiefced 
in,  as  incapable  of  farther  improvements  and  ufeful  alterations. 

Thus  much  for  the  inconveniencies  of  the  fyftematical  way  of  wri- 
ting •,  whereto  that  which  we,  in  imitation  of  the  French , call  effay,  feems 
diredly  oppofite. 

*Tis,  certainly,  a great  convenience  to  this  latter  manner  of  writing, 
that  the  reader  need  not  be  tired  with  tedious  repetitions  of  what  others 
have  faid ; and  that  the  author,  being  at  liberty  to  break  off  when  he 
pleafes,  is  not  obliged  to  endeavour  to  teach  what  he  does  not  under- 
Hand  ; or  to  write  of  any  fubjed,  unlefs  he  can  do  it  well.  And  if 
fuch  effays  be,  as  they  ought,  but  competently  (lock’d  with  experiments, 
*tis  the  reader’s  own  fault  if  he  does  not  improve  by  them-f.  When 
an  author  acquaints  me  only  with  his  own  thoughts  or  conjectures,  if 
he  miftakes  in  his  reafoning,  I am  in  fome  danger  of  erring  with  him  ; 
at  leaft,  I may  lofe  all  the  time  and  pains  I bellow  upon  him:  but  if 
a writer  endeavours,  by  enrichin^is  difcourfe  with  new  and  real  obferva- 
tions  or  experiments,  to  credit  hm  dodrine  ; let  his  private  opinion  be 
ever  fo  erroneous,  yet  his  experiments  being  true,  I may  make  my  own 
ufe  of  them ; and  even  plead  them  againfl  his  opinion  : fo  that  fuch  a 
writer  will  certainly  teach  me  ufeful  truths,  and  cannot  eafily  lead  me 
into  error. 

From  hence,  then,  appears  the  great  ufefulnefs  of  experimental  effays 
in  general. 

As  for  the  manner  wherein  my  own  are  written,  I have,  thro*  the 
whole,  aimed  at  a plain  philofophical  (lyle,  and  clear  fignificant  ex- 
preffions,  rather  than  fuch  as  are  ornamental.  And,  certainly,  where 
our  defign  is  to  inform,  not  to  delight,  or  perfuade,  perfpicuity  is  one 
of  the  bed  qualifications  in  (lyle  j and  to  affed  rhetorical  flourifhes  in 
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* No  philofopher  appears  to  have  ob- 
ferved  this  rule  more  exadtly  than  the  in- 
comparable Sir  Ifaac  Newton  : and,  accor 
dingly,  as  his  theory  is  very  extenfive,  fo 
are  his  experiments  numerous  ; but  being 
always  wonderfully  fimple,  and  wellchofen, 
a few  of  them  compared  together,  foon  lead 
to  greater  difcoveries,  than  many  times  their 
numbers  wou’d,  when  contrived  by  vulgar 
heads,  and  executed  by  vulgar  hands* 
Such  a fagacity  in  finding  out  the  lead- 


ing experiments  of  an  enquiry,  and  exe- 
cuting of  them  in  the  fhorteit  ways,  is 
the  higheft  qualification  in  an  experi- 
mental philofopher.  Mr.  Boyle  had  a great 
talent  in  thus  contriving  experiments,  and 
bringing  things  to  the  trial  ; tfpecially 
when  he  could  be  accommodated  with  pro- 
per engines  and  inftruments. 

•{'  All  Mr.  Boyle' s philofophical  pieces,  are 
properly  effays,  well  Hock’d  [with  experi- 
ments and  obfervations. 
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letting  down  an  experiment,  or  in  explaining  fome  abftrufe  phenomenon,, 
were  as  improper  as  to  paint  the  eye-glafs  of  a telefcope,  where  clear- 
nefs  alone  is  the  thing  requir’d.  *Tis  not  an  unpoliffi’d  philofopher, 
but  the  prince  of  orators,  Cicero  himfelf,  who  laid,  “ whatfoever  is 
<c  clearly  exprefdd  upon  a good  fubjeff,  appears  to  me  to  be  excellently 
“ fpoken  •,  to  affedt  elegance  in  fuch  a cafe  were  childiffi  ; to  fpeak 

plainly  and  intelligibly  here,  is  what  a wife  and  a learned  man  wou’d 
cx  choofe.” 

I expedt  it  will  be  obferved  to  my  difadvautage,  that  I fpeak  doubt- 
fully upon  moll  oocafions  ; which  feems  to  argue  a diffidence  of  the 
opinions  I incline  to  : but  having  met  with  many  things,  for  which  I 
cou’d  affign  no  probable  caufe,.  and  with  fome,. for  which  many  very  diffe- 
rent ones  might  be  alledg’d  *,  [dare  fpeak  pofitively  and  confidently  of 
very  few  things,  except  of  matters  of  faff.  ’Tis  not  that  I condemn 
the  practice  of  bolder  men,  who  attempt  to  folve  the  mod  abftrufe 
phenomena  of  nature  ; I admire  them,  where  their  endeavours  fucceed  ; 
and  tho*  they  f^il,  applaud  them  : but  a man  ffiould  know  his  own 
abilities,  and  not  imitate  all  he  thinks  fit  to  praife.  ’Tis,  I am  fenfible, 
the  ready  road  to  fame,  to  folve  phenomena,  and  propagate  opinions  ; 
but  by  the  way  of  writing  to  which  I have  condemned  my  felf,  1 can 
hope  for  little  better  than  to  pafs  for  a drudge,,  of  greater  induftry 
than  reafon  ; and  fit  only  to  colledt  experiments,  for  more  philofophical 
heads  to  make  life,  of  and  explain.  And  I am  content,  provided  expe- 
rimental knowledge  be  really  promoted.,  to  contribute  to  the  meaneft 
way  to  advance  it  ; and  had  rather  be  an  under-builder,  and  even  dig 
in  the  quarry  for  materials  towards  fo  ufeful  a ftrudhire,  than  not 
affift  in  eredting  it.  But,  to  fay  the  truth,  I have  not  been  wholly 
wanting  in  framing  notions,  and  devifing  hypothefes,  free  from  the 
deficiencies  and  errors  I obferv’d  in  thofe  of  other  men ; tho’  with 
this  fuccefs,  that  I have  hitherto  commonly  found  what  pleafed  me 
for  a while,  as  fquaring  with  the  obfervations  on  which  my  notions 
were  grounded,  was  foon  after  contradidled,  or  difgraced  by  fome  new 
experiment  or  obfervation,  either  before  unknown,  or  unthought  of. 
And  thus  it  has  fared  with  many  eminent  writers,  who  have  taken 
upon  them  to  deliver  the  caufes  of  things,  and  explain  the  myfteries- 
of  nature,  and  their  dodlrines,  after  having,  for  a ffiort  time,  been  ap- 
plauded and  admired,  have  been  afterwards  confuted  by  the  difcovery 
of  new  phenomena. 

Notwithftanding  all  this,  I have  on  fome  occafions,  ventured  to  deli- 
ver my  opinion  •,  becaufe  I rather  choofe  to  run  the  hazard  of  being 
fometimes  miftaken,  than  not  afford  my  reader  the  befl  affiftance  I 
could  towards  the  difcovery  of  truth.  And  becaufe  in  my  folutions, 
and  explanations  of  natural  effeffs,  I have  not  always  an  immediate 
recourfe  to  the  magnitude,  figure,  and  motion  of  atoms,  or  the  compo- 
nent particles  of  bodies,  ’tis  proper  I ffiould  give  my  reafon  for  this 
procedure.  For  many  men  of  learning,  and  efpecially  phyficians,  are 
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i n. danger  of  being  dcfpi fed,  on  account  of  an  opinion  taken  up  from 
die  nufapplied  do&rine  of  fome  eminent  Atomifts , as  if  no  theory  in 
natural  philofophy  couM  be  rational,  where  any  other  caufes  of  things 
are  alTign’d,  than  atoms  and  their  properties.  But,  in  general,  to  aflign 
a reafon  of  an  effedt,  is  to  deduce  it  from  fome  other  thing  in  nature, 
more  known  than  it  felf ; and,,  confequently,  there  may  be  leveral  de- 
grees of  explaining  the  fame  thing.  For  tho5  fuch  folutions  are  the 
mod  fatisfaclory  to  the  underflanding,  which  fhew  how  the  effedl  is 
produced  by  the  more  primitive  and  general  properties  of  matter ; yet 
thofe  accounts  are  not  to  be  defpifed,  that  are  taken  from  the  obvious 
and  familiar  properties  or  dates  of  bodies ; tho*  thefe  themfelves,  pro- 
bably depend  on  the  more  univerfiil.  In  the  fearch  after  natural  caufes, 
every  new  meafure  of  difeovery  both  inftrudts  and  gratifies  the  mind  ; 
tho*  the  nearer  the  difeovered  caufes  approach  to  the  higheft  in  the 
fcale  of  feries,  the  more  is  the  underflanding  gratified  and  inftrudted  *. 
’Twou’d,  therefore,,  be  highly  ufeful,  if  fome  mathematical  genius 
were  imploy’d,  in  deducing  the  principal  modes  or  qualities  of  matter,, 
fuch  as  heat,  cold,  (s fc.  with  the  dates  and  conditions  of  it*  as  fluidity, 
firmnefs,  &c.  from  the  primitive  and  fimple  properties  thereof,  as  figure, 
motion,  &c.  In  the  mean  time,  we  fhou’d  not  rejedl  all  thofe  accounts 
ofi  particular  effedts,.  which  are  not  immediately  Reduced  from  the 
primary  properties,  but  from  the  lefs>  univerfal  qualities  of  things,  as 
cold,  heat,  weight,  &c.  And  this  too  wouki  much  fhorten  the  explana- 
tion of  particular  phenomena,  which,  otherwife,  mud  be  excefiively  te- 
dious Thus,  he  eafily  affigns  a tolerable  reafon  why  all  metals,  ex- 
cept gold,  fwim  upon  quick-diver,  who  teaches,  that  thofe  metals 
are  lighter  than  quick-filver,.  but  gold  heavier  j tho5  he  does  not  deduce 
the  phenomena  from  atoms,  nor  fay  why  gold  is  heavier,  or  afiign 
the  general  caufe  of  gravity.  Thus  a phyfician  will  tell  you,  that 
rhubarb  cures  a loofenefs,  by  a laxative  virtue,  whereby  it  carries  oft 
the  caufe,  and  an  adringent  property,  whereby  it  afterwards  dops 
the  flux : but,  if  you  afk  him,  why  rhubarb  purges,  he  will  hardly 
give  you  a fatisfadlory  anfwer.  Yet  a fkilful  phyfician  would  think 
himfelf  injured,  if  the  reafons  he  renders  of  things  in  his  own  pro- 
fefiion,  were  denied  to  be  reafons,  becaufe  not  built  upon  atomical 
principles.  And,  indeed,  there  are  often  fo  many  fubordinate  caufes 

of 


* *Tis  unphilofophical  to  refolvc  ef* 
fltts  in:o  the  original  caufe  of  all  thing?, 
the  fupreme  Being,  without  an  abfolute 
necefiity.  Indeed,  by  difeovering  more 
intermediate  caufes,  we  only  lengthen  the 
chain,  and.  mull  end  in  the  author  of 
nature  at  laft  ; but  it  is  the  bufinefs  of 
philofophy,  to  difeover  all  thefe  links, 
and  to  (hew,  if  pcfiible,  hew  the  Jail  is 
connected  with  the  reft.  Many  philo- 
fophers  tell  us,  that  gravity  is,  .dcubtlefs,.. 


immechanical,  and  muft  be  immediately 
refolved  into  the  will  of  God ; yet  Sir 
lfaac  Newton,  with  great  fagacity,  has 
nobly  attempted  to  give  a mechanical  ac- 
count of  it.  The  practice,  therefore,  of 
this  illuftrious  author,  as  wrell  as  of  Mr. 
Boyle , (hews,  that  philofophers  fhon’d 
not  be  too  hafty,  in  folving  phenomena 
from  the  will  of  the  Creator;  becaufe  it 
tends  to  ftop  the  progrefs  and  advancement 
of  natural  knowledge. 


XXi 


xx<ii 


Treliminary  Difcourfe. 

of  things,  that  a large  field  is  left  therein  to  exercife  human  induftry, 
in  foiidly  deducing  the  properties  of  bodies,  from  more  general  and 
familiar  qualities  * and,  alfo,  intermediate  caufes  from  one  another. 
And  we  fhould  the  more  readily  allow  of  fuch  caufes  as  thefe,  becaufe 
there  are  fome  things,  for  which  no  phyfical  caufes  are  at  all  aflignable  *, 
as  of  the  origin  of  local  motion,  for  inftance. 

There  are  two  very  different  ends  in  ftudying  natural  philofophy  to 
pleafe  a man’s  felf  in  the  caufes  of  the  difcovery  of  known  phenomena, 
and  to  be  able  to  produce  new  ones.  Now,  as  the  atomical  principles 
are  likely  to  give  mod  fatisfa&ion  in  the  knowledge  of  caufes  ; fo  phi- 
lofophy may  be  purfued  with  great  pleafure  and  delight,  by  collecting 
and  making  a variety  of  experiments,  and  observations.  When  an 
engineer  employs  gun-powder,  *tis  not  necefiary  he  fhould  know  the 
ingredients  whereof  it  confifis,  or  the  proportions  wherein  they  are 
mixed  ; the  common  notion  of  this  powder,  will  enable  him  to  perform 
furprizing  things  with  it.  And  a phyfician,  who  has  obferv’d  the  me- 
dicinaf  virtues  of  FmV^-treacle,  may,  tho’  he  know  not  the  names  or 
nature  of  the  numerous  drugs  whereof  ’tis  compofed,  cure  feveral  dif- 
eafes  with  it.  ’Tis,  indeed,  an  advantage,  as  well  as  a fatisfa&ion,  to 
know,  in  general,  how  the  qualities  of  things  are  deducible  from  the 
primitive  properties  of  the  fmallefl  parts  of  matter  *,  yet  if  we  are  only 
acquainted  with  the  qualities  of  the  bodies  they  compofe,  and  how 
thefe  are  difpofed  to  operate  upon  other  bodies,  and  to  be  wrought 
upon  by  them,  we  may,  without  afcending  to  the  top  of  the  feries 
of  caufes,  perform  things  of  great  moment.  Artificers,  who  never 
dream’d  of  the  Epicurean  philofophy,  have  accommodated  mankind  with 
a multitude  of  ufeful  inventions.  But  to  return. 

I have  purpofely  refrain’d  from  fwelling  my  difcourfe  with  folemn 
and  elaborate  confutations  of  other  men’s  opinions,  except  in  fome  few 
particular  cafes,  where  I thought  they  might  prove  greater  impediments 
to  the  advancement  of  experimental  knowledge : and  even  fuch  opi- 
nions I have  been  cautious  in  oppofing,  unlefs  with  experimental  ob- 
jections. For  I defign  not  to  engage  with  any  fedt  of  philofophers.  I 
wou’d  endeavour  to  deftroy  the  groundlefs  ftrudture  of  opinions,  as  fan- 
caftical  objedts  are  abolilh’d  by  letting  in  more  light  upon  them.  And 
experience  fhews,  that  many  plaufible  and  radicated  opinions,  have  been 
thus  demolifhed.  Indeed,  fuch  opinions  will  vanifh  of  themfelves,  tho* 
no  body  fhould  exprefly  write  againft  them. 

’Tis,  alfo,  contrary  to  my  inclination,  to  tranfcribe  paflfages  out  of 
authors,  which  commonly  add  much  more  of  bulk,  than  of  worth,  to 
a book.  But  where  particulars  are  of  that  nature,  or  moment,  as  to 
require  proof  or  illuftration,  I have  fometimes  been  obliged  to  comply 
with  this  cuftom  *,  tho*  I always  apeal  to  other  writers,  not  as  judges, 
but  as  witnefles. 

I mud  here  apologize  for  one  thing  that  is  very  contrary  to  my 
nature,  the  concealing  fome  particulars  in  my  writings.  But  thefe  are 
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fuch  as  I either  had  upon  condition  of  fecrecy  *,  ftich  as  are  made  a 
pecuniary  advantage  of  by  fome  particular  perfons  •,  fuch  as  I purpofeJy 
keep  by  me  to  exchange  for  the  fecrets  of  others  ; or,  laftly,  fuch  as 
are  eafily  capable  of  being  converted  to  ill  ufes.  The  reader,  there- 
fore,  muft  not  think  himfelf  unkindly  dealt  with,  if,  upon  thefe  confi- 
derations,  fome  procefies  and  receipts  are  kept  from  him.  The  number 
of  thefe,  however,  is  but  frnalT,  and  he  has  ample  amends  made  him 
by  a large  coll edlion  of  others  freely  prefented  him. 

To  excufe  the  prolixity  ufed  in  fetting  down  many  of  my  experiments, 
I might  reprefent  that  moft  of  them  being  wholly  new,  required  to  be 
circumllantially  deliver’d,  to  gain  them  a thorough  afient ; but  the 
principal  reafon  of  this  was,  my  defigning  them  to  ferve  as  full  and 
faithful  records  of  the  things  themfelves  \ whereby  they  might  fave 
others  the  trouble  or  expence  of  repeating  them. 

If  anyone  fhall  think,  that  in  my  difcourfes  I reveal  too  much  of  the 
fecrets  and  myfteries  of  trades,  I would  have  them  confider,  that  my 
defign  being  to  inftrudt,  and  fometimes  to  convince  my  reader,  I was 
frequently  driven  to  make  ufe  of  fuch  fenfible  and  obvious  experiments, 
as  eafily  gain  credit,,  or  may  be  feen  with  little  trouble:  and  becaufe 
I write  for  philofophers,  not  to  inftrudt  men  how  to  raife  eftates,  I 
feldom  divulge  more  than  an  experiment  or  two  in  any  particular 
trade,  which  is  far  from  enabling  a perfon  to  pradtife  the  whole  of 
that  trade.  But  fuch  benefits  may  accrue  to  trades  from  a philofo- 
phical  confideration  of  them,  that  the  artift  might  well  excufe  the 
being  made  free  with  upon  fuch  an  occafion.  The  inventions  of  phi- 
lofophical  heads,  fet  great  numbers  of  mechanical  hands  to  work  ; and 
furnilh  them  with  means  of  procuring  not  only  a fubfiftence,  but  eftates 
too.  The  truth  is,  I have  been  the  more  particular  upon  this  fubjedt, 
in  hopes  of  removing  philofophy  from  the  fhops  into  the  fchools  •, 
which  might  prove  as  ferviceable  to  trades  themfelves,  as  to  the  hiftory 
of  arts  and  nature.  And  I fliall  not  think  my  labour  loft  in  recording 
what  may  to  fome  appear  trifling  experiments,  if  by  ftriking  in  with 
the  humour  or  genius  of  my  reader,  any  one  of  them  fhall  give  him 
a relifh  for  experimental  knowledge  : for  the  pleafure,  variety,  ufeful- 
nefs,  and  other  endearing  qualities  of  that  purfuit,  muft  furely  invite 
him  to  a farther  progrefs,  whereby  many  great  advantages  may  be 
derived  to  the  world.  Natural  philofophy  is  not  that  barren  thing  it 
has  been  long  accounted  : I only  wifh  that  I could  rouze  up  the  gene- 
rality of  inquifitive  perfons,  and  excite  the  curiofity  of  mankind  to 
the  making  of  experiments  •,  from  which  alone  the  greateft  advancement 
of  ufeful  knowledge  is  to  be  expedted.  To  encourage  and  facilitate  this 
pradtice,  give  me  leave  here  to  propofe  a general  method  of  drawing 
up  the  proper  heads  of  enquiry  for  philofophical  fubjedts  •,  according 
to  the  model  whereinto  my  own  fearches  into  nature  "were  generally 
diredted. 
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In  "the  'fir ft  place,  I propole  to  my  fell' three  forts  of  heads,  whereto 
all  the  particulars  which  occur,  belonging  to  the  hiltory  of  a fubjedt, 
whether  it  be  a body,  a quality,  an  operation,  -or  a procefs,  may  conve- 
niently be  referr’d.  Thefe  diftindt  lets  or  topics  of  enquiry*  I call 
orders,  ranks,  or  clafles.  And  finding  that  things  of  different  natures 
were  referable  to  each  fet,  for  inftance,  queries,  propofitions,  &c.  I 
chofe  to  take  in  all  thefe  kinds  of  topics,  or  articles  of  enquiry,  under 
the  general  and  comprehenfive  name  of  titles.  The  firft  order  of  thefe 
titles  I made  to  confift  of  fuch  as  readily  occurr’d,  upon  the  primary 
deliberate  view,  or  general  furvey  of  the  fubjedt.  For  a man  can  hardly 
be  fo  ciear-fighted,  or  fo  happy,  as  at  a firit  attempt  to  light  upon  fuch 
fhort,  diredt,  and  advantageous  methods  of  digefting,  and  delivering  his 
difcoveries,  as  might  afterwards  be  afforded  him  by  a thorough  enquiry, 
and  farther  informations.  It  may,  therefore,  fuffice  for  the  firft,  that 
the  mind  takes  a general  furvey  of  the  fubjedt,  views  it  on  every  fide, 
and  obferves  the  different  profpedts  it  affords.  There  is  no  need  of 
being  very  fcrupulous  in  enumerating  and  ranging  the  particulars  re- 
ferable to  this  clafs  •,  but  only  to  order  it  fo,  that  the  titles  may  be 
fufficientiy  various  and  comprehenfive,  rather  than  exadtly  methodi- 
cal, or  accommodated  to  any  particular  hypothefis.  • And  becaufe, 
even  at  the  firft  deliberate  view,  fome  of  thefe  titles  may  appear  fo 
confiderable  and  fruitful,  as  to  deferve  that  feveral  fubordinate  and  more 
particular  topics  be  referr’d  to  them  ; I call  the  capital  titles,  or  thofe  of 
this  firft  clafs,  primary,  and  the  fubordinate  fecondary  titles. 

Now,  when  by  reading,  conference,  meditation,  and  the  experiments 
fuggefted  by  the  heads  of  the  firft  clafs,  we  have  receiv’d  the  fulleft 
information  we  can  procure,  of  every  thing  that  relates  to  the  fubjedt-; 
we  may  then  proceed  to  form  another  fet  of  titles,  to  be  call’d  the 
fecond,  or,  -if  no  other  interpofe,  the  laft  clafs  ; which,  if  we  have 
been  diligent  and  fuccefsful,  will  be  more  copious,  and  better  ranged 
than  the  firft.  For,  many  things  will  now,  probably,  appear  to  belong 
to  -the  fubjedt,  which  before  were  thought  remote  from  it ; or,  per- 
haps, not  thought  of  at  all  : and  farther  difcoveries  will  enable  us  to 
corredt  the  order  of  the  former  titles.  Moft  of  the  particular  heads 
too  will,  probably,  appear  more  comprehenfive,  and  of  larger  extent, 
than  was  before  imagin’d  ; fo  that  a particular  title  may  hence  be  pro- 
perly branch’d  out  into  feveral  fubordinate  articles,  or  fecondary  titles  ; 
one  whereof  alone  will,  perhaps,  comprize  as  many  experiments,  or 
obfervations,  as  at  firft  feem’d  to  belong  to  the  primary,  or  more  ge- 
neral title  it  felf.  And  from  the  materials  thus  orderly  drawn  together, 
Amder  this  laft  clafs,  with  the  requifite  changes  in  point  of  method, 
connedtion,  tranlitions,  and  additions,  may  be  form’d  the  beginning 
of  a natural  hiftory  of  the  fubjedt  whereto  they  bear  relation.  For, 
even  after  all  this  is  done,  the  hiftory  will,  in  all  probability,  be  only 
begun,  not  compleated  •,  the  nature  of  things,  and  the  induftry  of 
fltilful  men  being  fo  fertile,  that  the  hiftory  will,  doubtlefs,  be  encreafed, 
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corrected,  and  improved  from  time  to  time  •,  but  never,  1 fear,  in  many 
ages,  arrive  at  abfolute  perfection. 

When  the  fubjeCt  to  be  treated,  is  either  very  comprehenfive,  or 
very  difficult;  as  thofe  of  animal  generation,  magnetifrh;  fermentation, 
gravity,  &c.  it  will  be  ufeful,  if  not  necefiary,  to  interpofe  between  the  ti- 
• ties  of  the  laft,  and  of  the  firft  clafs,  a fet  that  may  be  called  of  the  middle 
order;  for  the  framing  whereof  the  nature  of  the  fubjeCt  muft  be  narrow- 
ly fcann’d,  furvey’d  afrefh,  and  carefully  compared  with  the  feveral  par- 
ticulars, obtain’d  and  difpofed  under  the  titles  of  the  firft  clafs.  Hence 
many  new  hints,  and  heads  of  enquiry  will,  in  all  likelihood  be  fuggefted  ; 
which,  added  to  the  former,  may  deferve  to  have  a new  clafs  fram’d  for 
them,  confifting  of  articles  more  copious  and  various  than  the  firft;  and 
fit  to  be  ranged  in  a different  order.  Thefe  feveral  titles  are  to  be  touch’d 
and  fill’d  up,  after  the  fame  manner  that  the  Ifraelites  gradually  acquired 
a knowledge  of  the  fruitful  land  of  Canaan , before  they  pofiefs’d  it  : 
at  their  firft  entrance,  the  fpies  took  a transient  view  of  the  country, 
and  brought  back  but  an  inaccurate  account  thereof,  with  a little  of 
the  more  remarkable  fruit  it  afforded  ; but  upon  a fecond  expedition, 
taking  pains  to  gain  fuller  inftruCtions,  they  return’d  able  to  anfwer 
many  particular  articles  of  inquiry : and  this  latter  induftry  wou’d  enable 
them  to  give  a far  more  diftinCt  and  fatisfaCtory  chorography,  or  furvey 
of  the  country,  than  they  cou’d  have  furniffi’d  out  before  their  fecond 
expedition. 

Laftly,  as  ’tis  not  to  be  expeCted,  that  the  titles,  whether  primary 
or  fecondary,  of  a natural  hiftory,  ftiou’d  need  no  enlargement,  or  refor- 
mation from  fecond  thoughts,  and  a more  comprehenfive  practical 
knowledge  of  the  fubjeCt ; I always  thought  it  necefiary  to  annex  to  the 
firft  edition,  if  I may  fo  call  it,  of  my  titles,  an  appendix,  confifting 
of  things  omitted  and  things  to  be  added;  the  former  whereof  are 
properly  referable  to  fome  of  the  titles  already  enumerated,  and  on- 
ly thro’  hafte,  or  overfight,  had  not  their  places  affigned  them  ; but 
the  latter,  were  to  receive  fuch  new  particulars,  as  fhould  be  fuggefted 
by  farther  advancements,  after  the  hiftory  was  written  ; whether  they 
direCtly  belong’d  to  any  of  the  preceding  titles,  or  might,  only  in  a 
general  way,  contribute  to  the  knowledge  or  illuftration  of  the  fubjeCt. 

To  proceed,  I muft  obferve,  with  regard  to  the  mechanical  contrivan- 
ces employ’d  in  the  execution  of  my  experiments  ; that  tho’,  in  general, 
they  anfwer’d  my  purpofe,  yet  much  more  artificial  inftruments  may 
be  invented.  But  being  frequently  obliged  to  make  my  experiments 
at  a diftance  from  Lojidon , I was  glad  to  put  in  practice  the  beft 
methods  I could  any  way  devife,  where  all  definable  conveniencies 
were  not  to  be  had.  Indeed  it  has  been  no  fmall  hindrance  to  the 
advancement  of  natural  philofophy,  that  fome  nice  critics  are  fo  rigid  in 
exacting  the  very  beft  contrivances,  in  thofe  who  publiffi  their  experi- 
ments; for  every  philofopher  has  not  a mechanical  head.  And  he 
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may  well  be  efteem’d  a benefaCtor  to  natural  philofophy,  who  barely 
contrives  experiments  in  theory,  or  propofes  practicable  ways  of  bring- 
i ng  things  to  a trial : for  the  increafe  of  knowledge  is  the  product  of 
the  things  themfelves  that  are  difcover’d  ; whatever  means  or  inftruments 
are  ufed  in  the  difcovery  of  them.  ’Tis  true,  in  curious  and  extraor- 
dinary cafes,  perfection  in  the  contrivance  may  be  defirable,  ufeful,  or 
even  neceffary  •,  yet  in  many  others,  where  only  the  production  of  a 
new  phenomenon  is  the  thing  intended,  he  contributes  to  the  hiftory 
of  nature,  who  really  performs  the  fubftantial  part  of  a difcovery,. 
tho’  it  be  not  in  the  molt  eafy,  molt  perfeCt,  and  moft  compendious 
method  imaginable.  Archimedes  himfelf,  if  hiftory  fays  true  of  him, 
went  a much  more  laborious  and  inaccurate  way  to  affign  the  propor- 
tions of  gold  and  filver,  in  a mixture  of  thofe  two  metals,  than  is 
taught  us  by  the  modern  hydroftatics  *,  tho’  this,  perhaps,  wou’d  have 
remain’d  undifcover’d,  but  for  the  hint  afforded  by  his  method  of  pro- 
cedure. 

To  prevent,  as  much  as  poffible,  the  neceffity  of  cuts,  or  the  figures 
of  the  inftruments  which  I employ’d  in  my  experiments,  I have  made 
the  relations  and  defcriptions  of  them  full  and  plain  *,  yet,  left  my 
own  habit  of  devifing  various  trials,  and  the  frequency  of  feeing  them 
put  in  practice,  might  have  led  me  to  imagine  things  more  intelli- 
gible than  the  generality  of  readers  would  find  them,  I advifed  with 
fome  proper  perfons,  as  to  the  experiments  neceffary  to  be  illuftrated 
with  fchemes  or  figures:  which  are  fo  contrived,  as  generally,  by  in- 
fpe&ion,  to  exprefs  and  clearly  reprefen t the  things  they  were  defign’d 
to  fhow  •,  without  referring,  by  letters,  to  the  particular  parts  whereof 
they  confift. 

There  is  another  particular,  which  muff  not  be  paffed  over  in 
filence,  the  frequent  repetitions  to  be  met  with  in  my  writings. 
Having  often  been  obliged  to  write  at  a great  diflance,  as  well  of 
place,  as  of  time,  from  the  books  that  I ha'd  formerly  publifh’d  ; and 
fo  wanting  the  opportunity  of  confulting  them  j the  mention  of  things 
already  there  deliver’d,  was  render’d  fometimes  unavoidable  : tho’  I 
hope  thefe  generally  appear  on  fuch  different  occafions,  ferve  fuch 
different  purpofes,  and  are  attended  with  fuch  additional  circum fiances, 
that  the  reader  will  not  be  difgufled  to  meet  with  the  fame  thought  in 
different  parts  of  my  works. 

Give  me  leave  in  the  laft  place,  to  explain  my  felf,  as  to  the  opi- 
nion which  I may  feem  to  have  entertain’d  of  chymiftry  \ and  as  to 
the  ufe  I have  made  of  it  in  my  philofophical  inquiries. 

After  having  gone  thro’  the,  common  operations  of  that  art,  and 
coming  ferioufly  to  refleCt  upon  them,  I thought  it  pity  that  inftru- 
ments, which  might  prove  fo  ferviceatle  to  natural  philofophy,  fhou’d 
be  fo  little  employ’d  to  advance  it.  I faw  that  feveral  chymifts 
had,  by  a laudable  diligence,  obtain’d  various  productions,  and  hit 
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upon  many  more  phenomena,  confiderable  in  their  kind,  than  could 
well  be  expe&ed  from  their  narrow  principles  ; but  finding  the  gene- 
rality of  thofe  uddidled  to  chymifly,  to  have  had  fcarce  any  view, 
but  to  the  preparation  of  medicines,  pr  the . improving  of  metals,  I 
was  tempted  to  confider  the  art,  not  as  a phyfician,  or  an  alchymill, 
but  a philofopher.  And,  with  this  view,  I once  drew  up  a fcheme  for 
a chymical  philofophy  *,  which  I fhou’d  be  glad  that  any  experiments 
or  obfervations  of  mine  might  any  way  contribute  to  complete. 

There  are  many  men,  who,  having  no  knowledge  of  chymiftry  but 
by  report,  entertain  a very  difad  van  tageoys  opinion,  both  of  the  art, 
and  thofe  who  profefs  it,  and  becaufe  it  has  been  too  often  prac- 
tifed  by  illiterate  arrogant  impoftors,  they  will  fcarce  allow  a philofo- 
pher to  underftand  or  fludy  it.  But,  furely,  without  feeking  after 
the  grand  elixir,  this  art  may  greatly  promote  our  knowledge  of  the 
works  of  nature.  ’Tis  certain,  that  by  means  of  it,  fome  meliorations 
of  metalline  and  mineral  bodies  may  be  made,  ufeful  medicines  pre- 
pared, and  various  produdtipns  ferviceable  in  particular  trades,  and  feveral 
occurrences  of  human  life,  obtain’d.  And  tho’  this  alone  fuffices 
to  fhew,  that  a man  might  fludy  chymiflry  to  advantage;  yet, 
as  I before  intimated,  I had  a larger  view  in  cultivating  it ; and  have 
attempted  no  lefs  than  the  advancement  of  natural  philofophy,  by 
means  thereof.  And,  I hope,  I fhall  have  done  no  unacceptable  fer- 
vice  to  the  common-wealth  of  learning,  if,  by  my  acquaintance  with 
this  art,  I beget  a good  underflanding  betwixt  the  chymifls,  and  the 
mechanical  philofophers,  who  certainly  have  hitherto  been  too  great 
flrangers  to  each  other’s  difeoveries. 

I cou’d,  indeed,  have  ordinarily  employ’d  more  confiderable  chy- 
mical experiments  in  my  effays,  but  thought  fit  to  give  the  preference 
to  fuch  as  were  fimple,  fhort,  and  eafy,  and  fuch  as  might  be  made 
at  a fmall  expence  ; becaufe  thefe  I judged  the  fittefl  foundations  for  a 
philofophical  theory.  And  the  gratification  of  the  chy mifl  was  not  here 
fo  much  my  defign  as  to  oblige  the  philofopher. 


* A large  part  of  that  colle&ion  of  ex- 
periments, which  were  made  with  a view 
to  the  chymical  philofophy  here  men- 
tion'd, Mr.  Boyle  afterwards  thought  fit 
to  employ  in  giving  the  mechanical  ori- 
gin' of  qualities  in  bodies,  and  clearing 
up  other  philofophical  difficulties ; whence 
tho’  the  major  part  of  his  effays  have 
not  the  form  of  chymical  ones,  they  are 
no  other  at  the  bottom.  Nor  does  there 
feem  to  be  any  better  method  in  nature, 
for  improving  natural  Philofophy,  than 


d 2 But, 

that  which  builds  upon  genuine  chymi- 
flry.  A rational,  and  experimental  effay  of 
chymical  philofophy,  which  might  be 
drawn  from  Mr.  Boyle' s difeoveries,  and 
fome  others  that  have  been  made  fince  his 
time,  would  open  a furprizing  feene  in  the 
works  of  nature  ; and  prove  infinitely  more 
entertaining  to  the  mind,  and  advantageous 
to  human  life,  than  a Granger  to  the  various 
operations,  numerous  produ&ions,  and  a- 
flonifhing  effe&s  of  philofophical  chymiflry, 
can  poffibly  imagine. 
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But,  as  I may  myfelf  feem  an  enemy  to  the  chymifts,  by  oppo- 
fing  fome  of  their  tenets,  I defire  it  fhould  be  obferv’d,  that  I have  a 
very  different  efteem  for  the  notional  and  for  the  pra&ical  part  of 
chymiflry.  For  I have  been  obliged  to  call  in  queflion  many  of 
their  tenets,  not  only  as  a philofopher,  but  alfo  as  a chymift  ; be- 
caufe  they  appear’d  difagreeable  to  the  very  foundations  of  philofo- 
phy,  and  genuine  chymiflry  it  felf.  Such  an  one,  for  inftance,  is  the 
hypothecs  of  the  three  principles  in  natural  bodies.  But  as  for  the 
chymical  operations,  and  efpecially  thofe  highly  valuable  ones,  digeftion 
and  cohobation,  I take  them  to  be  excellent  tools  in  the  hands  of 
a natural  philofopher,  who  may  apply  them  to  many  different,  and, 
perhaps,  nobler  ufes,  than  thofe  whereto  they  are  generally  confin’d 
in  laboratories  * and  by  their  means  difcover,  imitate,  correft,  and, 
in  fome  cafes  even  excel  nature.  I,  likewife,  diflinguifh  betwixt  the 
vulgar  chymifl,  and  the  chymical  philofopher.  For,  we  are  told, 
there  is  in  the  world  a fet  of  men  of  a much  higher  order  than- 
thofe  who  give  us  courfes  of  chymiflry,  or  other  books  of  that 
nature,  able  to  tranfmute  bafer  metals  into  perfedt  ones,  and  to  do 
fome  other  things,  that  the  generality  of  chymifts  confefs  to  be 
extremely  difficult,  and  fome  of  them  think  impoffible.  What  I 
have  received  from  credible  eye-witnefles,  and,  perhaps,  fome  more 
immediate  arguments,  flrongly  incline  me  to  think  there  may  have 
been,  and  yet  are,  fome  fuch  men.  And,  whatever  be  thought  of 
the  philofopher’s  flone,  I confefs  my  felf  convinced,  by  what  I have 
feen,  that  there  are  in  the  world  as  difficult  Arcana , as  many  of  thofe 
which  have  been  derided  for  chymical  non-entities.  And  if  fuch  men 
there  are,  I cannot  but  fancy  them  poftefs’d  of  fome  exceeding  powerful 
menflrua,  whereby  they  may  produce  fuch  alterations  in  bodies,  as 
we  have  no  examples  of.  Thus  much  will  ferve  to  fhew  the  chymifts, 
that  1 am  no  enemy  to  their  art  •,  and,  indeed,  I think  it  eminently 
conducive  to  extend  the  empire  of  mankind,  by  enlarging  our  views, 
and  giving  us  the  command  of  nature.  For,  as  the  Bolonian  ftone, 
unlefs  it  were  chymically  prepared,  wou’d  never  become  luminous ; fo 
there  are  many  other  natural  bodies,  which  never  afford  light  to  phi- 
lofophy,  till  ’tis  ftruck  out  to  them  by  chymical  operations. 

I have  nothing  more  to  add,  than  that  I am  fenfible  of  the  great 
plainnefs  in  my  writings,  thro’  the  want  of  fuch  philological  orna- 
ments as  learned  men  bellow  upon  their  productions ; but  I am  not 
ambitious  to  appear  a man  of  letters  : I cou’d  be  content  the  world 
fhould  think  I had  fcarce  looked  upon  any  other  book  than  that  of 
nature*.  And,  for  my  own  part,  I always  efteem  him  the  moll 

pro- 

* Mr.  Boyle  appears,  by  his  numerous  | his  time  in  natural  inquiries,  and  yet 
writings  to  have  beftovv’d  fo  much  of  | enjoy’d  fo  fmall  a (hare  of  health,  that 

he 


Preliminary  Difcourfe. 

profitable  author,  who  does  not  endeavour  to  fhow  his  own  learning, 
but  to  encreafe  the  knowledge  of  his  reader. 


he  might  well  have  oeen  excufed  the 
pains'  of  converfing  with  authors  but, 
to  our  furprize,  he  was  a critic  in  the 
learned  languages,  ready  in  the  ufe  of 


feveral  modern  ones,  and  very  well 
verfed  in  all  the  polite  and  feverer 
literature,  both  of  the  ancients  and  mo- 
derns. 
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PREFACE 


TO  fhew  the  ufefulnefs  of  a philofophy , is  to  fhew  its  excel- 
lence. That  the  experimental  kind  is  moft  highly  ufeful , the 
following  pages,  by  a vaft  variety  of  particulars,  abundantly 
manifeft.  Indeed ',  the  modern  philofophy , which  builds  upon  ex- 
periment Sy  is  wholly  applicable  to  the  purpofes  of  life  and  the  phe- 
nomena of  nature  ; and  feems  now  to  be  entirely  profecuted  in  that 
view  > whereby  it  is  advanced  far  above  all  the  fy (terns  that  went  be- 
fore it . 

Since  the  late  happy  conjunction  of  mathematics  and  philofophy > 
and  the  application  of  them  both  to  matter  and  the  bodies  about 
us,  many  noble  difcoveries  have  been  made , all  tending  to  enlarge 
the  underflanding  and  to  give  us  a command  over  nature . To 
this  end , the  induftry  of  the  moderns  has  made  ufe  not  only  of  la- 
ter inventions , but  alfo  of  thofe  of  the  ancients . Thus,  for  ex- 
amplej the  old  geometricians  demonftrated  abundance  of  fine  pro- 
perties in  the  ellipfts  and  the  parabola,  and  of  late  the  motions 
of  the  planets , comets  and  projeClils  are  demonftrated  to  be  per- 
formed in  thefe  lines : an  ufe  the  ancients  never  dr  earn'd  of ! By 
this  means , at  lengthy  a juft  theory  of  the  celeftial  bodies  is  efta - 
blifhed , and  the  whole  aftronomical  world  level d to  our  capacities . 
Hence  another  new  fcene  is  alfo  open'd , for  mathematicians , thus 
becoming  mechanics,  have  furnifh’d  us  with  numberlefs  new  mftru - 
ments  and  engines  for  various  ufes.  Microfcopes  and  telefcopes , 
unknown  to  the  ancient s}  are  now  commonly  applied  to  difcover  the 
wonders  of  nature , both  in  her  fmalleft  and  large  ft  productions  j 
and  fer  vice  able  machines  are  every  where  employ'd  to  fave  the  ex- 
pence of  animal  ftrength  ; models  and  imitations  are  made  of  na- 
ture's works , and  the  world  with  its  various  phenomena  clearly 
reprefented  in  miniature.  In  fhort,  philofophy  is  brought  down 
and  confin’d  to  material  objeCfs , and  fuch  things  as  we  know 
Vo  l.  I.  B to 
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to  have  a real  exigence ; which  is  now  allow’d  to  be  the  proper  and 
only  way  of  applying  and  improving  it.  And  in  this  fenfe  Mr.  Boyle 
mderflands  experimental  philofophy , and  treats  it  accordingly. 

If  any  thing  (ball  feem  liable  to  exception  in  the  following  piece, 
either  as  to  the  matter  or  the  Jlyle,  the  reader  is  defired  to  take  notice , 
that  Mr.  Boyle  wrote  a great  part  of  it  whilfihewas  very  young,  and 
the  whole  in  a familiar  epiflolary  way . 
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THE 

USEFULNESS 

O F 

! 'Experimental  Thilojophy  • 

By  Way  of 

EXHORTATION 

T O 

The  STUDY  of  it. 


In  T h r e e Parts. 


Part  I. 

Shewing  the  advantages  that  accrue  from  natural  phi- 
lofophy  to  the  mind  of  man. 


SECT.  I. 


AS  the  natural  philofophy  I wou’d  recommend  is  much  more  difficult, 

laborious  andexpenfive  than  that  of  Ariftotle  or  the  fchools,  ’tis  necefia-  0ur 
ry,  before  we  defcend  to  particulars,  to  apprize  the  reader  of  its  ability  into  nature  ' 
to  recompence  whatever  time  and  pains  can  be  thereon  beftow’d.  rewarded  by 

And,  methinks,  a due  refledtion  upon  that  faying  of  Pythagoras , the  author**  wreafeof 
of  the  modelt  title  philofopher,  “ to  know  the  truth,  and  to  do  good  are  Zd/powe? 

B 2 “ the  to  do  good. 
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“"  the  things  that  chiefly  enoble  man,  and  make  him  refemble  the  Gods”  might 
endear  the  fludy  of  philofophy  to  us.  For,  as  the  foul  is  endow’d  with  two 
principal  faculties,  the  underftanding  and  the  will,  the  former  whereof  is  adorn’d 
and  perfected  by  knowledge,  and  the  latter  improv’d  and  render’d  amiable  by 
goodnefs  *,  fo  nothing  more  gratifies  and  enriches  the  one,  or  more  enables  the 
other  to  do  good,  than  natural  philofophy. 

But  to  {hew  this  more  diftindly,  I fhal-l  here  confider  a few  of  thofe  nu- 
merous advantages  which  accrue  to  mankind  from  the  fludy  of  nature : the 
chief  whereof  tend  to  inftrud  the  underftanding,  to  gratify  our  curioftty,  and 
to  raife  and  cherifh  our  devotion. 

And  as  not  only  Arijlotk , but  common  experience  fhews,  that  all  men  are 
naturally  defirous  of  knowledge  * this  propenfity  muft  ftrongly  attach  us  to 
thofe  works  of  nature  which  are  ever  prefent  to  our  fenfes,  and  continually 
follicit  our  inquiries.  Even  the  fchool  philofophy,  though  fo  litigious  in  its 
theory  and  barren  of  fruit,  has  had  its  zealous  admirers  ; who  cou’d  furely  be 
render’d  fuch  by  nothing  but  this  in-bred  fondnefs  for  its  pretended  end  and 
objed. 

Again,  the  fame  author,  taught  by  Plato , obferves  that  admiration  by  railing 
our  curioftty  is  the  parent  of  philofophy ; as  we  live,  therefore,  among  wonders, 
they  muft  of  neceftity  ftrongly  invite  us  to  a contemplation  of  nature’s  works  ; 
fome  whereof,  being  obvious  and  legible,  amaze  an  ordinary  fpedator ; whilft 
others  are  adm  irable  and  abftrufe  enough  to  aftonifh  the  mold  curious  and  i nqu  ifi  ti  ve. 

The  bare  profped  of  this  magnificent  fabric,  the  univerfe,  furnifh’d  and  adorn’d 
with  fuch  a ftrange  variety  of  curious  and  ufeful  objeds,  might  tranfport  us  with 
joy  and  wonder,  did  not  their  commonnefs  prevent  fuch  an  effed.  That  this 
would  otherwife  happen,  appears  probable  from  what  Mr .Stepkins  the  oculift,  and 
another  illuftrious  eye-witnefs,  lately  told  me  of  a maid,  who,  being  born  with 
catarads,  continued  abfolutely  blind  till  about  the  age  of  eighteen  •,  but  being 
then  brought  to  the  free  enjoyment  of  fight,  file  was  fo  ravilh’d  upon  beholding 
the  many  new  prefented  objeds,  fo  tranfported  at  mold  of  them,  and,  in  a word 
fo  far  diftraded  as  to  explain  that  myftica \ Arabian  proverb,  “ Shut  the  windows 
“ that  the  houfe  may  be  light,” 

But  if  a flight  view  of  this  admirable  ftrudure  be  capable  of  pleafing  fo 
highly,  whatfatrsfadion  muft  it  afford  a fpedator  able  to  comprehend  and  relifh 
the  curious  workmanfhip  and  contrivance  of  it  ? For  the  book  of  nature,  I 
conceive,  appears  as  differently  to  an  ordinary  gazer,  and  to  a natural  iff,  as  an 
excellent  book  of  hieroglyphics  wou’d  toa  child  and  toaphilofopher  ; the  child 
wou’d  be  pleafed  with  the  oddnefs  and  variety  of  the  pidures  alone  \ whilft  the 
philofopher- wou’d  not  only  be  delighted  with  the  fame,  but  receive  a much 
higher  fatisfadion  in  contemplating  and  acquiring  the  veiled  and  abftrufe  truths 
that  were  dextroufiy  couched  therein. 

# For  as  the  underftanding  is  the  higheft  faculty  in  man,  fo  are  its  pleafuresthe 
higheft  he  can  naturally  receive.  I am  not,  therefore,  furprized  that  Archimedes , 
when  happening,  in  a bath,  upon  a way  to  folve  a perplexing  difficulty,  fhou’d 
inftantly  leap  out,  and  run  naked  about  the  ftreets,  crying  aloud,  “ I have  found 
n7  I have  found  it  nor  that  the  elder  Pliny  cou’d  not  be  deter’d  by  the 

diffiuafion 


The  Ufefulnefs  of  Philofophy.  5 

difluafion  oF  friends,  the  flames  and  hideous  eruptions  of  Vefuvius , from  fearching 
into  the  nature  of  fuch  Vulcanos , and,  as  it  happen’d,  from  lofing  his  life  by  too 
near  an  approach.  For,  in  like  manner,  we  daily  fee  chymids  hazard  their 
lives  among  their  furnaces,  whence  the  fumes  that  ififue  prove  fometimes  fatal. 

To  converfe  with  dead  and  putrid  carcafes  were,  one  would  think,  a fhocking 
and  odious  employment,  yet  fome  anatomifts  dote  upon  it : and,  I muft  own, 
its  ufefulnefs  has  greatly  enamour’d  me  withdifledion.  For  although  the  fine 
works  of  artificers  feldom  fail  to  draw  the  curious  and  raife  their  wonder;  and 
though,  in  my  travels,  I have  often,  with  difficulty,  purchafed  the  fight  of  a 
mader-piece  of  art  ; yet,  at  prefent,  a fkilful  difledion  wou’d  pleafe  me  better 
than  the  famous  clock  at  Strajhurgh.  So  tha tAriftotle,  in  my  opinion,  ads  like 
a true  philofopher,  when  dropping  the  confideration  of  the  fublimefl  natural  pro- 
ductions, hedefcends  to  record  the  homely  hiftory  of  animals:  “ We  come  now, 

“ fays  he,  to  the  nature  of  animals,  with  a refolution  to  comprize  all  we  can, 

“ be  it  bafe  or  noble.” 

’Tis  a farther  recommendation  of  natural  philofophy,  that  the  truths  it  teaches  Philofophy, 
highly  gratify  without  the  lead  difgufting  the  mind  ; being  fuch  as  confluence it gra- 
never  upbraids  us  with  in  the  enjoyment,  nor  turns  to  torments  afterwards. 

Neither  are  thefe  truths  obtain’d  by  that  low  kind  of  employment  which,  thp’not^W-  * 'but  is 
condemn’d  by  religion,  cannot  ftand  the  ted:  of  reafon  ; for  even  the  mod:  ra employment 
tional  and  dridly  virtuous  men  have  employ’d  themfelves  herein.  Pythagoras ^orth°f  lt> 
Democritus , Plato , with  numberlefs  others,  fam’d  for  wifdom,  thought  philofo- 
phy demanded  not  only  their  dudies  at  home,  but  travelling  to  the  eaflern 
countries,  where  it  was  bed:  taught,  in  order  to  obtain.  And  that  rigid  teacher 
Seneca , not  content  thro’  his  other  writings  frequently  to  extol  the  contempla- 
tion of  nature,  left  us  feven  books  upon  the  fubjed. 

How  far  religion  countenances  this  purfuit,  we  dial!  fee  hereafter  ; but  reafon 
tells  us  ’tis  worthy  of  a rational  creature  : fince  thofe  who  have  advanced  reafon 
to  the  greatefl  height,  have  been  herein  mod:  dudioudy  engaged.  Nay,  this  no- 
ble faculty,  confcious  of  its  own  abilities,  upon  due  application,  is  affronted 
when  not  thus  condderably  employ’d  ; whiid  we  become  guilty  of  our  own 
degradation, who  being furnifhed  and  placed,  as  we  find  our  felves,  regard  this  vad 
and  indrudlive  univerfe,  the  nobled  part  whereof  we  are  defigned  to  make,  as 
(lightly  as  fuch  animals  to  whom  lower  faculties  and  prerogatives  are  affign’d. 

Ariftotle  well  obferves,  that  “ Man  is  the  only  animal  of  an  ered  dature,  and 
“ that  becaufe  his  nature  participates  of  fomething  divine  ; the  properties  where- 
“ of  are  underdanding  and  wifdom.”  And  certainly,  it  ill  fuits  the  dignity  of 
fuch  a creature  to  live  in  ignorance  of  the  laws  of  that  great  common- wealth, 
the  wrorld,  whereof  he  is  the  mod  eminent  member.  Nay,  as  it  is  injurious,  fo, 
did  not  cudom  or  fenfuality  dupify  us,  it  mud  alfo  be  afflicting  to  a rational 
mind,  not  to  underdand  the  drudure  and  contrivance  of  the  body  wherein  it 
refides,  and  by  means  whereof  it  acquires  all  the  knowledge  it  has. 

Indeed,  the  generality  of  men,  how  indolent  foever,  come  by  the  fuperiority 
of  their  faculties,  which  enables  them  to  refled,  in  fome  degree,  to  know 
more  than  brutes  ; but,  if  contented  with  the  fird  appearances  of  things,  we 
rely  upon  our  nature,  without  the  help  of  indudry,  we  wilfully  lofe  the  nobled 

ufe 
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life  and  higheft  fatisfa&ion  of  our  reafon ; and  whoever  is  thus  wanting  to  him- 
felf,  may  be  faid  to  lead  the  life  of  a fpider  in  a palace,  who  takes  notice  of 
nothing  there  but  what  pafies  in  her  own  web. 

To  give  the  greater  fan&ion  to  philofophy,  it  may  be  obferv’d,  that  according 
to  Jofephus , Seth  and  his  pofterity  (tiled  the  Sons  of  God,  Arft  cultivated  aftro- 
nomy.  It  was  a general  tradition,  that  Abraham  firft  inftrudted  the  Egyptians 
both  in  aftronomy  and  philofophy  ; and  Berofus , as  cited  by  Jofephus , records 
him  to  have  been  (kill’d  in  the  fcience  of  the  ftars.  And  fpeakingfoon  after  of 
Abraham  and  the  Egyptians  A tis  faid  exprefly,  “ that  he  ingenuoufly  communi- 
“ cated  to  them  the  fciences  of  arithmetic  and  aftronomy  •,  for  the  Egyptians 
“ knew  nothing  of  either,  before  he  came  among  them.” 

But  to  put  it  beyond  queftion,  that  the  greateft  genius  need  notblufh  at  the 
ftudy  of  natural  philofophy,  Solomon  himfelf  mot  only  cultivated,  but  taught  it, 
and  left  behind  him  writings  on  that  head,  from  whence,  if  fome  Rabbies  fay 
true,  Arijlotle  borrowed  moft  of  his  choice  pieces  •,  tho’  the  originals  defcended 
no  lower,  left,  fay  the  Rabbi’s,  they  fhould  have  been  idoliz’d,  or  all  kind 
of  debauchery  committed,  in  hopes  that  the  difeafes  confequent  thereon,  might 
thence  have  beeneafily  remedied. 

From  the  entertainingvarietyof  nature’s  works, we  are  again  inftigated  to  their 
The  variety  of  contemplation ; for  whilft  moft  other  fciences  are  fo  limited,  that  one  of  thebeft 
™tttfe  excites  fyftems  thereof  will  ufually  contain  all  that  is  known  upon  each  head  ; the 
r c|3je(q:s  0p  natura]  philofophy,  being  as  numerous  as  the  laws  and  works  of  nature, 

are  fo  various,  that  the  age  of  Methujelah  would  fail  before  the  fubjedt.  Nay, 
fo  fertile  is  each  particular  objedt  of  a naturalift’s  contemplation,  that  feveral 
might  be  named,  to  difcover  all  the  ufeful  properties  but  of  any  one  in  the  num- 
ber whereof,  a Angle  life  wou’d  be  fufficient.  ’Tis  almoft  incredible  what  va- 
riety of  vegetables  the  earth  produces : botanifts  have,  long  ago,  enumerated  fix 
thoufand  •,  and  many  more  have  been  fince  difcovered.  I lately  had  a peculiar 
and  excellent  kind  of  pepper  fent  me  from  Jamaica , the  fhell  whereof  taftes  like 
cinnamon,  but  fmells  like  cloves  *,  a vegetable  unknown  to  the  botanifts  of  our 
country.  Whole  treatifes,  however,  have  appear’d  upon  Angle  plants.  Fhe- 
mifon , according  to  Pliny , publifhed  a volume  upon  plantain ; Amphilochus  one 
upon  trefoil  and  hadder;  and  king  Juba  another  about  a fpecies  ofwater-lilly. 
To  come  to  later  times,  Carolus Rofenbergius  wrote  abookuponRofes,and  Martinus 
Blochwitius  one  about  elder.  Among  the  chymifts  AngelusSala  publifh’dfeparate 
treatifes  of  vitriol,  tartar,  and  fugar.  Untzerus  too,  wrote  particular  tra&s  upon 
mercury,  fulphur,  and  fait  *,  as  did  alfo  Paracelfus  upon  St.  y^/z’s-wort,  arf- 
mart,  hellebore,  and  feme  other  plants.  Bafil  Valentine , a candid  chymift,  pub- 
lifh’d  an  excellent  treatife  of  antimony,  which  was  afterwards  improved  upon 
by  AngelusSala  \ nor  were  there  wanting  many  other  ufeful  treatifes  on  the  fame 
fubjeS,  to  conftrm  Bafil  Valentine’s  faying,  “ ’Tis  impoflible  for  one  man  to 
“ difcoverallthat  isdifcoverablein  antimony.”  As  a farther  conflrmation  where- 
of, I,  my  felf,  lately  directed  the  drawing  of  anadhjal  quickfilver  of  antimony, 
very  different  from  any  I had  before  met  with.  I have,  likewife,  a peculiar 
v/ay  of  feparating  from  this  drug  a combuftible  body  that  is  fcarce  diftinguifh- 
able  from  common  brimft'one ; and  gain  a menftruum  by  diftilling  French 

verdi- 
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verdigreafe  in  a ftrong,  naked  fire,  which  makes  a blood -red  tinfture  of  die  glafs 
of  antimony  much  more  expeditioufly  than  that  ufed  by  Valentine  and  his  follow- 
ers. This  menftrum  alfo  being  drawn  off,  leaves  a calx  that  will  yield  a red 
tindlure  withfpirit  of  wine. 

When  chymifts  expofe  feveral  confident,  but  not  fixed  bodies  to  the  adtion 
of  the  fire,  they  ufually  do  it  in  veffels,  either  open,  as  when  they  make  calx, 
or  glafs  of  antimony,,  or,  at  leaft,  in  fuch  as  are  not  fo  clofe,  but  that  air  is 
included  with  the  matter ; and  tho*  they  regard  not  this  included  air,  becaufe 
ufually  there  is  not  much  of  it  in  the  veflel,  yet  it  may  have  a confiderable  in- 
fluence on  the  effedts  of  the  fire  ; not  only  as  it  contributes  to  the  afcent  and 
fuftentation  of  the  diflipated  parts  of  the  mineral,  but  as  it  affords  thefe  corpufcles 
opportunity  to  fly  about  in  it,  and  thereby  to  make  affociations  or  coalitions 
and  concretions  that  otherwife  would  not  be  produc’d.  Upon  this  account,  it 
may  often  be  of  ufe  to  employ  a method,  to  fecure  the  body  expos’d  to  the 
adtion  of  the  fire,  from  the  contadt  of  the  air  *,  whereby  the  parts  of  the  body, 
and  perhaps  the  igneous  corpufcles,  will  be  reduced  to  adt  reciprocally  upon  one 
another,  without  caufing  any  confiderable  diflipation,  or  avolation  of  parts. 

To  apply  this  to  antimony,  we  take  of  that  mineral  well  powder’d,  and 
of  white  chalk  welldry’d,  reduc’d  likewife  to  powder;  with  thefe  in  a large  earth- 
en pot  or  crucible,  we  make  feveral  layers,  leaving  the  lower  and  uppermoft  bed 
of  chalk,  and  the  laft  thicker  than  any  of  the  reft ; and  taking  care  that  none  of 
the  layers  of  antimony  are  too  thick,  that  the  heat  may  penetrate  them  the  bet- 
ter ; we  cover  the  veflel,  put  it  among  the  kindled  coals  of  a digeftive  furnace, 
and  there  keep  it  for  a competent  time  ; which,  according  to  the  bignefs  of  the 
pot  and  the  ftrength  of  the  fire,  maybe  a day  and  a half,  and  fometimes  above 
two  days. 

But  to  proceed,  the  learned  Kircher  has  given  us  a folio  volume  of  light  and 
fliadows,  and  a quarto  upon  the  load-ftone  ; yet  our  Gilbert ^ and  fince  him  Cabeus 
wrote  on  the  fame  fubjecft ; which  tho’  Kircher  has  more  lately  profecuted  in  a 
voluminous  work,  I am  of  opinion  there’s  room  enough  left  for  farther  improve- 
ment; having  my  felf  very  lately  made  a remarkable  experiment  with  that  won- 
derful ftone. 

Even  the  fmalleft  productions  of  nature  may  folicit  and  reward  our  enquiries, 
Pliny  treating  of  infects,  is  tranfported  with  admiration  at  the  workmanfhip 
fhewn  in  them:  44  The  contrivance  of  nature,  fays  he,  is  nowhere  more  con- 
44  fpicuous  or  more  vifibly  collected  than  in  thefe  minute  creatures.”  And  after 
this  he  handfomely  admonifhes  his  reader,  that  no  fubiect  of  natural  knowledge 
is  contemptible  or  luperfluous.  From  confidering  the  fkinon  the  foie  of  the  foot, 
Galen  admired  the  wifdom  of  God  ; and  he  excellently  laid,  44  tho’  fome  creatures 
44  feem  made  of  coarfejr  materials  than  others,  yet  the  maker’s  art  fhines  through 
44  thedefpicablenefsof  the  vileft  matter  : the  ignorant  indeed,  admire  the  beauty 
44  of  the  materials,  but  artifts  are  ftruck  with  the  workmanfhip  of  things.”  And 
Ariftotle  coming  to  treat  of  the  parts  of  animals,  prevents  his  reader  from  thinking 
themeannefs  of  the  fubjedHhould  render  it  defpicable.  Nay,  the  haughty  Paracelfus 
condefcended  to  write  a book  about  the  myfteries  of  worms,  wherein  he  juflly 
reprehends  the  lazinefs  and  pride  ofthofe  phyficians  44  who  neglecft  and  contemn 
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“ all  inquiries  into  nature,  and  receive  the  fruits  thereof  from  others  with  fcorn 
“ and  derifion,”  he  adds,  “God  has  created  nothing  fo  vile  or  defpicable  that  may 
“ not  turn  to  the  ufe  of  man.”  And  certainly  whatever  God  has  thought  fit 
to  make,  we  fhould  not  think  unworthy  to  know  ; for  a human  mind  cannot 
be  debafed  by  a notion  of  what  was  form’d  according  to  a divine  idea  : and 
therefore  Solomon  treated  as  well  of  reptils  as  of  nobler  animals,  as  well  of  the 
ezob  on  the  wall  as  the  cedars  of  Lebanon.  And  durft  I propofe  my  own  adtions 
for  examples,  I fhou’d  fay,  tho’  my  condition,  God  be  praifed,  enables  me  to 
make  experiments  by  other  hands,  yet  have  I never  refus’d  to  diffedt  any  kind 
of  animals,  nor  in  my  laboratory  to  handle  lute  and  charcoal. 

But  farther,  philofophy  is  not  only  delightful  as  it  brings  us  acquainted  with 
nature,  but  alfo  as  it  often  inftrudts  us  to  command  her ; for  the  naturalifl 
knows  many  things  of  which  others  are  ignorant,  and  performs  what  they  can- 
not ; becaufe  he  not  only  underftands,  but  in  fome  meafure,  imitates,  multiplies 
and  improves  feveral  of  her  extraordinary  works.  And  how  naturally  we  affedt 
the  ufe  of  this  power  may  be  feen  in  children,  who  from  a feeming  innate  pro- 
penfity,  delight  in  endeavouring  to  change  the  produdtions  of  nature.  And  fo 
•extenfive  is  the  naturalift’s  power,  tho'  he  cannot  produce  one  atom  of  matter, 
that  he  can  introduce  numberlefs  forms,  and  work  furprizing  changes  among 
bodies : fo  that  were  Adam  to  revive  and  furvey  that  vaft  variety  of  man’s 
produdtions  to  be  found  in  our  fhops  and  magazines,  he  would  admire  to  fee 
what  a new  world  had,  by  the  induftry  of  his  pofterity,  been  added  to  the 
old  one. 

’Tistrue,  indeed,  man  is  but  the  minifterof  nature,  and  does  no  more  than 
apply  agents  to  patients,  yet  by  his  fkill  in  fuch  application  he  gains  dominion 
over  creatures  otherwife  much  ftonger  than  himfelf ; and  can  even  perform 
fuch  things,  as  to  another  man  fhall  appear  aftonifhing.  Thus  the  poor  Indians 
thought  the  Spaniards  more  than  men,  becaufe  their  knowledge  of  gun-powder 
enabled  them  to  thunder  and  lighten  deftrudHvely.  And  this  empire  of  man 
over  the  creatures  may  to  a found  philofophical  mind  prove  more  fatisfadlory 
than  that  for  which  bloody  contefts  frequently  arife  *,  for  the  latter  being  only 
a gift  of  nature,  or  a prefent  of  fortune,  and  often  the  purchafe  of  crimes,  argues 
no  real  fuperiority  in  the  poffeiTor  ; but  the  latter  is  a power  becoming  man 
as  man.  Perhaps  alfo,  the  furprizing  things  perform’d  by  an  ingenious  man 
gives  him  a higher  fatisfadtion  as  being  proofs  of  his  knowledge,  than  as  they  are 
inftances  of  his  power  or  means  of  increafing  his  wealth. 


sect.  ii. 


IV!: ether  phi- 
lofophy leads  to 
atheifmp 


ANother  advantage  of  philofophy,  we  faid,  was  the  raifing  and  cherifhing 
our  devotion.  But  many  eminent  divines,  it  feems,  out  of  an  ho  y jea- 
loufy  for  religion,  reprefent  this  ftudy  as  unbecoming  a chriftian,  and  leading 
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to  atheifm ; “ becaufe,  fay  they,  by  enabling  men  to  account  for  all  fur- 
c<  prizing  appearances  from  fecond  caufes,  it  brings  them  todifbelieveafirft 
which  objection,  were  it  well  grounded,  wou’d  caufe  me  to  condemn  what 
I am  now  recommending  : for  I had  much  rather  have  men  chriftians,  and 
ignorant  of  nature’s  myfteries,  than  philofophers,  and  deny  the  author  of 
nature.  Now,  tho’  a well-meant  zeal  may  defend  the  perfons  of  thefe 
gentlemen  i yet  their  dodtrine  has  too  bad  a tendency  to  be  left  unanfwer’d. 

But  not  to  mix  too  much  divinity  with  a philofophical  difcourfe,  I fhall 
here  only  give  the  heads  of  a reply. 

And  firft,  tho’  it  were  prefumption  in  man,  “ who  is  but  of  yefterday,”  Twopn\ipai 
to  pretend  to  affign  all  the  ends  of  God  in  the  work  of  creation  •,  yet  furely  dftg*!S  d C;f{ 
it  may  humbly  be  fuppofed,  that  two  principal  defigns  of  his  creating  this  ^ 

fyftem,  were  the  manifeftation  of  his  own  glory  and  the  good  of  mankind  •, 
becaufe  facred  writ,  in  abundance  of  paflages,  allures  us  of  the  former  ; 
not  to  mention  heathen  authorities.  And  that  none  of  God’s  works  might 
want  intelligent  fpedtators,  tho’  man  was  not  formed  till  the  fixth  day,  the 
angels,  as  ’tis  generally  fuppofed,  were  created  on  the  firft.  The  other  de- 
fign  appears  from  the  time  of  man’s  creation,  which  was  kindly  deferred 
till  all  things  were  prepared  for  his  reception  *,  from  the  commiffion  given 
him  “ to  replenifh  the  earth  and  fubdue  it  *,”  by  the  placing  of  noble  lu- 
minaries “ to  give  light  upon  the  earth,  and  divide  between  the  day  and 
“ the  night  *,”  the  fame  is  alfo  farther  confirmed  by  other  texts  of  fcrip- 
ture.  And  accordingly  God  caufed  the  fun  to  (land  flill  at  one  time,  to  go 
back  at  another,  and  has  frequently  either  iufpended  or  alter’d  the  laws  of  other 
parts  of  the  univerfe,  for  the  inftrudtion,  or  benefit  of  man.  On  the  o- 
ther  hand,  upon  Adam’s  tranfgrefiion  the  ground  was  immediately  “ cur- 
fed  for  his  fake  even  the  face  of  the  earth  was  deftroy’d  for  the  fins  of  So- 
dom *,  and  the  other  animals  as  well  as  men  perifhed,  in  the  deluge.  So  alfo 
“ in  the  lafl  days,  when  the  earth  fhall  be  replenifhed  with  fcoffiers,”  unex- 
pedted  flames  will  either  deftroy  or  transform  the  world. 

The  fame  is  evident  alfo  from  reafon  *,  for  as  in  this  vifible  world,  man 
alone  is  capable  of  enjoying  many  of  the  other  creatures  *,  and  of  difcer- 
ning  the  excellence  of  the  Creator  in  them  ; ’tis  plain  they  were  made  for 
man.  ’Tisnotfor  themfelves  that  rubies  flame  or  diamonds  fparlde;  that  be- 
zoar  is  antidotal,  or  that  trees  are  yearly  exhaufted  in  profufion.  That  light 
the  fun  around  diflufes,  is  ufelefs  to  himfelf,  an  inanimate  Being  ; but  en- 
titles him  minifter  to  the  fyftem.  Animals  alone,  among  the  creatures,  have 
a fenfe  of  their  own  exiftence,  and  of  thefe,  only  man  acknowledges  all  the 
reft  to  be  the  gift  of  God,  and  glorifies  him  for  them  ; a truth  acknowledg’d 
by  Chriftians , Jews,  and  Heathens . The  inference  I wou’d  make  from  all 
which  is,  that,  whoever  deters  men  from  ftudying  nature  ; wou’d  fruftrate 
God  of  the  above-mentioned  ends  of  creation.  For  befides  that  the  cor- 
poreal delight  and  advantage  we  are  capable  of  receiving,  muft  be  greatly 
obftrudted  thro’  ignorance  of  natural  philofophy,  as  will  hereafter  be  made 
evident*,  our  fpiritual  happinefs  depending  upon  religion,  the  greateft  be- 
nefit we  can  receive  from  the  things  of  this  world,  is  their  increafing  and 
cherifhing  this  grand  principle,  and  thereby  rendering  us  .acceptable  to 
Vo  l.  I.  C God  j 
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God  •,  and  both  thefe  effe&s  they  were,  doubtlefs,  defign’d  to  have  on  us. 
For  to  fuppofe  innumerable  creatures  fent  into  the  world  only  to  feed  and  pleafe 
mankind,  but  not  to  afford  them  any  inftrudtion,  is  like  imagining  a prudent 
merchant  would  furnifh  his  friends  with  numberlefs  curiofities  and  neceffa- 
ries  for  a voyage,  without  allowing  them  the  ufe  of  a fea-chart  or  compafs. 

Moreover,  God  himfelf  lays  us  almoft  under  a necefiity  of  enquiring  in- 
to his  works.  The  book  of  Genefis  begins  with  a defcriprion  thereof,  and 
defcends  to  a detail  of  each  day’s  proceedings  in  the  creation  *,  and  tho*  the 
feripture  ufually  condefcends  to  the  conceptions  of  the  vulgar,  yet  the  two 
firft  chapters  of  Genefis  perhaps  afford  finer  hints  of  natural  philofophy 
than  men  are  hitherto  apprized  of*.  ' Befide,  there  are  many  texts  in  fa- 
cred  writ  unintelligible  without  a previous  knowledge  in  natural  philofophy. 
Many  paffages  therein  allude  to  the  properties  of  animals,  as  that  precept 
of  our  Saviour,  “ be  ye  wife  as  ferpents  and  harmlefs  as  doves.”  And  fo 
neceflary  has  natural  knowledge  been  thought  to  illuftrate  texts  in  feripture, 
that  abundance  of  learned  men  have  publifhed  whole  treatifes  of  the  ani- 
mals, ftones,  and  other  works  of  nature  mentioned  in  that  book.  Nor 
fhou’d  the  theme  be  difeontinued,  for  there  remain  many  paffages  of  it  not 
to  be  underflood  without  penetrating  deep  into  nature’s  myfteries. 

The  attributes  But  to  come  to  the  attributes  of  God,  manifefled  in  his  creatures  ; the 
ofGodmanifefi  moft-  c0nfpicu0us  are  his  power,  his  wifdom  and  his  goodnefs  *,  and  the 
\”res‘s  crea‘  fame  may  alfo,  tho*  differently  and  more  obfeurely,  be  found  in  the 
Bible.  How  eminently  is  the  firft  of  thefe  difplay’d  in  making  all  things 
out  of  nothing  •,  and,  without  materials,  raifmg  this  immenfe  fabric,, 
whofe  dimenfions  are  fo  prodigious,  that  even  a mathematical  demonftra- 
tion  can  hardly  render  them  credible  ? To  pafs  by  elephants  and 
whales,  mountains  and  feas,  as  inconfiderable  objedls,  the  globe  we  inha- 


* Thefe  hints  feem  to  have  been  well  confi- 
dered  and  employ’d  by  the  Rev  Mr.  Whijlon , 
who,  from  them  and  the  Newtonian  fyftem  of 
philofophy,  has  nobly  attempted  to  give  a rati- 
onal and  philofophicai  account  of  the  creation, 
in  agreement  with  the  Mofaic  Wx^ory  of  it.  This 
author  firft  fuppoles  that  the  Mofaic  creation  is  a 
bare  hi  itorical  narrative  of  nothing  but  the  for- 
mation of  the  earth  out  of  a chaos,  and  of  the 
fucceftive  vifible  changes,  each  day  made  therein, 
till  it  became  a fit  habitation  for  mankind  ; and 
that  this  hiftory  is  to  be  underftood  in  the  ob- 
vious literal  fenfe,  unlefs  where  an  evident  rea 
fon  can  be  given  for  the  contrary.  He  then 
proceeds  to  fhew,  that  the  rudiments  of  the 
earth  were  the  atmofphere  of  a comet  ; that 
the  annual  motion  of  the  earth  commenced  at 
the  beginning  of  the  Mofaic  creation,  but  its  di 
urnal  rotation  not  till  after  the  fall  of  man  ; that 
the  orbit  of  the  earth  was  a perfeCl  circle  be- 
fore the  deluge  ; that  all  the  fmall  bodies  which 
compofe  the  earth,  being  originally  in  a mixed 
confufed  fluid  ftate,  were  the  chaos ; that  the 
upper  regions  thereof,  before  the  beginning  of 


the  Mofaic  creation,  were  involved  in  a thick 
darknefs,  which  diftipated,  by  degrees,  as  the 
parts  of  the  chaos  iubfided,  according  to  their 
fpecific  gravity.  The  firft  day’s  work  was  accor- 
ding to  our  author  the  production  of  light,  or  the 
fucceftive  arrival  of  fome  of  the  fun’s  rays  to  all 
the  parts  cf  the  earth  ; on  the  fecond  day  the  air 
with  its  vapour  was  elevated  and  fpread  out  a- 
bove  the  earth  ; on  the  third  the  inferiour  wa- 
ters were  collected  into  feas,  whence  the  dry  land 
appear’d  with  its  vegetable  productions,  the  va- 
pour in  the  air  being  fufhciently  rarify’d  : on  the 
fourth  the  celeftial  bodies  became  vifible.  And 
now  the  terraqueous  globe  being  habitable,  fifh 
and  fowl  were  produced  on  the  fifth  day,  land- 
animals  on  the  fixth  ; and  laltly  man  But 
Mr.  Whijlon  will  not  allow  the  earth  to  be  fo 
hafty  a production  as  is  ufually  fuppofed  ; for  he 
endeavours  to  fhew,  that  as  at  firft,  it  had  no  di- 
urnal rotation  ; fo  what  Mofes  calls  days  were 
in  reality  years.  The  reader,  who  defires  far- 
ther fatisfaCtion,  may  confult  the  fecond  edition 
of  Mr-  Whijlon' s New  Theory  of  the  Earths 
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bit,  though  by  the  common  computation,  no  leis  than  22,600  Italian  miles 
in  circumference,  is  but  a point  compared  to  the  firmament;  as  we  learn  from 
the  parallax  of  the  fix’d  ftars.  And  according  to  Ptolemy , the  f un  is  not  only 
166  times  bigger  than  the  earth,  tho*  the  diftance  between  them  be  1 165  of 
the  earth’s  femidiameters ; that  is,  by  Gaflendus's  computation, fo  many  times 
4177  miles  ; but  alfo  that  the  fmalleft  fix’d  ftars  are  conjedtured  to  be  18, 
and  the  largeft  108  times  bigger  than  the  earth.  The  Copernicans  carry  their 
computations  higher,  for  Philippus  Lanjbergius  fuppofes  the  earth’s  orbit, 
the  femidiameter  whereof  is  computed  1500  times  bigger  than  the  earth’s, 
to  be  but  a point  in  regard  of  the  fix’d  ftars,  which  he  takes  to  be  remov- 
ed from  the  earth  42,000,000  of  its  femidiameters,  or  175,434,000,000 
miles  ; a furprizing  diftance  * ! And  tho’  we  allow  for  inaccuracies,  and 
the  differences  of  obfervations,  whence  fuch  computations  are  made ; yet 
as  the  fix’d  ftars  are  perhaps  placed  fuch  different  diftances  from  the  earth, 
that  tho’  they  appear  different,  yet  they  may  all  be  equal  in  magnitude,  the 
earth  can  be  but  a point  in  refpe<5t  to  the  heavens. 

The  next  attribute  of  God,  his  wifdom,  fhines  foftrongly  in  his  creatures,  His  < wifdom . 
that  an  intelligent  fpe&ator,  confidering  them  in  any  determin’d  view,  cannot 
fail  to  difcover  it.  So  endlefs  a multitude  and  variety  of  birds,  beads,  fifhes, 
reptils,  herbs,  fhrubs, trees,  ftones,  metals,  minerals,  ftars,  &c.  each  whereof  is 
perfectly  enabled  to  anfwer  the  ends  of  its  creation,  befpeak  a wifdom  infi- 
nite, and  extort  the  exclamation  of  the  Pfalmift,  “ How  manifold  are  thy 
“ works,  O Lord  ; in  wifdom  haft  thou  made  them  all.”  And  how  highly 
foever  fome  naturalifts  may  value  themfelves,  yet  the  utmoft  they  can  do,  is 
tounderftand  and  applaud,  without  rivalling,  the  works  of  the  Almighty. 

For  as  a novice,  when  a curious  watch  is  taken  to  pieces  before  him,  may 
difcern  the  excellence  of  the  contrivance,  without  being  able  to  make  fo  ar- 
tificial a machine  ; fo  the  anatomift,  by  frequent  diftedtions,  learns  the  ad- 
mirable ftrudture  and  ufe  of  the  parts  of  a human  body,  tho’  he  cou’d  not 
before  devife  how  all  the  animal  functions  might  fo  well  be  perform’d. 

Thus,  late  experiments  having  fhewn  the  ufe  of  the  blood’s  circulation,  and 
of  the  valves  in  the  heart  and  veins,  (which  the  famous  Dr.  Harvey  told  me, 
gave  him  the  firft  hint  of  his  grand  difcovery)  we  at  length  acknowledge  the 
wifdom  of  the  contrivance,  after  it  had  efcaped  the  fearch  of  many  pre- 
ceding ages. 


* In  the  year  1720.  M.  CaJJini,  by  the  com- 
mand of  the  King  of  France,  exactly  meafured  fe- 
ven  degrees  and  a half  on  the  earth’s  furface, 
whereby  he  found,  fuppofing  the  earth  to  be  a 
fphere,  one  degree  to  contain  343,752  French 
feet  ; which  agrees  as  exadlly  as  cou’d  well  be 
expe&ed  with  the  former  menfuration  made  by 
M.  Picart , whereby  there  are  allow’d  342,360 
feet  to  a degree;  and  with  that  of  Mr.  Nor- 
wood, which  afligns  367,196  Englijh  feet 
to  the  fame.  Hence  the  circumference  is 
j 23,750, 7 20  French  feet;  and  fuppofing  the  earth 
fphere,  its  diameter  39,391,077  feet.  But  the 
earth  being  higher  at  the  equator  than  at  the 
poles,  Sir  lfaac  Newton  makes  its  greateil  fe 
midiameter  19,767,630,  and  its  leaft  19,609,820 


French  feet.  The  proportion  of  the  Eng- 
lijh foot  to  the  French , is  nearly  as  fifteen  to 
fix  teen.  See  Newton  Princip.  Edit.  2.  p. 
37^*387 .Memoir,  de  l Acad.  Roy,  Ed.  Amjl  A. 
1701.  The  diftance  of  the  earth  from  the  fun 
is  now  computed  at  81, coo, coo  miles;  and 
the  modern  aftronomers  allow  the  fun  to  be  in 
magnitude  900,000,  and  in  quantity  of  matter 
230,000  times  bigger  than  the  earth.  The 
fixed  ftars  are  each  luppofcd  the  fun  of  a fyftem 
like  this  of  ours ; and  fuppofing  their  paral- 
lax 45",  to  be  diftant  from  the  fun,  about 
700,000,000,000  miles.  See  Huygen.  Cofmoth • 
p 14.  135.  Newton , Princip.  p.  482.  and  Phi - 
lofoph.  Franfatt.  N°.  209.  p.  10 1. 
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And  tho’  God’s  greater  works  declare  his  great  power  and  wifdom,  yet  the 
latter  is  no  lefs  manifeft  even  in  the  fmalleft  creatures.  For,  as  the  skilful 
Protagoras , by  the  extreme  neatnefs  and  almoft  undifcernible  finenefs  of  a 
ftroke,  difcover’d  it  to  come  from  the  hand  of  Apelles  •,  fo  God  in  thefe  mi- 
nute creatures  often  draws  traces  of  omnifcience  too  delicate  to  be  afcribed 
to  any  other  caufe.  Elephants  to  me  appear  lefs  admirable  than  moles,  whofe 
eyes  are  manifeftly  defign’d  to  fee  only  the  light,  not  other  obj e6h,  by  its 
means  ; and  whofe  feet  are  adapted  to  dig  themfelves  a way  under  ground. 
And  however  meanly  the  vulgar  may  think  of  fome  minute  creatures,  my 
curiofity,  I own,  determines  me  to  the  fmaller  kind.  A gentleman,  return’d 
from  Jamaica , told  me  he  had  feen  in  that  ifland  a great  number  of  trees, 
which  bear  the  filk-cotton,  and  found  many  of  them  to  furpafs,  in  bulk  and 
height,  the  larger  fort  of  our  Englijh  oaks  •,  and  that  on  a mountain,  which 
many,  out  of  curiofity,  went  to  vifit,  he  faw  a ftupendous  filk-cotton  tree, 
that  was  twenty  one  yards  circumference  in  the  body.  The  lame  perfon  af- 
fured  me  he  faw  a cannow  made  of  the  hollow  trunk  of  one  of  thefe  trees, 
which,  after  all  that  had  been  taken  off  to  give  it  the  fhape  of  a velfel  fit  for 
fervice,  was  thirty  feet  about,  and  of  a proportionable  length.  But  the  hum- 
ble fenfitive  plant  and  abjedt  load-ftone,  delight  me  more  than  lofty  oaks  or 
monftrous  rocks.  An  ant-hill  has  given  me  more  pleafure  than  the  Alps ; which 
lefifens  my  admiration,  that  the  ant  was  an  objedl  of  Solomon's  contemplation. 
The  filk-worm  raifesmy  wonder  more  than  thofeoutlandifh  monfters,  which 
multitudes  flock  and  pay  to  fee.  ’Tis  true,  feas  and  mountains,  with  other 
immenfe  productions  of  nature,  proclaim  God’s  power  •,  but  the  curious  con- 
trivance of  fome  animals,  fo  fmall,  that  theyfeem  all  workmanfhip,  demon- 
ftrates  his  wifdom  no  lefs  than  thofe  *,  fo  that  not  only  “ his  greatnefs,  but 
<c  alfo  his  underftanding  is  unfearchable.”  Add  to  this,  the  inconceivable 
variety  there  is  of  animals,  in  whofe  contrivance  the  greatFormer  of  all  things 
has  difplay’d  an  almoft  equal  fkill.  Such  reports  are  given  us  of  the  immenfe 
bulk  of  elephants,  that  they  feem  incredible.  Gajfendus  tells  us  of  one  in  the 
year  1631  that  weigh’d  near  5000  Roman  pounds,  of  twelve  ounces  each; 
which  appears  probable  from  the  bignefs  of  fome  elephants  teeth ; one  of 
which,  according  to  Linfchoten , will  weigh  200  pounds,  tho’  each  pound  con- 
fift  of  twenty  four  ounces.  On  the  other  hand,  not  to  mention  that  animal, 
bred  in  wax,  fuppofed  by  Arifiotle  the  leaft  in  nature ; compare  a cheefe- 
mite  of  near  a grain  in  weight,  tho’  feveral  together  will  fcarce  equal  that, 
to  the  fmall  elephant  abovemention’d,  and  you’ll  find  him  exceed  the  mite 
near  28,800,000  times.  Notwithfianding  this,  the  limbs,  and  even  the  hairs 
growing  on  the  legs  of  this  minute  creature,  have  thro’  a micro fcope  ap- 
pear’d difiindlly  to  my  felf  and  others.  Confider  now,  what  delicate  fkill  it 
requires  to  contract  into  fo  fmall  a compafs  the  numerous  parts  of  this  little 
creature  ; to  aflign  the  proper  number  of  them  to  its  eyes  and  other  organs  of 
fenfe;  to  its  head,  fiomach,  and  inteftines,  &c.  and  how  exceeding  fub- 
tile  that  nervous  fluid  muff  be  which  moves  fuch  little  limbs.  But  farther 
ftill  •,  as  we  have  found  thefe  fmall  creatures  to  be  hatch’d  from  eggs,  if  the 
procefs  imitates  that  of  chickens,  how  very  minute  muft  be  their  recently 
animated  parts ; for  in  the  eggs  of  hens, I have  feen  the  limbs  of  the  live  chick 

clearly 


1 3 


‘ The  Ufefulncfs  of  Philofophy. 

clearly  delineated,  whilft  it  kept  fo  dole  between  the  white  and  the  yolk, 
where  ’tis  generated,  that  they  both  appear’d  entire,  and  included  in  their 
refpedlive  membranes.  ’Tis  furprizing  what  vadly  diiproportionate  maflfes 
of  matter  God  has  form’d  into  living  creatures.  To  pals  by  other  accounts 
of  whales,  Jo.  Faber  Lynceus  faw,  in  the  year  1624,  a dead*  one,  thrown  up 
near  Santa  Sever  a,  about  thirty  miles  from  Rome , that  menfured  ninety  one 
palms  in  length,  and  fifty  in  thicknefs  *,  with  a mouth  ratable  of  admitting  a 
man  on  horfeback,  and  a tongue  the  length  of  twenty  palms.  He  adds,  that 
four  years  before  this,  there  was  another  thrown  on  the  ifland  Corfica , near  the 
coad  of  Italy  ,an  hundred  feet  long,  big  with  a cub  of  thirty  feet,  that  weigh’d 
1500  pounds.  But  to  fhew  the  difproportion  between  this  kind  of  fifh  and 
common  elephants,  Ci  the  folid  fat,  alone,  of  the  whale  weigh’d,  fays  ourau- 
“ thor,  135,000  pounds,”  that  is,  twenty  feven  times  more  than  the  whole 
elephant  mention’d  by  Gajfendus . And  as  the  creator  has  made  fifh  of  fuch  an 
enormous  fize,  that  the  ocean  feems  only  a fuitable  pond  for  them ; he  hasalfo 
framed  others  that  live  in  fluids,  fo  inconceivably  fmall,  that  many  thoufands 
of ’em  will  not  amount  to  a grain  in  weight.  For  by  the  help  of  a good  micro- 
fcope,  comparing  one  of  thofe  creatures  found  in  vinegar,  with  a cheefe-mite, 
we  thought  the  fifh  almofl  as  (lender  as  one  of  the  legs  of  the  mite.  Confi- 
dering,  therefore,  what  a vad  quantity  of  matter  the  creator  can  fafhion  into 
a whale,  and  in  how  little  compafs  he  can  contrive  all  the  parts  that  condi- 
tute  a fifh,  we  mud  fay  with  the  Pfalmift , 46  there  is  none  like  unto  thee, 

44  O Lord,  neither  are  there  any  works  like  unto  thy  works.” 

The  third  attribute  of  God  manifeded  in  the  creation,  is  his  goodnefs ; His  goodnefs. 
whereof  every  creature  partakes,  both  in  its  fird  exidence,  and  prefervation  of 
its  date,  till  fome  higher  end  calls  for  its  diflolution.  But  this  goodnefs  is 
chiefly  confpicuous  in  animals, who,tho’  fome  of  ’em  don’t  more  acknowledge, 
are  yet  more  capable  of  enjoying  his  bounty,  than  inanimate  beings.  For, 
omitting  that  God,  in  fcripture,  is  Ailed,  44  the  preferver  both  of  man  and 
bead  and  that  he  is  faid  “ to  give  food  to  the  young  ravens,”  what  ex- 
cellent provifions  are  made  to  continue  the  various  and  numberlefs  fpeciesof 
living  creatures  ? In  a more  particular  manner  does  the  goodnefs  of  God  appear 
towards  man,  whom  he  has  honoured  with  his  image,  and  placed  over  mod 
other  vifible  creatures,  which  either  by  his  fuperior  power  or  knowledge,  are 
render’d  ferviceable  to  him  ^ even  the  vadceledialbodies,  tho’immenfelydif- 
tant  from  us,  are,  by  mathematical  (kill,  brought  to  ferve  our  purpofes*,  as  to 
meafure  time,  and  fhew  the  longitudes  of  places.  The  dars  afford  us  light ; we 
breathe  the  air,  and  receive  the  benefits  of  fire  both  in  the  kitchen  and  the  labo- 
ratory : the  earth  fupports  our  buildings,  the  clouds  water  our  land,  the  fea  and 
winds  convey  our  fhips  toremoted  regions,  and  return  them  fraught  with  all 
the  choicefl  produ&ions  of  art  and  nature  ; beads  innumerable  are  dedin’d 
to  feed,  to  cloath  and  carry  us  *,  flowers  and  jewels  to  delight  and  adorn  us ; 
fruits  to  fuflain  and  refrefh  us  * dones  and  timber  to  lodge  us,  and  fimples 
to  cure  our  difeafes  •,  in  a word,  the  whole  world  is  only  our  magazine ; 
and  nature  feems  wholly  employ’d  to  accommodate  and  delight  us.  For, 
perhaps,  there’s  not  a plant  or  animal,  a metal  or  a mineral,  of  all  that  infi- 
nite number  we  poffefs,  how  defpicable  foever  it  may  feem,  which  might  not, 
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by  a knowledge  of  its  nature,  become  ferviceable  to  man.  The  fparkling 
diamond  yields  in  virtue  to  the  dull  load-ftone,  that  author  of  commerce  to 
many  regions  of  the  world  ; the  lion,  the  eagle,  and  the  whale  are,  together, 
lefs  ufeful  than  that  mean  infedl  the  filk-worm.  And  to  regard  the  intrinfic 
value  of  things,  and  their  medicinal  virtues,  doubtlefs,  we  trample  upon 
many,  that,  did  we  know  their  ufes,  might  ferve  the  nobleft  ends.  For 
certainly,  all  the  properties  of  concretes,  and  virtues  of  common  fimples  are 
not  hitherto  known  •,  fince  new  difcoveries  are  daily  made  herein.  What  a 
large  collection  of  this  kind  does  America  afford  us  ? “ Many  excellent  trees 
“ and  fhrubs,  fays  Pifo , befides  plants  without  number,  are  here  ufually 
“ very  different  in  their  form,  leaves  and  fruits  from  thofe  of  the  old  world: 

“ and  the  lame  holds  good  of  birds,  beafts,  filh  and  infedls.”  And  to  give 
a fignal  inltance  of  the  latent  powers  in  American  fimples  ; how  very  effec- 
tual has  the  Peruvian  bark  been  lately  found  both  at  Rotne  and  London  againft 
quartan  agues  ? For  tho’  this  medicine  be  depreciated  by  fome,as  being  rather 
palliative  than  curative  j yet  according  to  Sir  Kenelm  Digby,  ’tis  fo  thro’  the 
patient’s  rather  than  the  phyfician’s  fault ; for  he  folemnly  affured  me,  that 
of  between  twenty  and  thirty  perfons,  whom  he  cured  of  quartans  by  this  re- 
medy, not  two  relapfed.  Nor  can  it  be  queftion’d  that  we  have  unknown 
plants  of  extraordinary  efficacy  at  home.  I my  felf  have  often  gather’d  an 
unpromifing  plant,  called  rue-leaved  whitlow-grafs,  which  flightly  infufed 
in  beer,  to  my  knowledge,  lately,  without  pain,  and  in  few  days,  cured  a 
kinfman  of  Sir  Kenelm  Digby’s  of  the  king’s-evil  ♦,  yet  I don’t  find  any  botanift 
recommend  it  for  that  diftemper.  But  this  bounty  of  God  to  man  feems  abated, 
’tis  faid,  by  permitting  fome  poifons.  To  this  it  may  be  replied,  that  many 
poifonous  bodies  contain  their  own  antidotes  •,  and  according  to  Pifo , “ ’tis 
<c  hard  to  fay,  which  of  the  two  moll  abound  in  Brafil . For  as  the  principal 
“ poifons  here,  are  the  leaves.  Bowers,  and  fruits  of  the  plants  Tangarac 
« and  Juquer , each  has  its  own  root  for  an  antidote  ; and  the  natives  fuccefs- 
“ fully  apply  the  fat  and  heads  of  vipers  to  venomous  wounds,  or  an  arti- 
« ficial  preparation  of  the  whole  bodies  of  the  creatures  that  gave  them.” 
Befides,  ’tis  probable  that  human  art  might  reduce  all  fuch  bodies  into  ufe- 
ful medicines  : at  leaft,  the  advantages  already  gain’d  by  a proper  manage- 
ment of  antimony  and  quick-filver  may  encourage  us  to  hope  fo.  Opium  is 
by  phyficians  rank’d  among  poifons,  yet  it  affords  fuch  remedies  as  they 
would  be  forry  to  want.  Oil  of  fcorpions  is  not  only  an  antidote  for  the 
fling  of  that  creature,  but  is  alfo  good  in  other  cafes.  To  give  only  one  in- 
ftance  more,  the  root  Mandihoca , common  throughout  the  IVeft-Indies , which 
tho’  of  it  felf  it  be  deadly  poifon,  is  one  of  the  moft  ufeful  things  that  coun- 
try produces ; for  by  an  eafy  preparation,  it  affords  not  only  many  po- 
pulous nations  their  bread,  which  from  its  tafle,  and  colour  I judge  good ; 
and  to  fome  of  them  no  fmall  part  of  their  drink  ; but  an  antidote  alfo. 

What  farther  manifeffs  God’s  goodnefs  to  man  is,  that  the  creatures  not  only 
delight  and  accommodate, but  alfo  ferve  to  inflrudt  him  *,  for  nature  every  where 
lays  leffons  before  us  *,  which  if  we  difregard,  we  lofe  the  great  benefit  defign’d 
to  our  nobler  part,  the  foul.  “ We  ffiou’d  not,  fays  St.  Auftin , ufe  our  eyes, 
“ like  brutes,  to  provide  for  the  belly,  not  the  mind  j but  as  men,  to  behold 
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“ the  heavens,  and  the  work  of  nature,  and  thence  difcover  their  author.” 

Laftly,  the  creatures  not  only  demonftrate  the  being  and  attributes  of  God, 
but  likewife  remind  us  of  our  duty  *,  for  God  informs  us  hereof  no  lefs  by 
his  works,  than  his  word ; thus  the  rain-bow,  for  inftance,  was  defigned  to 
fhew  his  goodnefs  to  all  nations,  and  prevent  their  expecting  a fecond  de- 
luge. ’Twas  a truly  great  faying  of  Plato , “ The  world  is  God’s  epiftle 
“ to  mankind  for  God  accordingly,  by  Solomon , fends  the  fluggard  to 
learn  induftry  of  the  ant  ; and  Chrift  commands  his  difciples  to  learn  pru- 
dence and  inoffenfivenefs  from  ferpents  and  doves  j he  bids  them  alfo  confi- 
der  the  lillies  in  the  field,  in  order  to  acquire  a firm  reliance  upon  God. 

St.  Paul  rebuking  the  Corinthians  for  their  weak  Faith  as  to  the  refurreCti- 
on,  bids  them  reflect  on  the  fowing  of  corn  *,  and  the  Pfalmift  grows  hum- 
ble by  contemplating  the  higheft  works  of  nature  : “ When  I confider, 

“ fays  he,  the  heavens,  the  work  of  thy  fingers,  the  moon  and  ftars 
“ which  thou  haft  ordain’d,  what  is  man  that  thou  vifiteft  him  ?”  Hence 
it  appears,  that  God  defigned  the  world  not  only  as  a palace  for  men  to 
refide  in,  but  alfo  for  a fchool  of  virtue  to  bring  them  to  eternal  felicity. 


SECT.  III. 

HAving  ftiewn  how  greatly  the  ftudy  of  nature  promotes  both  the  tern-  whether  a 
poral  and  fpiritual  welfare  of  mankind  *,  let  us  next  confider  whether  flop  put  to  na- 
a ftop  put  to  natural  inquiries  would  not  tend  to  deprive  God  of  the  glory  tural  in(tui~ 
that  is  due  to  him.  And  certainly,  we  can  never  praile  and  admire  him  ^Ip^veGodof 
for  thofe  works  which  we  think  it  pernicious  or  dangerous  to  confider.  the  glory  due 
But  the  works  of  God  are  not  like  pompous  pageants,  or  the  tricks  of t0  him. 
juglers,  where  concealment  is  requifite  to  wonder  : our  admiration  always 
rifes  here  in  proportion  to  our  knowledge  •,  becaufe  the  farther  we  contemplate, 
the  more  figns  we  difcover  of  the  author’s  perfection  : and  even  our  utmoft 
fcrutiny  can  give  us  but  a faint  veneration  of  his  omnifcience.  For,  how- 
ever obvious  his  exiftence  appears,  it  requires  a clofe  and  philofophical  confi- 
deration  to  fhew  he  has  difplay’d  in  the  creatures  a power,  wifdom  and  good- 
nefs worthy  of  himfelf.  What  different  ideas  of  his  wifdom  rife  from  the  confi- 
deration  ofeggs  to  a naturalift,  who  has  traced  the  cicatriculatothe  formation 
of  the  chick  ; and  one  who  only  knows  their  common  ufe  ? As  God  therefore, 
delights  to  be  honoured  in  all  our  faculties,  and  confequently  in  that  of  rea- 
fon,  as  well  as  faith,  there  will  appear  an  immenfe  difference  between  that 
general,  confufed,  and  indolent  idea  we  ufually  frame  of  his  power  and 
wifdom,  and  thofe  diftinCl,  rational  and  affeCling  ones  of  his  attributes, 
which  may  be  gained  by  an  attentive  infpe&ion  of  the  creatures  that  were 
chiefly  made  for  this  very  purpofe.  The  queen  of  Sheba  had,  in  her  own 
country,  conceived  very  highly  of  Solomon* s wifdom,  yet  fhe  undertook  a 
journey  to  become  an  eye-witnefs  of  its  effeCts  j and  finding  them  infinitely 
to  furpafs  what  fame  had  related,  confefs’d  it  in  a pathetic  extacy. 
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Admirable  is  the  faying  of  Hermes  cCrifmegiftus  to  his  fon,  “ There  is 
“ no  religion  more  juft  than  to  know  the  things  that  are,  and  to  return 
“ thanks  for  all  things  to  him  that  made  them.  Be  pious  and  religious,  O 
“ my  child,  for  that  is  the  belt  and  higheft  philofophy.”  And,  perhaps, 
our  more  numerous  wants  and  appetites  were  defign’d  to  fpur  us  on  to  fcru- 
tinize  and  ranfack  nature,  that  fo  we  might  make  larger  difcoveries  of  the 
omnifcient  author,  than  other  creatures. 

To  illuftrate  this  point  the  farther,  we  may  remember  that  philofophers 
have  almoft  univerfally  confider’d  the  world  as  a temple : not  only  Plutarch , 
Cicero , and  Seneca , but  Philo  the  Jew  is  exprefs  to  this  purpofe.  As  for 
Chrijlian  philofophers,  it  wereendlefs  to  cite  them  upon  this  head  •,  and  even 
the  fcripture  itfelf  ufes  the  fame  figure  of  fpeech.  Suppofing  then,  the 
world  to  be  a temple,  I would  infer  that  man  is  the  prieft  to  officiate  there- 
in ; and  confequently  bound,  as  being  the  head  creature  here,  to  return 
thanks  and  prailes  to  his  maker,  both  for  himfelf  and  the  whole  creation. 
Andfurely  ’tis  very  unbecoming,  that  God’s  mercy  alone,  becaufemoft  be- 
neficial to  us,  ftiou’d  engrols  all  our  thoughts,  whilft  his  power  and  wif- 
dom,  attributes  equal  to  the  former,  becaufe  all  of  them  are  infinite,  re- 
main negledted  •,  tho9  thefe  commanded  the  adoration  both  of  man  and  an- 
o-els,  before  fin  occafioned  the  exercife  of  the  other.  For  my  own  part,  I 
dare  not  thus  limit  my  devotion,  tho9  I wou’d  not  undervalue  the  meaneft 
a6t  thereof  that  ftands  recommended  either  by  fcripture  or  reafon  : ftill  I 
muft  think  that  God  is  acceptably,  and,  perhaps,  more  nobly,  ferved  by 
conceiving  high,  rational  and  manly  notions,  with  a fuitable  adoration,  of 
thofe  divine  attributes  for  manifeftation  whereof  this  vaft  fabric  was  ere&ed. 

From  hence,  methinks  5tis  plain,  that  to  hinder  the  progrefs  of  natural 
knowledge  detracts  from  God’s  glory  as  well  as  obftrudts  man’s  felicity. 

I will,  however,  go  a ftep  farther,  to  fhew  that  neither  reafon,  fcripture, 
nor  experience  can  countenance  fuch  an  attempt. 

.And  firft,  did  the  author  of  nature  know  that  the  contemplation  of  his 
works  led  to  a disbelief. of  his  being  and  attributes,  he  wou’d,  furely,  never 
have  invited  and  preffed  rriankind  thereto  fo  ftrongly  as  we  fee  he  does  ; 
for  befides  the  follicitations  already  mention’d,  the  fabbath  feems  originally 
inftituted  to  commemorate  the  creation,  and  give  men  a frequent  opportuni- 
ty to  contemplate  God  in  his  wo^ks.  And  the  primitive  Chriftians , accordingly, 
celebrated,  as  well  the  creation  on  the  iaturday,  as  the  redemption  on  the  fun- 
day  •,  which  practice,  tho’ the  weftern  churches  have  longfince  dropp’d,  is, 

I am  inform’d,  ftill  retain’d  in  many  of  the  eaftern.  Moreover,  whoever 
jhall  duly  confider  the  bible,  particularly  the  books  of  Job  and  the  Pfalrns , 
will  find  a greater  harmony  between  philofophy  anddivinity,  than  our  oppo- 
nents imagine.  St.  Paul  tells  us,  “ the  invifible  things  of  God,  from  the 
“ creation  of  the  world  are  clearly  feen  ; being  underftqod  by  the  things  that 
cc  are  made,  even  his  eternal  power  and  god-head.”  Nay,  fo  far  is  the  ftu- 
dy  of  nature  from  leading  to  atheifm,  that  Job  exprefly  fays,  “ Ask  now  the 
beafts  and  they  will  teach  thee,  and  the  fowls  ofthe  air,  and  they  will  tell  thee; 
“ or  fpeak  to  the  earth,  and  it  fhall  teach  thee,  and  the  fifties  of  the  fea  ftiall 
“ declare  unto  thee.  Who  knoweth  not  that  in  all  thefe  things  the  hand  of 
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“ the  Lord  hath  wrought  this?”  Arid  agreeably  hereto  mofl  of  the  moral 
writers,  and  fuch  as  labour  to  demonftrate  the  truth  of  the  chriftian  religion, 
undertake  to  prove  the  being  of  a God,  from  the  confideration  of  the  uni- 
verfe,  and  that  he  is  the  author  thereof*. 

But  as  philofophy,  you  fay,  leads  men  to  atheifm,  by  enabling  them  to 
account  for  the  phenomena  of  nature  from  fecond  caufes,  it  will  be  hard  to 
/hew  how,  upon  this  fuppofition,  it  can  do  fo-,  becaufe  we  are  in  no  wife 
able  to  explain  all  appearances  by  any  principles  whatever.  And  truly, 
not  only  the  generation  of  animals  remains  a myftery,  but,  even  to  explain 
and  adjuft  all  the  phenomena  of  that  apparently  homogeneous  body,  mer- 
cury, has  hitherto  proved  fo  difficult,  that,  for  ought  I know,  it  may  /till 
continue  infuperable  to  the  induftry  of  ages  to  come  •,  for  even  chymical 
tortures  have  hitherto  forced  no  confeffions  from  this  Proteus , but  what  raife 
almoft  as  many  difficulties  as  they  folve. 


SECT.  iv. 


B Elides  thofe  we  have  been  fpeakingof,  there  is  another  fort  of  men,  who,  The  Epicu- 
boldly  relying  on  the  vulgar  philofophy,  and  their  own  fufficiency,  rean  ffiemt 
pretend  to  exclude  a deity  out  of  the  world  *,  tho*  many  points,  magifteri-  Tdeity 
ally  taught,  and  confidently  believed  among  them,  are  erroneous  and  contra-  examined. 
di&ory  to  the  moll  obvious,  as  their  do&rine  is  unable  to  explain  the  more 
abllrufe,  phenomena  of  nature. 

It  is  obfervable,  that  by  refilling  to  afcribe  any  thing  to  God,  men  im- 
pofe  upon  themfelves  in  thinking  an  inquiry  purfu’d  far  enough  when  they 
come  to  the  general  caufe  of  an  appearance,  which,  tho*  more  obvious,  is 
no  better  underllood  than  the  other.  Thus,  if  you  alk  a reafon  why  of  all 
bodies  gold  alone  Ihould  fink  in  quick-filver  ? they  anfwer,  Gold  being  of 
all  bodies  the  only  one,  that  is  fpecifically  heavier  than  quick-filver,  tho* 
they  are,  yet  this  cannot,  by  the  laws  of  hydrollatics,  be  fupported  therein. 

But  were  a curious  inquirer,  not  content  with  this  plaufible  anfwer,  farther 
to  demand  the  nature  and  caufe  of  gravity,  it  wou’d,  I fear,  be  hard  to  fa- 
tisfy  him  *f\ 

And, 


* This  has  been  fo  very  fully  and  fatisfa£lo- 
rily  done  of  late,  particularly  by  means  of  that 
noble  ledlure,  founded  by  Mr.  Boyle  himfelf,  to 
defend  the  chriftian  religion ; that  the  feft  of 
atheifts,  if  ever  there  was  a real  one,  is  entire- 
ly vanquifhed  and  put  to  filence.  Dr.  Bent- 
ley firft  happily  began  to  apply  th e Newtonian 
fyftem  to  this  purpofe,  in  his  admirable  fer- 
mons;  and  toj  the  fame  inftitution’tis  we  owe 
Dr.  Clarke*/  Demonjlration  of  the  being  and 
attributes  if  God,  Mr.  Derbam'%  Phyjico-theo- 
logy,  &c. 

+ This  indeed  is  a hard  queftion,  and  Sir 
Vol.I. 


Tfaac  Newton  himfelf  is  cautious  how  he  an- 
fwers  it.  At  the  clofe  of  his  Principia  he  tells 
us,  he  was  not  hitherto  afligned  the  caufe  of 
gravity,  which  is  a power,  however,  that  pro- 
ceeds from  a caufe  reaching  even  the  centres  of 
the  fun  and  planets,  without  lofing  its  virtue, 
and  that  atts  not  according  to  the  particles  of  the 
furface,  like  a mechanical  caufe,  but  according 
to  the  quantity  of  folid  matter  in  bodies  ; 
it*s  a&ion  being  every  way  extended  to  im- 
menfe  diftances,and  always  decreafing  in  a dupli- 
cate proportion  of  them.  The  gravity  of  bodies  to- 
wards the  fun,  he  farther  fays,  is  compos’d  of  their 
D gravity 
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And,  doubt  lefs,  tho’  the  immediate  caufes  of  many  effects  in  nature  are  eaft- 
ly  affignable  ; yet  upon  farther  inquiring  into  the  caufes  of  thofe  caufes,  ’till 
we  arrive  at  the  primary  ones,  we,  perhaps,  fhall  find  them  to  depend  on 
fuch  primary  affections  of  the  fmall  particles  of  matter,  or  fuch  a joint  con- 
fpiracy  of  the  feveral  parts  of  the  univerfe,  as  it  would  be  impollible  to  ac- 
count for,  without  recourfe  to  an  intelligent  agent.  For  the  followers  of 
Arijiotle  delude  both  themfelves  and  others,  in  pretending  to  affign  reafons 
for  abundance  of  effeCts.  And  not  to  inflance  in  fuch  abftrufities  as  they 
refer  to  fympathy,  antipathy,  and  occult  caufes  *,  let  us  take  fome  obvious 
phenomena,  as  that  of  fuCtion,  or  the  Menfes  •,  the  former  they  afcribe  to 
nature’s  abhorrence  of  a vacuum,  and  the  latter  to  her  providence,  left  af- 
ter puberty  the  body  fhou’d  be  overloaded,  and  fit  nutriment  be  wanting  to 
the  foetus,  in  geftation  : folutions  no  way  iatisfaCtory  to  a philofophical  in- 
quirer ; for  both  of  them  fuppofe,  either  the  world  to  be  endowed 
with  a kind  of  foul,  or  that  there  are  intelligent  principles  in  inanimate  bo- 
dies. Befides  thefe,  there  are  numberlefs  other  queftions,  relating  to  the 
parts  of  human  bodies,  the  caufes  and  cures  of  difeafes,  &V.  which  they 
often  anfwer  by  faying,  46  Nature  does  fo  and  fo,  becaufe  *tis  fitfhe  fhou’d-,” 
without  ever  explaining  what  they  mean  by  nature,  or  how  inanimate  bodies 
can  aCt  for  certain  ends  : they  ought,  therefore,  ’till  their  own  hypothefis 
is  more  intelligible,  either  to  ceafe  afcribing  to  irrational  creatures  fuch  acti- 
ons as  manifeftly  proceed  from  reafon  and  choice  ; or  elfe  to  allow,  with  us, 
that  fuch  creatures  perform  them  by  the  direction  of  a wife  author  of  things. 

And  tho’  I muft  own  that  fome  aCtions,  which,  perhaps,  are  peculiar  to 
man,  feem  inexplicable  by  mechanical  principles  *,  yet,  with  regard  too- 
ther effeCts  of  nature,  we  may  fuppofe,  that  when  God  determined  to  make 
this  world,  he  divided  the  matter  he  had  provided  into  numberlefs  particles 
of  various  figures  ; which  duly  ranged,  connected,  and  thrown  into  pro- 
per motions,  regularly  exhibit,  by  the  continuance  hereof,  all  the  diftant 
phenomena  of  the  univerfe,  as  well  as  if  each  creature  employ’d,  aCted 
with  knowledge  and  defign,  or  an  intelligent  Being  aiffufed  thro’  the  whole, 
prefided  over,  and  directed  all  the  parts,  according  to  the  laws  original- 
ly eftablifhed.  Thus  a curious  compound  engine  regularly  performs  its  of- 
fice, whilft  all  the  component  parts  thereof,  as  if  animated  by  a common 
principle,  confpire  to  accomplifh  the  maker’s  end. 

’Tis  in  a fenfe  agreeable  hereto,  that  I always  ufe  the  common  phrafes  in 
philofophy  : as  for  inftance,  when  I fay  any  heavy  body  tends  to  the  earth’s 
centre,  I don’t  mean  that  mathematical  point  has  the  power  to  attraCl  it,  but  that 


gravity  towards  all  its  particles,  and  in  going 
from  the  fun  decreafes  exa&ly  in  a duplicate  pro- 
portion of  the  dilfance  to  the  orbit  of  Saturn , and 
even  the  fartheil  aphelia  the  comets,  if  thofe  a- 
phelia  are  at  reil ; but  the  reafon  of  thefe  proper- 
ties of  gravity  I cou’d  never  hitherto,  fays  Sir 
Ifaacy deduce  from  phenomena, and  am  unwilling 
to  frame  hypotheies  about  them ; for  whatever  is 
not  deduced  from  phenomena,  ought  to  be  call'd 
an  hypothefis,  and  no  fort  of  hypothefes  are  al- 


lowable in  experimental  philofophy,  wherein 
propofi ticns  are  deduced  from  phenomena,  and 
made  general  by  induction. Thus  the  impenetra- 
bility, the  mobility,  the  moment  of  bodies,  the 
laws  of  motion  and  gravity  were  difeovered.  And 
it  is  enough  that  gravity  has  a real  exigence,  and 
afts  according  to  fuch  laws  as  we  have  deliver’d, 
and  that  it  luffices  to  produce  all  the  motions 
of  the  celeftial  bodies,  and  of  our  fea.  See 
Newton.  Princip.  Ed.  2.  p.  483,  484. 
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either  the  magnentical  effluvia  of  the  earth,  the  preflure  of  fome  fulxile  mat- 
ter *,  or  whatever  elfe  be  the  caufe  of  gravity,  fo  far  determines  the  heavy 
body  downwards,  that  if  all  obftacles  be  removed,  it  will  diredlly  fall  to 
the  earth’s  furface.  In  the  fame  manner  the  hand  of  a clock  might  be  faid 
to  affeft  a circular  motion,  tho’  the  metal  ’tis  made  of  be  indifferent  to  all 
motion,  becaufe  the  ftrudture  of  the  machine  fo  determines  it  *,  and  tho’ 
this  motion  be  {lop’d,  yet  the  hand  may  Hill  be  faid  to  have  a tendency  to 
the  fame  motion,  becaufe,  upon  removing  the  obftacle,  ’twill  proceed  there- 
in. Yet  do  I not  rejedl  fuch  current  expreffions  as  thefe;  “ nature  affedls 


* Mr.  Boyle  here,  and  in  feveral  other  parts  of 
his  works,  feems  to  have  entertain’d  an  opinion 
as  to  the  caufe  of  gravity,  and  of  many  abftrufe 
phenomena  of  nature,  like  what  Sir  lfaac  New- 
ton hints  in  the  conclufion  of  his  Principia,  and 
more  fully  infills  upon  in  the  queries  annexed 
to  his  optics,  of  a very  fubtile  matter  that  per- 
vades all  grofs  bodies,  and  lies  conceal’d  in  them, 
by  the  force  and  attions  whereof  the  particles 
of  bodies  attradl  one  another  at  very  fmall  di- 
Itances,  and  cohere  when  they  come  to  be  conti- 
guous ; whereby  ele&rical  bodies  a&  at  greater 
diftances,  as  well  by  repelling  as  attradling  fuch 
fubftances  as  are  near  them  ; whereby  light  is  e- 
mitted,  refle&ed,  refradled,  infle&ed,  and  gives 
heat  to  bodies  j and,  laltly,  whereby  fenfation  is 
excited  and  the  voluntary  a&ions  of  animals  per- 
form’d. But  tho’  feveral  experiments  and  obser- 
vations of  Mr.  Boyle  feem  to  infer,  or  require  fuch 
an  agent ; yet,  I find  not  that  he  imagin’d  it  fo  u- 
niverfal,  and  to  have  all  the  properties  which  are 
by  Sir  lfaac  Newton  afcribed  to  it.  From  what  par- 
ticular experiments  its  feveral  neceffary  proper- 
ties are  deducible,  is,  perhaps,  not  eafy  for  any 
one  lefs  verfed  in  the  phenomena  of  nature  and 
art  than  that  great  philofopher  to  fay  : but  who- 
ever enquires  into  the  caufe  of  the  firm  cohefion 
of  the  hard  component  particles  of  bodies,  which 
are  only  laid  together,  and  touch  but  in  a few 
points,  will,  as  Sir  lfaac  Newton  obferves,  find 
a neceflity  of  fomething  to  attradl  or  prefs  them 
towards  one  another.  The  fame  thing  he  alfo 
infers  from  the  cohefion  of  two  polilhed  mar- 
bles in  vacuo,  from  the  Handing  of  qu’ickfilver 
in  the  barometer,  at  the  height  of  50,  60,  or 
70  inches,  whenever  it  is  well  purged  of  air, 
and  poured  in,  fo  that  its  parts  are  every  way 
contiguous  to  one  another,  and  to  the  glafs;  for 
theatmofphere,  by  its  weight,  preflesthe  quick- 
filver  into  the  glafs  to  the  height  of  29  or  30 
inches,  and  fome  other  agent  raifes  it  higher, 
by  making  its  parts  ftick  to  the  glafs,  and  to 
one  another;  for  by  any  difcontinuation  of  parts 
made  by  bubbles,  pr  by  lhaking  the  glafs,  the 
whole  mercury  falls  down  to  the  height  of  29 
or  30  inches.  The  afcent  of  liquors  between 
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glafs  or  marble  plates,  and  in  fmall  glafs  tubes, 
either  empty,  or  filled  with  fifted  allies,  which 
happens  as  well  in  vacuo , as  in  open  air,  are 
alfo,  inftances  to  this  purpofe.  But  farther,  fays 
Sir  lfaac  Newton,  if  in  two  large  tall  cylindri- 
cal veflels  inverted,  two  little  thermometers  be 
fufpended,  fo  as  not  to  touch  the  veflels,  and 
thefe  veflels  be  removed  from  a cold  place  into 
a warm  one,  the  thermometer  in  vacuo  will 
grow  warm  as  much,  and  almoft  as  foon  as  the 
other  thermometer  which  is  not  in  vacuo  ; and 
when  the  veflels  are  carried  back  into  the  cold 
place,  the  thermometer  in  vacuo  will  grow 
cold  almoft  as  foon  as  the  other : is  not  there- 
fore, continues  that  great  author,  the  heat  of 
the  warm  room  convey’d  thro’  the  vacuum  by 
the  vibrations  of  a much  fubtiler  medium  than 
air,  which,  after  the  air  was  withdrawn  re- 
main’d in  the  vacuum  ? And  of  this  medium 
or  aether  he  thus  queries  with  regard  to  gravity: 
Ts  it  not  much  rarer  within  the  denfe  bodies  of 
the  fun,  liars,  planets  and  comets,  than  in  the 
empty  celeftial  fpaces  between  them  ? And  in 
palling  from  them  to  great  diftances  doth  it  not 
grow  denfer  and  denfer  perpetually,  and  thereby 
caufe  the  gravity  of  thefe  bodies  to  one  another, 
and  of  their  parts  toward  the  bodies;  every  bo- 
dy endeavouring  to  go  from  the  denfer  parts  of 
the  medium  towards  the  rarer?  For  if  this  me- 
dium be  rarer  within  the  fun’s  body  than  at  his 
furface,  and  rarer  there  than  at  an  hundredth  part 
of  an  inch  from  his  body,  and  rarer  there  than 
at  the  fiftieth  part  of  an  inch  from  his  body, 
and  rarer  there  than  at  the  orb  of  Saturn ; I fee 
no  reafon  why  the  encreafe  of  denfity  Ihou’dllop 
any  where.  And  tho’  this  increafe  of  denfity 
may,  at  great  diftances,  be  exceeding  flow,  yet 
if  the  elaltic  force  of  this  medium  be  exceeding 
great,  it  may  fuflice  to  impel  bodies  from  the 
denfer  parts  of  the  medium  towards  the  rarer 
with  all  that  power  which  we  call  gravity.  And 
that  the  elaftic  force  of  this  medium  is  exceed- 
ing great,  may  be  gather’d  from  the  fwiftnefs 
of  its  vibrations,  dsfr.  See  Newton.  Optic.  Eng • 
lifh  Edition.  A.  1718.  p.323,  325,  326,  364* 
372,  & alibi paffim. 
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the  beft,  “ nature  does  nothing  in  vain,  &c”  for,  as  according  to  my  own 
notion,  the  actions  of  irrational  creatures  are  directed  by  a moll  wife  agent  •* 

I am  not  furprized  that  their  adtions  refemble  ours,  or  even  fometimes  ex- 
ceed them.  And,  in  fad,  filk- worms  and  fpiders  perform,  untaught,  what 
we  cannot birds  build  their  nefts  more  dextroufly  than  a man  could  ; and 
many  other  animals  perform  fuch  things,  that  *tis  no  wonder  fome  have 
afcribed  reafon  to  them  •,  tho5  this  feems  rafhly  done,  confidering  much  may 
be  faid  for  the  immortality  of  rational  fouls  *,  that  the  adions  of  brutes  are 
chiefly  limited  to  the  prefervation  of  their  fpecies  •,  and  that  they  betray  a 
want  of  thought  in  every  thing  befides.  And,  therefore,  as  when  I fee  a 
curious  clock,  and  find  every  part  nicely  adapted  to  its  refpedive  end,  and 
all  harmonioufly  join’d  to  anfwer  the  views  of  the  artificer,  ’tis  the  contri- 
vance of  the  workman,  not  of  his  materials,  that  I admire  •,  fo  when  I con- 
template the  feveral  creatures  of  this  vaft  engine,  the  world,  I can  never 
fuppofe  that  the  inanimate  parts  thereof  ad  with  reafon  and  defign,  but  a- 
dore  thewifdom  ofthearchited,  who  could  produce  fuch  regular  effeds  from 
the  joint  concurrence  of  fo  many  different  caufes. 

It  may  here  be  objeded,  that  tho’  the  fchool  philofophy  fails,  yet  the  Epi- 
curean accounts  for  the  produdionofthe  world,  without  having  recourfe  to  a 
deity  •,  but  a confideration  of  the  dodrine  of  Epicurus , and  his  paraphraft  Lu- 
cretius, tho’  fubtile  philofophers,  has  confirm’d  me  in  the  contrary  opinion. 

Epicurus  himfelf,  in  his  epiftle  to  Herodotus , found  in  Diogenes  Laertius , 
gives  this  fhort  fyftem  of  his  dodrine  ; “ As  to  meteors,  it  ought  not  to  be 
“ imagin’d  that  motion,  rotation,  eclipfes,  rifing  and  fetting  of  the  hea- 
“ venly  bodies,  or  any  thing  of  this  fort  happens  from  the  diredion 
“ of  a fuperintendent,  who  enjoys  happinefs  and  immortality:  we  are, 
“ therefore,  to  believe  that  at  the  creation  of  the  world  there  happen’d  fuch 
tc  a convolution  of  twining  atoms  as  render’d  thefe  revolutions  neceflfary. 
“ There  is  an  infinite  number  of  worlds,  only  fome  whereof  are  alike  to 
<c  this ; for  as  atoms,  from  the  infinity  of  fpace,  mufl  be  infinite  } they 
“ will  meet  in  various  places,  and  fovarioufly  conflitute  infinite  worlds  far 
“ remote  from  this  which  obfcure  account  of  the  world’s  origin  Lucre- 
tius finely  illuftrates,  and  afterwards  applies  it  to  fome  particulars  thereof. 
But  his  hypothefis  requires  many  poftulata  too  abfurd  or  uncertain  to 
be  granted  ; for  inftance,  “ That  matter  is  eternal  that  it  was  adually  di- 
“ vided  into  atoms  from  eternity,  (whereas  it  might  as  well  be  one  coherent 
“ mafs ; for  adual  divifion  is  in  no  wife  eflential  thereto ;)  that  the  num- 
cc  ber  of  thefe  atoms  is  truly  infinite-,  that  they  have  an  infinite  vacuum 
cc  to  move  in  ; that  their  figures  are  almoft  infinitely  various,  (tho*  he  (hews 
“ not  how  this  came  to  be  conical,  or  that  fpherical ;)  and  that  thefe  atoms 
“ were  felf-mov’d  from  eternity,”  tho*  motion  be  no  more  an  eflential  proper- 
ty of  matter  than  reft  being  perfedly  indifferent  to  either  *.  Nor  has  it 

hitherto 

perhaps  the  difpute  is  at  an  end.  For  all  the 
bodies  we  are  acquainted  with,  feem  to  be  in  a 
perpetual  motion.  No  one  will  fay  that  the 
parts  of  animals,  vegetables,  or  minerals  are  at 
abfolute  jrell  among  themfelves,  who  confiders 

the 


* Motion  and  relt  are  in  the  modern  philo- 
fophy fuppofed  to  be  ftatesof  bodies;  yet  fome 
have  endeavoured  to  prove  the  former  eflential 
to  matter.  And,  indeed,  if  a thing  may  be  faid 
to  be  eflential  where  it  is  a conftant  attendant; 
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hitherto  been  (hewn  how  matter  can  move  itfelf.  A! moll  all  the  bodies 
here  below  are  moved  by  fomething  external  to  them  ; even  in  animals 
*tis  not  the  will  that  produces  fpontaneous  motion  : this  only  determines  and 
directs  the  nervous  fluids  of  the  mufcles,  as  appears  by  the  fatigue  and  lofs 
of  ftrength  confequent  upon  violent  exercife.  And  therefore  Anaxagoras, 
tho'  he  believ'd,  as  Ariftotle  did  after  him,  the  eterninty  of  matter,  allow'd 
a mind  was  necefiary  to  be  put  into  motion.  But  in  the  Epicurean  fcheme, 
not  barely  motion,  but  alfo  its  determination  is  fuppofed ; for  the  atoms 
muft  move  downwards,  and  that  too  not  in  parallel,  but  converging  lines  ; 
fo  that  befides  motion,  here  is  gravity  in  atoms  without  a centre  for  them 
to  tend  to,  and  a particular  diredion  and  continuance  of  motion  therein, 
without  any  caufe  being  affign’d  for  either  ; which  are  affumptions  fo  bold 
and  precarious,  that  fome  of  the  author’s  admirers  are  afhamed  of  them. 
This  dodrine  farther  fuppofes,  “ that  allowing  a downward  motion  to  a 
“ fufficient  number  of  atoms;  a fortuitous  concourfe  in  their  fall,  will,  alone, 
“ produce  the  world,  with  all  its  creatures  ;5'  that  is  to  fay,  chance  may  re- 
duce a chaos  to  order,  ora  multitude  of  letters,  cafually  thrown  together,  give 
us  the  hiftory  of  the  creation  as  it  /lands  in  the  book  of  Genefis . 

’Tis  true  indeed,  odd  images,  refembling  pidures,  feem  accidentally  pro- 
duced in  ftones  and  other  inanimate  bodies  ; but  thefe  phenomena  are 
fairly  to  be  folved  from  other  principles : tho’  were  thefe  allow’d  to  be  real 
produ&ions  of  chance,  how  different  are  they  from  what  we  behold  in  the 
flrudure  of  animals  ? To  inftance,  in  a human  body,  which  tho'  compofed 
of  numberlefs  parts,  none  are  fuperfluous,  or  can  be  otherwife  made  or 
placed  without  manife/l  detriment ; nay,  fome  of  them,  as  the  eye,  valves 
in  the  veins,  (Ac.  are  fo  dextroufly  adapted  to  their  refpedive  ufes,  and  en- 
tirely unfit  for  any  other,  that  a more  than  ordinary  under/landing  is  re- 
quired to  difcover  the  depth  of  their  contrivance.  On  the  other  hand,  that 
account  which  Lucretius  gives  of  the  flrfl  formation  of  man,  from  poeti- 
cal wombs,  adhering  to  the  ground,  which  Lattantius , at  large,  expofes,  isfo 
unfuitable  to  fome  other  parts  of  his  work,  that  I am  tempted  to  fufped  he 
wrote  it  in  one  of  thofe  phrenzy-fits  his  Lucillia’s  philtre  occaflon'd  him. 

Let  it  be  farther  obferved,  that  with  ail  their  affurance,  the  utmo/l 
thefe  naturalifts  can  do,  only  /hews  the  phenomena  of  nature  may  poflibly 
be  produced  after  their  manner  ; but  as  the  fame  effeds  often  proceed  from 
different  caufes,  it  may,  fometimes,  be  impoflible  to  difcover  by  what  par- 
ticular means  nature  obtains  her  ends.  And  even  Epicurus , himfelf,  never 
pretended  to  aflign  the  precife  caufe  of  the  phenomena  he  endeavoured  to 
explain.  So  that  allowing  we  did,  in  general,  know  the  phenomena  of  na- 
ture proceeded  from  the  bulk,  figure,  motion,  (Ac.  of  atoms,  we  may  dill 
be  to  feek  for  the  particular  caufes  of  any  Angle  effed  : thus  a man  might 


the  growth,  increafe,  decreafe,  corruptions  and 
changes  of  them.  Mr.  Boyle  has  made  it  high- 
ly probable  that  the  parts  of  the  moft  folid  bo 
dies,  fuch  as  glafs,  gems,  &c.  are  in  motion. 
And  it  is  now  generally  confefs’d  that  the  earth, 
which  itfelf  is  in  perpetual  motion,  as  well  as 


the  other  planets,  and  the  comets,  moves  round 
the  fun ; fo  that  in  fhort  nothing  appears  to  be  at 
reft  in  our  fyftem  but  the  centre  of  it;  and  this, 
poflibly,  is  conftantly  going  forwards  in  a ftrait 
line.  See  Newton.  Princip.  Ed.  z.  p.  17*  18. 
373»  374- 
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fay,  in  general,  the  fam’d  clock  at  Strasburgh , mov’d  by  means  of  wheels, 
fprings  and  weights-,  tho’  he  knew  nothing  of  their  refpective  magnitudes, 
figures,  motions  and  proportions,  or  the  particular  contrivances  of  the  whole. 

But  the  more  eminent  Epicureans  argue  thus,  “ if  thephenomena  of  nature 
“ be  not  folved  by  our  hypothefis,  they  are  inexplicable  but  this  argu- 
ment is  not  fo  conclufive  as  they  feem  to  imagine.  And  tho’  it  be  as  bold 
to  aflert,  as  hard  to  prove,  that  no  other  philofophy  can  do  more  than  theirs ; 
yet,  if  we  allow  their  conclufion,  where’s  the  abfurdity  ? Who  has  demon- 
ftrated  that  men  are  able  to  find  out  and  explain  all  the  operations  of  nature  ? 
The  molt  learned  of  our  adverfaries  own  themfelves  unequal  to  the  talk. 

It  adds  no  ftrength  to  their  argument,  that  their  way  of  folving  appear- 
ances is  eafy  and  intelligible  for  the  queftion  is,  how  things  really  are  produ- 
ced, not  what  manner  of  production  is  moft  level  toourreafon.  And  if  the 
world,  as  they  fay,  were  cafually  made,  fure,  chance  never  confidered  of 
the  moft  intelligible  way : but  if  God  be  its  author,  and  framed  it  accor- 
ding to  his  immenfe  wifdom,  how  fhall  human  underftanding  comprehend 
the  contrivance  ? And  hence  we  may  infer  that  current  argument,  “ I can- 
“ not  conceive  it,”  to  be  of  no  force  in  philofophy.  ’Tis  true,  we  fhould 
be  cautious  of  admitting  unintelligible  things  for  truths  ; but  there  is  fo 
great  a difference  in  the  thinking  faculty  of  men,  to  fay  nothing  of  partiali- 
ty, indolence,  want  of  application,  and  wilful  dulnefs,  that  what  is  unin- 
telligible to  one,  ought  never,  for  that  reafon,  to  be  rejected  by  another. 
Thus  fome  Epicureans^  who  would  refolve  all  things  by  mechanical  prin- 
ciples, tells  us  they  can  form  no  notion  of  an  incorporeal  fubftance,  or  fpi- 
rit  -,  nor  fuppofing  the  foul  were  fuch,  how  it  cou’d  act  upon  the  body  ; 
yet  others  folemnly  profefs  they  have  a clear  and  diftinct  idea  of  fpirit, 
which  they  believe  the  human  foul  to  be  -,  and  deny  they  can  comprehend 
how  any  thing  fhou’d  think  that  is  material. 

Thus  much  for.thofe  who  prefume  to  account  for  all  things  without  fup- 
pofing a God  : others,  more  modeft,  who  yet  incline  to  this  opinion,  might 
propofe  thefollowingobjection.  c<  Tho’ we  cannot  affign  a real  caufe  of  every 
“ effect  in  nature,  we  take  away  the  neceffity  of  a deity,  by  fhewing,  inge- 
“ neral,  that  the  phenomena  of  the  univerfe  are  mechanically  producible.”' 

To  this  I anfwer;  firft,  it  does  not  appear  that  all  thephenomena  of  na- 
ture can  be  folved  by  mechanical  principles,  as  particularly  the  faculties 
and  actions  of  men  -,  and  if  a fpiritual  fubftance  be  here  allow’d,  not  only 
a fundamental  doctrine  of  the  Epicureans , “ That  there  is  nothing  in  the 
“ univerfe  befides  body  and  vacuum,”  is  given  up,  and  the  pofiibility  of 
a fpiritual  fuperintendent  wou’d  likewife  follow.  Secondly,  allowing  them 
explicable  hereby,  ’tis  no  conlequence  that  there  was  originally  no  need  of 
an  intelligent  Being  to  range  and  difpofe  a chaos,  or  infinite  number  of  a- 
toms  into  a regular  v/orld  ; and  to  eftablifh  thofe  principles  whereon  the  pro- 
duction of  numberlefs  creatures  depends  : for  matter,  however  figured  and 
moved,  feems  of  itfelf  as  incapable  of  doing  this,  as  a quill,  when  cut  into 
a pen,  is  unable,  of  itfelf,  to  write.  Befides,  were  an  Epicurean  to  be  told, 
that  a man,  after  having  been  many  years  dead,  came  to  life  again,  he 
’vyould,  I prefume,  reject  the  relation  as  of  a thing  impofiible.  And  why,  but 

becaufe 
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becauie  fo  flrange  an  effect  cannot  be  alcribed  to  chance  ? For  he  knows 
no  power  great  enough  to  colled:  the  fcattered  atoms,  whereof,  according 
to  him,  that  body  was  wholly  compofed,  and  fo  difpofe  and  move  them, 
as  again  to  conflitute  the  fame.  This  example,  indeed,  extends  not  to  all 
the  circumflances  of  the  cafe  ; but  I infer  from  it,  that  a confidering  man 
may  happen  confidently  to  rejebt  what  is  not  abfolutely  impoflible  ; and 
that  fuch  things  may  poffibly  be  efiebted  by  matter  and  motion,  as 
no  wife  man  will  think  produced  without  the  direction  of  an  intelligent 
agent.  Laflly,  Lucretius  affirms,  “ That  the  atoms  made  no  agreement  to  fet- 
“ tie  into  a world,”  and  the  very  notion  of  atoms  implies  them  inanimate  ; fo 
that  did  we  grant  all  the  productions  in  nature  to  refult  therefrom,  the  difficulty 
wou’d  flill  recur,  what  thus  ordered  and  directed  them  ? It  muft,  furely,  be  as 
abfurd  to  think  that  innumerable  fenfelefs  atoms,  as  that  a few  more  bulky  parts 
of  matter,  fhould  jumble  themfelves  intofo  curious  a fabric  as  that  of  the  u- 
niverfe,  or  a human  body  ; and  confequently,  tis  incredible  they  cou’d,  with- 
out the  guidance  and  direction  of  a governing  principle,  conflitute  either. 


SECT.  V. 

BU  T to  refume  our  former  fubject.  Be  it  true  or  falfe  that  fome  things  Lhat  a philo - 
in  nature  tempt  a philofophical  more  than  a vulgar  mind,  to  doubt  th ^fip^uby 
exiftence  of  a deity;  without  difpute,  there  are  others  that  perfuade  the  former  p^rfuadef of 
of  its  certainty,  more  than  they  do  the  latter.  For  many  properties  of  bo-  the  exigency 
dies  are  known  to  thefe,  many  fecret  relations,  and  harmonious  correfpon -of  God,  more 
deuces  between  the  parts  of  the  univerfe,  which  efcape  a fuperficial  view,  vulgar 
So  that  if,  as  ’tis  fuppofed,  Ariftotle  wrote  his  difcourfe  concerning  the  world,  m 1 ' 
towards  the  end  of  his  life  ; ’tis  remarkable  how  he,  who  ufed  to  be  fcep- 
tical  enough,  rifes,  by  contemplating  the  univerfe,  to  lofty  encomiums  of 
its  divine  architect.  But  more  particularly,  he  who  is  ignorant  of  anatomy, 
can  never  receive  thofe  demonftrations  of  wifdom,  from  the  circulation  of 
the  blood,  the  motions  of  the  chyle,  and  other  contrivances  in  a human 
body,  which  croud  upon  an  expert  anatomifb.  There  are  fine  mechanical 
contrivances  in  the  hand,  the  foetus  in  the  womb,  in  the  mufcle,  called 
Marfupialis , that  ferves  to  move  the  thigh,  and  in  many  other  parts  of  the 
body.  JTis  not,  therefore,  furprizing  that  Galen , tho’  no  great  religionifl, 
fhould,  from  contemplating  the  human  ftrubture,  take  occafion  to  compofe 
hymns  to  the  creator.  And  methinks,  ’tis  impoffible  any  man  fhould  be- 
hold a fkilful  diffebtion  of  an  eye,  without  acknowledging  that  a good  ana- 
tomifl  has  flronger  reafons  to  admire  the  author  of  nature,  than  one  who  is 
unacquainted  with  that  art.  Sure  I am,  it  is  nothing  but  our  ignorance  can 
hinder  us  from  giving  juft  praife  to  God  for  that  excellent  manfion  wherein 
the  foul  refides  •,  fince  not  only  David  celebrates  him,  becaufe,  fays  he,  “ I 
iC  am  fearfully  and  wonderfully  made  ;”  but  anatomical  diflebtions,  as  we 
juft  now  obferved,  raifed  even  Galen’s  devotions.  Yet  perhaps,  even  ana- 
tomy itfelf  has  not  difcovered  to  us  all  the  wond’rous  contrivances  in  the 
human  body;  nor  ever  will,  till  a competent  knowledge  of  the  feveral  ani- 
mal fluids,  of  chymiflry,  mechanics  and  philofophy,  be  added  to  a dextrous 

manner 
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manner  of  difie&ion.  Without  fome  acquaintance  with  proportions,  ’twill 
be  hard  to  judge  of  the  fymmetry  of  the  parts  ; as  without  fkill  in  optics, 
’twould  be  impofiible  to  fee  the  wifdom  difplay’d  in  the  ftruCture  of  the  hu- 
man eye,  compared  with  thofe  of  other  animals. 

Farther,  ’tis  manifeft,  from  univerfal  experience,  that  the  ftudy  of  nature 
leads  to  the  belief,  rather  than  the  denial  of  a fupreme  Being.  The  ancient 
philofophers,  who  had  no  revelation,  generally  acknowledg’d  one  •,  as  appears 
from  numerous  teftimonies : and  if  ever  any  real  atheift  appear’d,  their  num- 
ber has  been  inconfiderable,  and  their  patrons  always  efteem’d  as  monfters. 
As  for  the  nations  that,  at  this  day,  are  faid  to  worfhip  God  *,  they  confift 
not  of  naturalifts,  but  irrational  barbarians,  who  cannot  be  faid  to  deny,  but  to 
be  ignorant  of  him  •,  and  that  too,  becaufe  they  know  fo  little  of  his  works. 
But  if  there  be  any  fuch  people  as  thefe,’tis  a ftrong  recommendation  of  phi- 
lofophy *,  and  fhews  that  without  the  afliftance  of  fuppofed  innate  ideas,  rea- 
fon,  alone,  exercifed  upon  the  objeCts  around  us,  will  difcover  a deity.  And 
indeed,  as  the  ftars  in  their  courfes  were  faid  to  fight  againft  Sifera  ; fo  not 
only  they,  but  the  reft  of  the  creatures,  in  their  courfes  fight  againft  atheifts. 
Thilofiphy  in - Again,  philofophy  not  content  to  prove  the  exiftence  of  a God,  inftruCts 

^d^reand  us  a^°  to  ac^mire  an^  celebrate  his  perfections.  The  nobleft  worfhip  has 
celebrate  God,  ^een  Pa^  him  by  the  greateft  part  of  the  world,  where  his  will  was  never 
particularly  reveal’d,  the  temple  of  the  univerfe  fufficed  to  tranfport  them 
with  rational  wonder  at  the  attributes  of  its  author.  And  this  kind  of  devo- 
tion, commonly  rifing,  in  proportion  to  the  difcoveries  made  in  nature,  the 
beft  philofophers  among  the  heathens  always  ftiew’d  the  moft  of  it.  No 
wonder  then,  that  the  Indian  gymnofophifts,  the  Perfian  Magi , the  Egyp- 
tian facrificers,  and  the  ancient  Druids  were  prieftsas  well  as  philofophers. 
And  were  it  not  too  tedious  to  give  inftances  wherein  the  creatures  have 


manifefted  to  philofophers  the  attributes  of  God  ftamped  on  them,  I might 
have  quoted  many  paffages  out  of  both  ancient  and  modern  writers,  to  this 
purpol'e.  Moreover,  were  our  adverfaries  pofition  as  true  as  we  have  (hewn 
it  falfe  •,  wky  muft  a philofopher,  tho’  ever  fo  knowing,  needs  be  an  atheift? 
Philofophy  is  only  one  way  of  coming  to  the  knowledge  of  a God:  reli- 
gion has  other  arguments  to  enforce  fuch  a belief.  The  devils  muft  be  well 
vers’d  in  philofophy  to  inftruCt  magicians  and  their  other  dependents,  and 
wou’d  gladly,  no  doubt,  bend  all  their  knowledge  to  propagate  atheifm  j 
yet  St.  James  tells  us,  “ that  they  themfelves  believe  there  is  a God,  and 
The  fulfilling  “ tremble  at  him.”  It  follows,  that  either  philofophy  does  not,  neceflarily, 
of  prophecies , lead  to  atheifm,  or  that  other  than  philofophical  arguments  may  convince 
and  CW0^hl”Z  the  moft  obftinate  of  the  being  of  a God.  But  to  leave  fpeculation,  and  come 
monfir  ate  the to  fa& : r^e  feafonable  accomplilhment  of  prophecies  and  the  working  of  mi- 
heingofaGod.  racles,  at  once,  demonftrate  the  being,  providence  and  other  attributes  of 
God.  And  asthefe  are  the  ftrongeft  arguments  divines  canufe  for  the  truth  of 
the  chriftian  religion,  I hope,  they  will  allow  the  force  of  them.  I fay,  then, 
if  thefe  arguments  prove  the  truth  of  the  chriftian  religion  (and  what  can 
do  it  more  effectually  ?)  they  confequently  prove  the  exiftence  of  God*. 


* With  this  view  it  was,  that  Mr.  Whifton , in 
conformity  to  the  founder’s  defign,  attempted  to 
Ihew  the  accomplishment  of  the  fcripture  pro- 
phecies, when  chofe  to  preach  Mr.  Boyle  % lec- 


ture. He  endeavours  to  make  it  appear,  that 
none  of  thofe  prophecies  have  a double  meaning* 
and  that  they  refpe&ively  have,  at  their  due  time, 
been  fulfilled. 


Laftly, 
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Laftly,  fo  Fur  is  philofophy  from  leading  to  atheifm,  that  it  Furnifhes  us  'Philofophy 
with  arguments  againft  it.  The  atheifts  have  long  prefumed  themfelves  the/“r*^"  ar 
only  philofophers,  and  to  perplex  others  with  philofophical  notions  *,  yet  a ga™Jnjici- 
fkilful  naturalift  will  greatly  reduce  the  number  of  their  greateft  difficulties,  tbeifm. 
and  eafily  furmount  them.  Eternity,  felf-exiftence,  and  other  attributes 
are  objedbed  by  the  Epicureans  againft  the  being  of  a God ; whilft  they  fup- 
pofe  the  origin  of  .local  motion,  the  infinity  of  fpace,  and  the  divifibility  of 
matter,  which  are  full  as  hard  to  conceive  upon  their  fcheme  *,  fo  that  inftead 
of  one  God,  they  confefs,  as  we  have  feen,  an  infinite  number  of  eternal,  felf- 
fufficient,  immortal,  felf- moving  atoms*,  and  raife  many  more  difficulties 
to  one  accuftomed  to  leave  fecond  caufes,  and  contemplate  fuch  as  have  none. 

Upon  the  whole  *,  I am  afraid  left  the  delightfulnefs  of  philofophy  fhould  toa 
much  devote  men  to  the  creatures,  rather  than  make  them  difbelieve  a cre- 
ator ; for  the  beautiful  variety  of  objedbs  here  prove  fo  charming,  that  we 
fometimes  grow  negligent  of  other  pleafures,  and  even  of  our  religious  duties. 

Tho*  God  being  infinitely  better  than  every  thing  elfe,  he  alone  can  afford 
mankind  their  utmoft  fatisfadbion,  which  thofe  deprive  themfelves  of,  who 
reft  wholly  in  the  creatures. 

But  my  zeal  for  philofophy  has  hurried  me  too  far,  and  given  my  difcourfe 
arelifh  of  the  preacher  *,  yet  I have  Seneca  and  P//>zy  to  bear  me  out  herein:  nor, 
perhaps,  is  it  a fault  thus  to  have  treated  a fubjedb  I fhould  not  have  engaged  in, 
had  I found  any  thing  fatisfadbory  wrote  upon  it  by  others.  But  as  divines 
are  commonly  too  ignorant  of  nature’s  works  to  treat  philosophically  of  them ; 
fo  natural ifts  rarely  prefume  to  handle  them  with  a view  to  religion  *.  I 
cannot,  therefore,  but  acknowledge,  that,  if  this  difcourfe  any  way  anfwers 
the  ends  I propofed  by  it,  I fhall  ever  efteem  it  the  beft  part  of  my  works  ; 
for  I am  perfuaded,  that  whoever  could  bring  philofophical  devotion  into 
the  reputation  it  deferves,  would  honour  God  as  much  as  by  eredting  build- 
ings for  religious  ufes. 

Nor  is  this  kind  of  veneration,  this  A oyw  a ocrpstcc,  luppreffed  by  chriftiani- 
ty  ; for  God  by  affording  us  a revelation,  cannot  have  given  up  his  right  to  us 
as  rational  creatures,  in  which  capacity  we  offer  in  the  world  eucharifts  to  its 
creator.  Galen  could  fay,  that  44  to  manifeft  the  perfedbions  of  God  to  others, 

44  is  a greater  adb  of  religion,  than  to  burn  whole  hecatombs  upon  his  altars 
which  Hermes  Trifmegiftus  thus  confirms,  44  The  thanks  and  praifes  of  men, 

44  are  the  nobleft  incenfe  that  can  be  offered  up  to  God.”  And  God  himfelf 
is  pleafed  to  tell  us,  44  that  he  who  facrificeth  praife,  honoureth  him *,”  and  a- 
gain,  we  learn  that  an  acceptable  part  of  religion  is  the  44  facrifice  of  praife, 

44  and  the  calves  of  our  lips  *,”  by  offering  up  of  which,  we  make  a trueufe  of 
the  creatures  in  referring  them  to  the  creator’s  glory  *,  fo  that  as  44  all  things 
44  are  of  him,  and  through  him,  they  may  alfo  be  to  him.” 


* This  might  be  a merited  reproach  when  Mr. 
Boyle  wrote  thefe  effays ; but  it  has  fince  been 
wiped  off.  by  many  excellent  writers  among 
the  divines.  ’Twere  needlefs  to  name  on 


this  occafion  Dr.  Bentley , Dr.  Clarke , Mr. 
Whiflon , Mr.  Derbam,  and  others,  who  have 
preached  the  lefture  of  our  excellent  author. 
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The  ufefulnef 
of  natural 
philofophy  to 
the  pbyjio logi- 
cal part  of 
medicine. 


Part  II. 

Shewing  the  ufefulnefs  of  natural  philofophy  to 
the  art  of  medicine. 


SECT.  I. 

HAving  feen  the  advantages  accruing  from  natural  philofophy  to  the 
mind  of  man  *,  let  us  next  confider  thofe  it  brings  to  his  body  and 
goods.  And  here,  I muft  own,  that  this  kind  of  ufefulnefs  is  what  fo  highly 
recommends  philofophy  to  me  : ’tis  the  increafe  of  power,  not  amufing 
fpeculations  that  I expedt  from  it.  Nor  dare  I aflume  the  title  of  a natu- 
ralift,  ’till  the  produdtions  of  my  garden,  orchard,  or  fields,  exceed  thofe 
of  others  unacquainted  in  this  fbudy.  Wou’d  we  convince  the  world  of  the 
real  ufefulnefs  of  natural  philofophy,  we  fhould  take  a like  method  with 
Thales  \ who,  ’tis  faid,  being  reproached  for  ftudying  the  ftars,  as  a thing  of 
no  fignificance,  made  all  the  forehand  contradts  he  cou’d  for  olives  of  the 
enfuing  growth  •,  whereby  he  became  immenfely  rich  : for  the  year,  as  he  had 
early  forefeen,  proved  very  bad  for  oil,  which  he,  therefore,  fold  at  his  own 
price  *,  and  thereby  fhewed  that  philofophers  rather  defpife  than  covet  wealth. 

Methinks  it  is  a difgrace  to  a philofopher  when  he  comes  to  confider  the 
art  of  hufbandry,  not  to  be  able,  with  all  his  knowledge,  to  improve  the  pre- 
cepts which  only  illiterate  perfons  have  given  about  it.  From  the  fchool 
philofophy,  indeed,  nothing  of  this  kind  is  to  be  expedted  j but  from  the 
true  principles  of  fcience,  throughly  known,  and  applied,  ’tis  inconceivable 
how  univerfal  and  advantageous  a change  might  be  made  in  the  world. 
What  a turn  has  been  given  to  affairs  by  thofe  two  flight  difcoveries,  the 
needle’s  pointing  to  the  north,  and  the  reludtance  between  falt-petre  and 
brimftone?  And  what  are  all  the  trades  in  the  world,  but  fo  many  corollaries 
or  applications  of  a few  theorems  of  natural  philofophy  ? 

But  the  more  diftindtly  to  fhew  what  improvements  may  be  expedted  in  the 
feveral  arts  by  a due  application  of  natural  philofophy  thereto  *,  we  will  divide 
. them  into  thofe  that  relieve  our  neceffities,  thofe  that  accommodate,  and  thofethat 
delight  us.  To  begin  with  phyfic  •,  tho’  I pretend  not  to  be  a dodtor  in  that 
faculty,  I fhall  follow  the  common  divifion  of  its  branches  •,  and  briefly  ob- 
ferve  how  each  of  them  is  indebted  to  natural  philofophy,  or  farther  improve- 
able  by  it. 

Did  I not  greatly  re  fpedt  Hippocrates , I might  fay,  that  fome  of  the  bloody 
laws  of  Draco  were  lefs  deftrudtive  than  his  fingle  aphorifm,  “ If  a pregnant 
“ woman  be  let  blood,  fhe  will  mifcarry,”  For  experience,  at  length,  has  af- 
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fured  us  of  the  fafety  of  phlebotomy,  even,  contrary  to  his  exprefs  affertion^ 
when  the  foetus  is  large.  But  if  an  error  of  omiflion  may  prove  fo  fatal 
in  phyfic,  what  are  we  to  expeCt  from  thofe  of  commiftion,  and  rafh  pro- 
ceedings ? As  the  phyfician  muft  neceffarily  take  his  principles  from  the 
naturalift;  ’tis  furprizing  that  men,  efteem’d  wife  by  themfelves  and  others, 
fhould  contemn  the  ftudy  of  nature  ; becaufe  we  frequently  fee  thofe  in  pof- 
feffion  of  the  greateft  worldly  happinefs,  at  once  deprived  of  it  all,  thro* 
the  ignorance  or  miftake  of  the  doCtor. 

Our  own  age  hath  fhewn  us  what  light  comparative  may  give  to  human  Theadvanta 
anatomy.  ’Twere  a favage  cruelty  to  diffeCt,  as  did  Herophilus  and  Eri/iJlra-Zes  °f  comPa 
tus , human  bodies  alive  •,  nor  could  many  things,  as  the  motion  of  the  blood  my  t0  p^Cm 
and  chyle,  be  difcover’d  in  a dead  one  *,  it  muff,  therefore,  be  of  ufe  to 
phyficians,  to  fee  living  irrational  animals  differed:  and  thus  the  ladteal 
lymphatic  veffels  came  firft  to  be  difcover’d.  Many  experiments,  alfo, 
may  here  be  made,  which  it  were  imprudent  to  venture  upon  in  the  bodies  of 
men.  The  fpleen  has  been  cut  out  of  a dog  without  any  damage  ; and  I 
lately  afiifted  in  the  experiment  fuccefsfully  made  upon  a young  fetter,  that 
recover’d  in  a fortnight  after  the  operation.  The  empiric  Fioravanti , indeed, 
fays  he  perform’d  it  upon  a fplenetic  lady,  who  lived  many  years  afterwards  ; 
but  tho’  his  relation  were  credited,  the  fituation  of  the  part  forbids  fuch 
an  adventurous  proceedure.  To  know,  that,  tho’  frogs  have  lungs,  and  ufe 
them  as  other  terreftrial  animals,  they  may,  without  fuffocation,  be  detain’d 
for  many  hours,  nay,  fome  days  under  water,  might  help  to  determine  the 
nature  of  refpiration.  And,  generally,  the  parts  of  brutes  are  fo  like  the 
correfponding  parts  in- men,  that  a good  acquaintance  with  the  former,  will, 
in  moft  cafes,  render  the  trouble  of  obtaining  the  latter,  unneceffjry.  Galen , 
who  is  allowed  to  have  been  no  bad  anatomift,  rarely  differed  any  other  *, 
for  in  his  time  ’twas  thought  irreligious  to  put  human  bodies  to  fuch  ufes. 

And  no  wonder,  fmce  to  this  day,  the  life  of  anatomy  and  lkeletons  is  for- 
bid in  Mufcovy  ; the  firft,  as  inhuman  ; the  latter,  as  ferving  to  witchcraft : 
and  we  are  told  by  Olearius , that  one  Quirin , a German  chirurgeon  there,  be- 
ing found  with  a fkeleton,  was  expell’d  the  kingdom,  and  hardly  efcaped 
with  life  : and  the  fkeleton  after  being  dragg’d  about  the  ftreets,  was  burnt. 

There  are  many  other  advantages  of  comparative  anatomy,  which  may  ferve 
to  confirm  any  new  difcoveries,  or  illuftrate  the  true  ufe  of  the  parts  in  men ; 
for  fcarce  any  creature  can  be  well  underftood  of  itfelf,  much  lefs  the  body  of 
man,  without  comparing  it  with  thofe  of  different  animals,  to  fee  where  any 
part  is  omitted,  wherein  it  differs  in  magnitude,  figure,  fituation,  connexion, 

&c.  Thus,  on  the  coaft  of  Ireland , I obferv’d  a kind  of  fifh,  about  the  fize 
of  mackrel,  v^hofe  hearts  feem’d  to  be  inverted  ; their  bafis  lying  towards  the 
tail,  with  the  mucro  pointing  to  the  head,  and  adhering  to  the  Aorta.  The 
lungs  of  vipers,  and  other  creatures,  their  hearts  and  blood,  which  are  always 
actually  cold,  may  make  us  farther  enquire,  whether  the  chief  ufe  of  refpiration 
be  cool  to  the  heart. 

The  fudden  and  continued  collapfion  of  a dog’s  lungs,  difcoverable  upon  a 
large  wound  in  his  cheft,  may  afford  fome  difcovery  in  the  principal  organ  of 
refpiration.  The  hearts  of  vipers,  and  fome  fmaller  fifties,  where  the  contraction 
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and  relaxation  of  the  fibres  may  be  diftindlly  obferv’d,  might  help  to  decide  the 
controverfy  about  the  caufe  and  manner  of  the  heart’s  motion.  To  fatisfy  my- 
felf  in  this  matter,  I have  fometimescut  the  heart  of  a flounder  tranfverfly,  into 
two  parts  •,  and  freeing  each  from  the  blood  it  contain’d,  I obferv’d,  for  a con- 
fiderable  time,  that  both  of  them,  together  continued  their  former  contraction 
and  relaxation.  And  once,  thus  cutting  one  intofeveral  pieces,  I found,  to  my  fur- 
prize,  that  they  not  only  mov’d  as  before,  but  that  even  the  whole  thus  fepara- 
ted,  long  preferv’d  the  fame  fuccefiion  of  motion,  as  appear’d  therein  whilft 
coherent. 

Queftions  concerning  the  ufe  of  the  heart,  and  the  principal  feat  of  life  and 
fenfe,  may  alfo  receive  light  from  this  kind  of  experiments.  I remember,  that 
having  cut  out  the  heart  of  a live  frog,  without  clofing  the  wound,  he,  notwith- 
ftanding,  leap’d  about  the  room,  as  if  no  hurt  had  been  done  him  ; tho’  his 
entrails  hung  out,  and  he  dragg’d  themafterhim.  Upon  his  refling,  we  prick’d 
him,  after  which  he  leap’d  as  before*,  and  being  put  into  water,  he  could 
fwim,  whilft  his  heart  remain’d  in  my  hand.  We  took  out  the  hearts  of  others 
more  carefully,  and  few’d  up  the  wound,  whereupon  they  leap’d  more  fre- 
quently and  vigoroufly  than  the  former  *,  they  alfo  fwam,  and  remain’d  in  water, 
as  if  all  their  parts  were  entire;  fometimes  they  would  nimbly  leap,  firft  out 
of  the  veffel,  and  then  about  the  room;  in  fhort,  fome  furvived  the  exfedlion 
of  their  hearts  an  hour,  and  others  longer.  Thefe  creatures,  notwithftand- 
ing,  cannot  furvivethe  lofsof  their  brain.  To  proceed  to  warm  animals.  I 
obferved  the  heart  of  a chick  unhatch’d,  but  perfectly  form’d,  to  beat  for  above 
an  hour  after  the  head  and  breaft-bone  were  clipp’d  off  to  difclofe  it;  but  the 
auricles  retain’d  their  motion  longer  ; tho’  that  of  the  other  parts  difappear’d 
in  a few  moments  after  the  head  was  off.  The  heart,  when  dead  to  appearance, 
was  often,  by  puncture,  excited  to  frefh  motion  of  fhort  continuance.  This 
experiment  we  repeated  with  the  fame  effed  ; but  when  the  motion  of  the 
heart,  and  its  auricles  became  languid,  ’twas  again  excited  by  placing  them  in 
the  fleam  of  hot  water  ; by  which  contrivance  we  kept  the  heart  beating  for 
an  hour  and  an  half.  At  another  time,  we,  by  the  like  method,  continued  the 
motion  of  that  of  a larger  chick  for  two  hours  and  an  half.  But  this  is  nothing 
to  the  ftrange  vivacity  we  have  obferv’d  in  that  cold  animal  the  viper;  for 
not  only  their  heart,  tho’  fever’d  from  their  bodies,  will  beat  for  feveral  hours; 
but  the  body  itfelf  will  continue  to  twine  and  twift  for  fome  days  after  the 
fkin,  heart,  head  and  entrails  are  taken  from  it  ; and  upon  puudure,  efpeci- 
ally  near  the  fpinal  marrow,  wrill  manifeft  a vivid  motion,  after  they  have 
long  lain  quiet.  And  tho’  Indian  tortoifes  are  very  large  animals  ; Vincent  le 
Blanc  tells  us,  “ when  the  king  of  Pegu , an  admirer  of  them,  defign’d  any  for 
“ his  table,  their  heads  were  cut  off  five  days  before  they  were  drefs’d  ; to  the 
66  end  of  which  time  they,  notwithftanding,  continue  alive.”  To  thefe  might 
be  added  the  common  obfervations  off  flies,  butter-flies,  and  other  infects,  furvi- 
ving  the  lofs  of  their  heads  ; and  not  only  fo,  but  as  I lately  found  in  butter-flies, 
that  they  are  capable  of  procreation  afterwards.  I fhall  not  pretend  to  draw 
any  certain  concjuftons  from  hence ; but  ’tis  fufflcient  to  my  purpofe,  that 
fuch  kind  of  experiments  have  relation  to  the  doctrine  of  the  unceafing  influ- 
ence of  the  brain,  fuppos’d  requiflte  to  fenfe  and  motion, 
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That  the  colour  of  the  blood  is  owing  to  that  of  the  liver,  feems  not  im- 
probable from  the  livers  in  men  ; but  in  hens  eggs,  after  the  third  or  fourth 
day  of  incubation,  the  punftnm  / aliens , or  heart,  is  found  full  of  very  red  blood 
before  the  naked  eye  can  difcern  a liver,  at  leaft  any  rednefs  therein.  And  in 
large  fifh  I have  found  the  vefifels  of  the  liver  full  of  red  blood,  tho’  its  fub- 
ftance  were  white. 

That  the  lofs  of  a limb  is  irreparable  has  been  unanimoufly  believ'd,  yet  the 
common  cafe  of  lizards,  lobflers,  crawfifh  *,  and,  perhaps,  fome  other  animals, 
does  not  confirm  it  abfolutely  true.  The  tails  of  lizards  have,  after  being 
ftruck  off,  been  found  to  grow  again.  Credible  perfons  have  inform’d  me  of 
their  obferving  the  fame  in  lobflers  claws  ; and  I,  myfelf,  have  known  it  in 
thofe  of  craw- fifh. 

An  acid  in  the  flomach  has,  of  late,  been  fuppofed  the  caufe  of  digeflion  ; 
but  in  the  ftom^chs  of  feveral  ravenous  fea-fifh,  my  tafle  could  difcover  no  fuch 
thing  *,  tho’  we  found,  in  one  of  them,  two  other  filhes  thatmeafured  each  a 
foot,  in  length,  whereof  that  which  feem'd  lateft  devour’d,  had  fuffer’d  very 
little  alteration,  whilfl  all  the  external  parts,  except  the  head,  of  the  other,  were 
uniformly  wafted,  or  corroded,  far  below  the  original  furface  of  its  body.  In- 
deed, by  a menftruum  drawn  from  vitriol,  asalfoby  oil  of  vitriol,  I havedif- 
folv'd  roafted  flefh  into  a kind  of  red  or  purple  gelly,  or  liquor ; and  this  with- 
out the  affiftance  of  heat.  Thus  then  it  appears,  that  the  naturalift  may  great- 
ly affift  the  phyfician  in  his  anatomical  inquiries. 

But  befides  thefe  particulars,  the  naturalift  may  alfo  inftrudl  the  phyfician  jiQtvtJ  to  . 
how  to  preferve  the  feveral  parts  of  human  bodies,  or  other  animals.  For  as  ferve  the -parts 
the  ftrudture,  connexion,  &c.  of  the  lefs  common  parts  in  anatomy,  like  the  of  animal  bo - 
alteration  of  plants  in  botany,  are  apt  to  flip  out  of  the  memory  ; it  may  be  dies  for  ana- 
refrefh’d  by  judicious  preparations  in  the  one,  no  lefs  than  by  a proper  collec-  fff  *ur~ 
tion  offpecimens  in  the  other.  We  find,  by  experience,  that  butter-flies,  and 
other  infers,  long  retain'd  their  fhape  and  colours,  by  being  left  properly  tranf- 
fixed  with  pins  on  the  infide  of  boxes.  Refledling  once,  how  long  fpiders,  flies, 
and  other  animals,  have  been  preferved  by  an  accidental  inclofure  in  amber  ; I 
was  induced  to  try  the  like  expedient  with  clear  Venice  turpentine:  by  evapo- 
rating which  to  about  two  thirds,  I obtain’d  a reddifh  tranfparent  gum,  clear 
of  bubbles,  eafily  foluble  by  heat,  and  as  eafily  render’d  brittle  by  cold. 


* M.  Reaumur  has  publilh’d  fome  curious  re- 
marks which  he  made  upon  thefe  animals.  He 
tells  us,  that  feveral  parts  of  them  will  grow 
again  as  well  as  their  claws ; that  their  large 
claws  or  legs  accidentally  break  near  the  fourth 
articulation,  reckoning  from  the  tip,  and  then 
gradually  grow  out  again  to  the  former  dimen- 
fions  ; that  if  one  of  thefe  large  legs  be  pur- 
pofely  broke  at  the  fourth  or  fifth  articulation, 
’twill  come  again,  but  either  not  at  all,  or  not 
fo  well,  when  broke  at  the  firlt,  fecond,  or  third 
articulation,  if  it  were  to  be  left  thus ; but 


that  in  few  days  time  the  creature  itfelf,  pro- 
bably, breaks  the  claw  higher  about  the  fourth 
joint,  for  it  is  then  found  broken  thus  ; af- 
ter which  the  re-produCtion  goes  forwards.  He 
farther  affures  us,  that  if  a part  re-produced  be 
broke  off  a fecond  time,  it  will,  neverthelefs, 
grow  again.  But  the  fummer,  which  is  the 
only  time  wherein  craw-filh  feed,  favours  thefe 
new  productions  much  more  than  any  other 
feafon.  Memoir,  de  l* Acad*  A.  1712.  p.  295, 
321. 
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When  I defign  it  for  ufe,  I melt  it,  being  fird  pulverized,  with  a gentle  heat, 
and  dip  the  body  to  be  preferv’d  feveral  times  therein,  ’till  it  gains  a 
cafe  of  due  thicknefs.  This  fubftance,  indeed,  is  inferior  to  amber,  being  more 
apt  to  gather  dull ; but  care  may  prevent  that,  and  then  its  cheapnefs  will 
recommend  it. 

Nor  are  only  fmaller  bodies  capable  of  this  treatment.  The  external  parts 
of  more  bulky  ones,  as  thofe  of  birds,  filhes,  crocodiles,  and  horfes  are 
found  preferv’d  in  repofitories ; and  many  anatomidscan  eafily  keep  the  inter- 
nal membranous  parts  uncorrupted.  I have  feen  the  veins,  arteries,  and 
nerves  of  a human  body  thus  difplay’d  in  their  proper  fituation,  upon  boards  ; 
as  alfo  the  parts  of  generation,  which  continued  for  many  years  to  be  far 
more  indructive  than  a printed  figure  of  them.  And  I have  known  the 
fiefh  of  vipers  kept  good  for  feveral  years,  by  the  fmoak  of  an  aromatic 
powder.  The  fkeleton  of  a monkey  has  been  fhewn  me,  wjth  the  mufcles 
rais’d,  and  curioufiy  preferv’d  upon  it.  And,  perhaps,  fome  way  may  be 
found  to  keep  the  arteries  and  veins  plump  after  they  are  emptied  of  blood. 
A very  fluid  matter,  which  would  foon  harden,  might  do  this  ; fuch  as 
the  liquid  plaifter  of  burnt  alabader  ; the  gelly  of  ifing-glafs,  or  fugar 
of  lead,  frequently  difiolv’d  in  fpirit  of  vinegar.  To  proceed,  I have 
known  a foetus  long  preferv’d  in  oil  of  fpike  ; and  a large  one,  managed  in 
a different  manner,  appear’d  to  me,  after  many  years,  as  entire,  plump, 
and  frefh,  as  if  it  were  newly  dead  *.  ’Tis  poflible,  fome  nobler  way  than 
what  has  hitherto  been  practis’d  may,  hereafter,  be  found  out ; for  I fuf- 
pe£t  that  faline,  corrofive,  or  hot  bodies  are  not  the  only  ones  which  drong- 
Jy  refill  putrefaction  •,  and  that  embalming  fubflances  may  be  effedlually 
applied  without  mangling  the  body.  Jofephus  Acojia  relates,  that 44  men, 
44  and  the  beads  they  ride  on,  are  fometimes,  on  certain  mountains  of  Ameri- 
44  co , kill’d  by  the  winds ; which,  alone,  afterwards  preferve  them  from  pu- 
44  trefadlion.”  I am  acquainted  with  an  experienced  gentleman,  fam’d  for 
curing  cancer’d  breads,  by  the  external  application  of  an  innocent  powder  : 
and  mufk,  to  my  knowledge,  has  greatly  contributed  to  the  prefervation  of  fiefh. 

’Twere  alfo  proper  to  try  how  far  fpirit  of  wine  would  contribute  to 
preferve  a human  body  *,  for  tho’  it  ftrongly  redds  putrefa&ion,  it  does 
not  fret  the  fiefh  •,  nor  will  its  colour  difguife  the  objedls  therein  contain’d. 
And  I,  myfelf,  have,  for  many  months,  preferv’d  in  it  very  foft  parts  of  a 
body,  without  any  detriment  to  their  figure  or  confidence  \ at  another  time 
we,  for  a long  while,  kept  a iarge  quantity  of  blood  furprizingly  fweet  and 
frefh,  by  mixing  it  herewith*,  nay,  by  means  of  it,  we  even  prevented  a piece 
of  a very  dale  fifh,  from  farther  putrefaction.  I have  alfo  opened  eggs  at 
feveral  days  after  the  beginning  of  their  incubation  j and  taking  out  the  chicks. 


* The  ingenious  Ruyjb  feems  to  have  advanc’d 
the  art  of  injt&ing  and  preferving  the  parts  of 
animals  to  the  greatell  imaginable  degree  of  per- 
fection. Toe  injection  he  performs  by  means 
of  inftrulnents  finer  than  the  threads  of  a cob-  ' 
web,  as,  in  his  late  epiftle  to  the  learned  Boer-  i 


baave,  he  exprefiy  declares  ; fo  that  he  fays  he 
offers  no  violence  to  the  veffels,  nor,  when  he 
pleafes,  diftends  them  beyond  their  natural  di- 
menfions.  By  this  means,  and  by  fome  parti- 
cular way  of  preferving  of  them  afterwards, 
he  has,  as  it  were,  ie-animated  dead  bodies. 


em- 
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embalm’d  each  of  them  in  a diftindt  glafs  of  fpirit  of  wine  carefully  flopp’d. 
When  the  chick  was  large,  I have  fometimes  mixed  with  the  fpirit  of  wine 
a little  fpirit  of  fal-armoniac,  made  with  quick-lime  i for  tho*  this  abounds 
with  an  urinous  fa!t,  *yet  I never  obferv’d  it  to  coagulate  fpirit  of  wine. 
And  I ufually  found  it  convenient  to  let  the  little  animals  firft  lie,  for 
a while,  in  common  fpirit  of  wine,  to  wafh  off  the  loofer  filth  j and  then 
having  put  better  upon  the  fame  bird,  I fuffer’d  . it  to  foak,  for  fome 
time,  therein  ; that  the  liquor  having,  as  it  were,  drawn  what  tin&ure  it 
could,  the  fubjedt  being  mov’d  into  more  pure  and  highly  rectified  fpirit 
of  wine,  might  not  difcolour  it.  And  by  this  means,  alfo,  I preferv’d 
the  head  of  a monftrous  calf ; wherein,  tho*  the  body  of  the  animal  feem’d 
otherwife  perfedt,  there  was  no  fign  of  a nofe  in  the  ufual  place  ; the  two 
eyes  being  united  into  one,  in  the  middle  of  the  brow,  and  furnifh’d  with  but 
one  large  optic  nerve.  The  fclerotis  containing  both  was  fingle,  but  feem’d  to 
have  a Team,  by  which  the  eyes  were  join’d,  that  went  quite  round  ; the  pel- 
lucid part  being  diftindtly  feparated  from  the  two  cornea’s  j each  feeming  to 
have  its  iris  and  pupil  diftindt.  Upon  opening  the  cornea,  there  appear’d  two 
cryftalline  humours.  There  were  four  eye-brows  in  the  head.  Juft  above 
the  eyes  was  a deep  cavity,  out  of  the  middle  whereof  grew  a kind  of 
double  purfe,  which  feem’d  a produdtion  defign’d  for  the  nofe.  Nor  is  it 
hard  to  improve  the  balfamic  virtue  of  this  fpirit. 

From  hence  it  appears  poffible,  that  human  induftry  may,  hereafter,  dif- 
cover  fuch  ways  of  preparing  animal  bodies,  as  will  greatly  improve  anato- 
mical knowledge.  But  the  body  confifting  of  fluid,  as  well  as  folid  parts, 
gives  another  opportunity  to  the  naturalift  of  improving  medicine  ; by  Shew- 
ing not  only  the  difference  between  folidity  and  fluidity  ; but  alfo  by  exami- 
ning into  the  nature  of  feveral  animal  juices,  with  the  alterations  both  they, 
and  the  aliments  they  are  made  of,  undergo  in  their  feveral  ftages.  For,  fince 
the  human  body  appears  to  be  only  a curious  machine  ; a naturalift  well  ver- 
fed  in  chymiftry  and  machines,  may,  doubtlefs  give  fome  new  light  into  its 
phenomena. 


SECT.  II. 

THAT  natural  philofophy  may  aflift  the  phyficianto  difcover  the  nature  ^he  a dvanta - 
and  caufes  of  difeafes,  appears  from  hence,  that  tho’  the  ft m i 1 i tu de  1 

between  a human  body  and  the  world,  be  not  fo  great  a s Paracelfus  ima-  pathology. 
gin’d  *,  yet  the  fame  phenomena  often  happen  in  both,  but  more  confpi- 
cuoufly  in  the  latter ; which  muft,  therefore,  illuftrate  thofe  of  the  former. 

And  certainly,  if  a pkyfician  know  not  how  heat  and  cold,  fluidity  and 
firmnefs,  fermentation,  puirefa&ion,  vifcofity,  coagulation,  diffolution,  &c.  ^ 
are  generated  and  deftro/d  in  moft  bodies,  he  will  be  at  a great  lof$,  when  ties  of  bodies, 
he  comes  to  find  out  the  caufes  of  difeafes  ; for  many  of  them  entirely  de-  and  tkephe- 
pend  upon  the  prefence,  abfence,  or  change  of  thefe  and  the  like 
qualities.  On  the  other  hand,  ’tis  a fine  advantage  to  have  learnt,  by  a uj^ui  t0  a * 

variety  pkyfician. 
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variety  of  experiments,  the  different  ways  whereby  nature  fometimes 
produces  the  fame  effects  •,  for  feveral  folutions  of  the  fame  appearances 
may  hence  arife,  which,  otherwife,  might  never  have  been  dreamt  of. 
This,  furely,  is  no  fmall  advantage  to  a phyfician  ; fince  he,  who  is  on- 
ly acquainted  with  a few  of  nature’s  ways  of  proceedure,  is  unlikely  to  know 
how  abundance  of  difeafes  are  produced;  and,  confequently,  will  fome- 
times  miftake  the  caufe,  and  apply  remedies  accordingly  ; when  the  poor  pa- 
tient, perhaps,  muft  dearly  pay  for  his  phyfician’s  ignorance.  He,  who  knows 
nothing  of  the  origin  and  growth  of  ftones  out  of  the  body,  is  unable  to  ex- 
plain their  production  in  the  bladder  and  kidneys.  Many  famous  phyficians, 
we  find,  have  fuppofed  them  generated  from  flime  baked  to  a hardnefs  by  the 
heat  of  the  part ; and,  accordingly,  directed  for  cure,  remedies  to  moiflen 
and  cool  the  kidneys.  This  notion  could  hardly  have  obtain’d  but  from  the 
ignorance  of  the  ways  of  petrifaction  in  other  cafes  *,  for  a liquor  may  turn  wood 
into  ftone  *,  give  to  other  bodies  hardnefs  and  weight  •,  and  even  produce  cryf- 
tals  in  cold  water  : nay,  infuchcold  aquatic  animals  as  craw-Hfh,  ftrong  con- 
cretions are  generated  otherwife  than  this  hypothecs  fuppofes  *,  for  thofe  bo- 
dies, falfely  call’d  crabs  eyes,  are,  at  certain  times  of  the  year,  taken  out  of  their 
heads.  And  the  offa  alba  of  Paracelfus , produced  upon  a due  mixture  of 
fpirit  of  urine  and  fpirit  of  wine,  is  a different  kind  of  concretion,  ferving 
to  illuftrate  the  fame. 

That  an  earthy  fubftance  may  lurk  undifcern’d  in  a limpid  liquor,  appears 
from  wine,  which  throws  off  to  the  fides  of  the  containing  veffel  a folid  tar- 
tar *,  clear  common  urine,  alfo,  affords  a fediment,  and  if  diflill’d  before  it  fer- 
ments, leaves  an  earthy  portion,  and  commonly  fome  gravel  behind.  Nay, 
reCtify’d  fpirit  of  urine  will,  upon  long  handing,  let  fall  a precipitate,  and 
throw  a multitude  of  fmall  concretions  to  the  fides  of  the  containing  glafs, 
like  thofe  that  are  found  in  urinals.  Ey  barely  mixing  twodiftill’d  and  tranf- 
parent  liquors  together,  I have  often  immediately  obtain’d  a blackifh,  dry, 
and  brittle  coagulation  : and  by  this  means  Helmont  attempts  to  account  for 
the  generation  of  the  ftone  in  human  bodies.  And  tho’  none  ofthefe  ways  be, 
of  themfelves,  fatisfaCtory,  ’tis  fomething  to  give  a probable  account  of 
this  diftemper,  which  feems  more  difficult  and  abftrufe  than  feveral  others. 
So  that  not  only  philofophy,  butchymiftry  alfo,  may  contribute  to  clear  up 
the  nature  of  fome  difeafes. 

The  Galenic  phyficians  ufually  account  for  catarrhs,  by  comparing  the  fto- 
mach  to  a boiling  pot,  and  the  head  to  an  alembic,  wherein  the  vapours  be- 
ing condenfed  by  the  coldnefs  of  the  brain,  diftil  upon  the  lungs,  or  other 
adjacent  parts  ; which  hypothefis,  however  infufficient,  manifefts,  that 
chymical  operations  may  illuftrate  the  dofrrine  of  difeafes.  And  fince  the 
fluids  of  the  body  abound  in  faline  andfulphureous  parts  ; he  who  underftands 
the  nature  of  falts  and  fulphurs,  their  atftions  upon  each  other,  as  well  as  dif- 
ferentbodies,  feems  better  qualify’d  to  difcourfe  rationally  about  their  changes 
and  operations,  than  one  who  is  ignorant  herein.  To  know  that  acid  juices 
may  lodge  in  the  ftomach,  and  elfewhere ; that  the  ferum  is  coagulated  by 
heat ; that  the  blood  abounds  in  volatile  and  fulphureous,  but  manifefts  no 
acid  ftdts  ; that  animal  falts  and  fpirits,  as  fpirit  of  urine,  or  that  of  hart’s- 
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horn, are  able  to  make  a red  folution  with  the  flowers  of  fulphur ; that  fjpirit  of  u- 
rine,  or  of  human  blood,  will  foon  make  a blue  one  with  crude  copper;  to  know 
die  confiftence,  fmell,  crackling,  and  other  qualities  of  the  lympha,  when  expo- 
fed  to  the  fire ; how  acid  liquors  lofe  their  acidity  by  working  upon  fome  bodies, 
as  vinegar  upon  coral ; and  how  faline  ones  degenerate  into  falts  of  another  na- 
ture by  wo;  king  upon  others,  as  oil  of  vitriol  upon  quick-filver ; how  acid  and 
fulphureous  falts,  fometimes  difarm,  fometimes, after  ebullition,  precipitate  each 
other,  and  fometimes  unite  intoathirdfubftance,ofanaturedifferentfromeither, 
as  the  vitriolated  tartar  •,  in  a word,  to  have  made  numerous  careful  trials  upon 
the  human  body,  as  well  as  other  productions  of  nature,  and  to  have  applied  the 
obfervations  made  on  the  latter,  to  illuflratethofe  of  the  former,  more  enables  a 
man  to  explain  feveral  particulars  in  pathology,  than  an  ignorance  of  thefe  things. 

Thechymifts,  methinks,  fpeak  too  flightingly  of  the  humours  of  the  body, 
and  allow  them  too  little  fliare  in  the  production  of  difeafes;  for  the  relations  of 
SkenkiuSy  and  other  eminent  phyficians,  as  to  the  corrofivenefs  of  fome  animal 
juices,  rejeCted  by  urine  or  vomit;  which,  they  fay,  would  ferment  on  brafs, 
fret*  linen,  and  tarnifh  filver ; incline  me  to  believe,  that  too  much  has  formerly 
been  afcribed  to  the  humours,  as  hot  and  dry,  cold  and  moift,  and  too  little  to 
the  faline  and  fulphureous  properties  of  them.  And  Hippocrates  feems  to  con- 
firm this  opinion.  “ ’Tis  not,  fays  he,  cold  or  heat,  moifture  or  drynefs,  that 
produce  fo  great  eflreCts  as  bitter  and  fait,  fweet  and  acid;  infipid  and  (harp; 

“ when  they  come  to  be  undulymixed, and  when  any  of  them  predominate.”  And 
were  thefe  juices  chymically  examined  by  one  who  knows  how  to  volatilize  fix’d 
bodies,  and  to  fix  volatile  ones ; ’tis  probable,  many  things  relating  to  the  na- 
ture of  the  humours,  and  the  ways  of  fweetening,  fharpening,  and otherwife al- 
tering them,  with  the  importance  of  fuch  an  alteration,  may  be  difcovered. 

Nor  might  it  be  unferviceable  to  extend  this  examinations  thenoxious  juices  of 
diftempered  bodies;  as  the  phlegm  expedtorated  from  unfound  lungs,  the  flimy 
excretions  in  a lientery,  or  the  fluid  that  diftends  the  abdomen  in  a dropfy; 
which  latter  I found  of  a different  nature  from  either  water  or  urine ; for  it 
would  keep  long  without  putrefying;  and  upon  evaporation  over  a gentle  fire, 
when  frefh,  it  firfl.  grew  ropy,  then  fizy,  and  at  laft  glutinous. 

Thus,  in  order  to  examine  the  ft  one  of  the  human  bladder,  I carefully  o-  „ 
pened  two  that  had  been  cut  out  by  a lithotomifl,  and  found  each  of  them  to  in” be  human 
conflfl  of  feveral  coats,that  fucceflively  involved  each  other, like  thofe  of  anoni-  bladder,  chy - 
on:  and  the  fame  I fince  obferved  in  a large  (tone  taken  out  of  an  ox’s  gall.  Really  exa - 
They  were  nearly  as  hard  as  common  (tones,  tho’  they  differed  from  each  other  mimd- 
therein.  In  one  of  them  we  found  an  intermediate  coat,  differing  in  colour  from 
the  two  contiguous  ones.  Some  of  the  coats  were  the  length  of  a barley-corn  in 
thicknefs  ; and  tho’  they  clofely  adhered  to  each  other,  they  were  actually  as 
wellasvifiblyfeparable.  In  the  centreof  one  of  them,  we  found  a fmall  foft  oval 
(tone,  fo  loofe  that  we  picked  it  out,  and  preferred  it  as  a rarity.  After  this, 
they  were  finely  powdered,  and  put  into  a fmall  glafs  retort,  (trongly  coated ; and 
luting  a receiver  thereto,  two  ounces  and  a half,  the  whole  weight  of  the  (tones, 
being  diftilled  for  fomehoursin  a naked  fire, afforded  a large  quantityof  volatile 
fait,  and  a reddifh  fpirit,  which  in  the  receiver  coagulated  into  fait.  Upon  fe- 
parating  the  veffels,  we  found, in  the  neck  of  the  receiver, a little  dark-coloured 
Vol.I.  F oil. 
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oil,  but  much  more  in  the  neck  of  the  retort,  incorporated  with  a good  deal 
of  volatile  fait,  of  a fcent  and  a tafte  not  unlike  thofe  of  the  fait  of  unferment- 
ed urine.  The  Caput  mortuum,  a light  coal-black  powder,  appeared  like  fine 
foot,  and  weighed  about  fix  drams  •,  which  fhewed  that  above  two  thirds  of 
the  ftones,  being  volatile,  had,  in  a clofe  vefifel,  been  forced  by  diftillation 
from  the  terreftrial  parts  thereof ; while  the  Caput  mortuum  remained  fixed  e- 
nou<?h  to  give  a fufpicion  that  it  contained  a heavy. oil:  calcining  it,  there- 
fore^ we  reduced  it  to  about  two  drams  of  an  infipid  white  calx  5 which  did 
not  fall  afunder,  like  lime,  when  call  into  water. 

From  this  example  it  fhould  feem  no  great  error  in  the  followers  of  Paracel - 
mineral nC  fus*  to  fay  that  arfenical,  vitriolic,  aluminous,  and  other  mineral-like  fubftances, 
"turTfoundin  are’  generated  in  human  bodies.  We  find  ftony  concretions  not  only  in  the  bo- 
human  bodies*  dies  of  men,  but  of  fucking  children.  The  heat,  it  is  true,  is  not  violent  here; 

but  why  fhould  that  alone  be  fuppofed  the  efficient  of  all  the. changes  our  ali- 
ment undergoes,  when  there  are  diffol vents,  ferments,  ftrainers,  and  other 
powerful  agents  fucceffively  working  upon  it  ? A very  eminent  perfon  tgld 
me  that  in  the  fits  of  an  odd  diftemper,  file  fcmetimes  vomited  up  fo  fharp 
and  fretting  a matter,  that  it  burnt  her  throat,  in  its  palfage,  like  fcalding 
water ; ftained  the  filver  veffels  it  was  received  in,  and  even  worked  upon 
them  like  a corrofive  menftruum.  And  an  intelligent  gentleman,  alfo,  late- 
ly complained  to  me,  that  in  the  fits  of  a ftrange  diftemper  he  laboured  un- 
der, he  frequently  obfervedthat  part  of  his  pillow  along  which  his  breath  paf- 
led,  was  thereby  blacked  over,  as  if  it  had  been  held  in  the  fmoke  of  a fire. 

We  might  here  obferve,  that  the  fame  water  which  in  palling  thro9  a vine  or 
an  apricot  tree,  becomes  fweet  fruit,  in  the  lemmon  or  barberry-tree  is  con- 
verted into  a liquor  able  to  corrode  pearl  and  coral,  like  fpirit  of  vitriol.  Nay, 
credible  writers  affirm,  that  a certain  Indian  fruit  will  immediately  corrode  and 
wafte  the  fteel  inftrument  ’tis  cut  with,  if  its  juice  remain  upon  it ; as  we  fee 
fome  of  our  apples  and  pears  will  foon  black  the  blades  of  knives.  I have 
caufed  a Ranunculus  to  increafe  confiderably  in  weight  and  bulk,  by  allowing 
its  root  nothing  but  fair  water.  And  as  this  plant  is  reckoned  poifonous,  and 
when  externally  applied,  capable  of  raifing  blifters;  why  may  notfuch  aliment 
as  contains  many  parts  more  adive  than  water,  receive  from  feveral  concurring 
caufes  fuch  an  alteration  in  a human  body,  as  to  render  it  like  foffil  falts,  or  o- 
ther  minerals  ? Do  we  not  fee  cancers,  ulcers,  and  fharp  humours  generated  in 
the  body,  deftrudively  imitate  the  operations  of  arfenic  and  corrofive  falts? 
The  infufion  of  antimony  hardly  more  ftimulates  nature  to  difburthen  her 
felf  by  the  mouth  and  Anus,  than  doth  fometimes  a fretting  humour ; as  that 
which  caufes  the  Cholera  morbus,  or  other  more  violent  diftempers. 

And  that  aliments  fhould  thus  degenerate  in  diftempered  bodies,  is  lefs  ftrange 
than  that  water  fhould  be  changed  into  an  hot  veficatory  fubftance  *,  tho’  to  lef- 
fen  the  wonder,  I can  fay,  that  fromafingle  pound  of  common  bread.,  I have 
obtained  many  ounces  of  a menftruum,  which  will  operate  upon  bodies  more 
compad  than  folid  minerals,  or  glafs  it  felf ; and  that  too  more  ftrongly  than 
could  be  expeded  from  Aquafortis.  Thefe  things  are  mentioned  to  intimate 
how  chymical  experiments  might  be  ufefully  applied  to  illuftrate  pathology,  ei- 
ther by  imitating,  artificially,  fuch  kinds  of  morbific  matter  as  are  fometimes 

found 
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found  in  the  body ; or  by  refolving  that  which  is  therein  generated,  to  difcover 
its  nature.  Not  that  I think  chymical  experiments  alone  fufficient  to  explain 
the  doctrine  of  digeftion,  or  difeafes;  it  would  be  difficult  from  hence  to  ffiew 
how  nutrition  is  performed ; or  how  the  feeding  only  on  vegetables  ffiouidplen- 
tifully  (lock  the  blood  and  urine  with  a volatile  fulphureousfalt;  for  plants  don’t 
yield  it  by  diftillation.  Much  harder  would  it  be  from  chymical  principles  to 
account  for  the  hereditary  propagation  of  difeafes;  or  to  ffiew  how  madnefs,  and 
fome  other  diftempers,  which  appear  not  vifibly  to  affedt  the  organs,  whofe 
fundbions  they  pervert,  ffiould  not  only  prove  hereditary,  but  lurk  for  many 
years  in  the  body,  before  they  manifeft  themfelves ; and  fometimesdefcend  from 
grand-father  to  grand-child, fkipping  the  intermediate  fon.  I fay,  therefore,  that 
vulgar  chymiftry  cannot  folve  all  the  pathological  phenomena,  tho’  the  true  kind 
may  affift  in  many  cafes;  and  fome  feem  inexplicable  without  it.  Let  me  add, 
that  a thorough  knowledge  of  the  nature  of  ferments  and  fermentations  would, 
probably,  conduce  to  the  lolution  of  many  phenomena  of  difeafes,  which,  per- 
haps, will  never  be  underftood  by  any  other  means.  There  may,  ’tis  true,  be 
effervefcencies,  and,  perhaps,  periodically,  in  the  blood  and  other  juices,  with- 
out a proper  fermentation.  For  as,  at  the  decline  of  coughs,  the  phlegm  no  long- 
er ftrongly  adheresto  the  veffelsof  the  lungs;  fo  other  humours,  either  by  grow- 
ing more  fluid,  or  the  blood  becoming  fitter  to  diffolve  them,  may  circulate 
herewith,  and  thereby  occafion  preternatural  heats ; whether  thro’  an  indifpofi- 
tion  to  incorporate  with  it,  by  altering  its  texture,  difturbing  its  motion,  pre- 
venting its  due  rarifa&ion,  obftrudting  the  finer  canals,  caufing  extravafations, 
or  any  other  means*.  Experiment  has  ffiewn  there  are  liquors  wherewith  if 
milk, oil, or  even  water  be  mixed,  a remarkable  heat  will  immediately  enfue.  And 
I have  made  ufe  of  a menftruum,  wherein  fleffi  will,  in  a few  minutes,  excite 
an  heat  fcarce  tolerable  to  him  who  holds  the  containing  glafs  in  his  hands.  Nor 
is  this  the  effedt  of  a true  fermentation,  but  rather  of  the  difturbed  motion  of  the 
particles  of  the  menftruum  ; wherein  the  nature  of  heat  feems  chiefly  to  confifh 

But  a naturalift  may  not  only  thus  illuflrate  pathology  as  a chymift,but  al-  Anatomy  tend* 
fo  as  an  anatomift.  The  diffedtion  of  found  brutes  may  promote  the  difcovery  of  to  advance 
the  correfponding  parts  in  human  bodies ; and  the  anatomy  of  morbid  beafts  tribology. 
often  gives  light  as  to  the  feats  and  caufes  of  difeafes  in  men.  ’Tis  certain, 
pathology  has  been  greatly  improved  by  the  diligence  of  the  moderns  in  dif- 
fering of  morbid  human  bodies,  and  thereby  difcovering  the  feat  and  effe&s 
of  the  peccant  matter  thatproved  deitru&ive.  And  the  knowledge  gained  here- 
by may  be  augmented  or  illuflrated  by  making  the  like  obfervations  on  brutes. 

Thus,  by  a chymical  analyfis  of  the  blood  of  ffieep,  deer,  £s?c.  its  phlegm,  fpi- 
rit,  fait,  and  oil  are  found  very  like  thofe  obtained  in  human  blood;  and  in  the 
bodies  of  feveral  other  animals,  worms,  impofthumes,  and  the  like,  feem  ma- 
nifeftly  to  arife  from  the  fame  caufes,  they  do  in  us.  And ’tis  very  remarkable 
that  confiderable  quantities  of  grafs  have  been  found  in  the  Afpera  arteria  of 
cattle,  when  they  were  opened;  and  chyle  in  the  veins  of  men.  ’Twas  thro* 

* Bellini  deduces  the  caufes  and  fymptoms  ofjas  an  explanation  of  that  term;  and  Bellints 
fevers  from  a lentor  of  the  blood,  tho’  what  that  I whole  do&rine  of  fevers,  may  well  be  confi- 
lentor  is,  he  no  where,  that  I remember,  full)  I der’d  as  a comment  upon  this  ufeful  hint, 
declares.  This  paffage  may,  therefore,  fern  ! 
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want  of  fuch  knowledge  thati7<?//^w/afierted  the  ftone  to  be  a difeafe  peculiarto 
man.  There  are  alfo  difeafes,for  the  caufe  whereof,  the  compreftiom  obftru&ion 
or  irritation  of  fome  nerve,  the  diftenfion  of  fome  vein,  or  an  obftrudted  circu- 
lation of  the  blood  in  fome  part,  are  afiigned ; in  which  cafes  we  may  lafely 
venture  to  make  an  experiment  in  brutes  thus  affedted,  in  order  to  fhew  the 
truth  or  falikood  of  the  fuppofition,  and  eftablifh  a juft  method  of  cure. 

A very  tall  and  well-fet  gentleman,  aged  about  24  years,  had  his  fkull  bro- 
ken in  feveral  places,  by  a fall  from  his  horfe ; and  being  a perfon  of  a good 
eftate,  feveral  chirurgeons  attended  him  in  the  courfe  of  his  ficknefs ; during 
which,  he  was  feveral  times  trepann’d,  and  had  feveral  pieces  of  his  fkull  taken 
An  h entitle-  which  left  great  chafms,  as  I have  feen,  between  the  remaining  parts.  With- 
giay  occasion'd,  in  about  three  days  after  his  fall,  this  gentleman  was  feized  with  a dead  palfey 
by  a fmall  on  his  right  fide,  tho’  it  did  not  equally  affedt  his  arm  and  leg ; the  ufe  of  the 
fplinter  of  a latter  being  fometimes  fuddenly  reftor’d  to  him  in  fome  meafure,  an  1 after  a 
utSJthflix'i  whde  almoft  as  fuddenly  loft:  but  his  arm  and  head  were  conftantly  paralyti- 
jnater,  cal,  being  wholly  deprived  of  motion-,  his  arm  having  fo  little  fenfe,  that  it 
would  fometimes  lie  under  his  body  without  his  feeling  it.  But  if  his  hand 
were  prick’d  with  a pin,  he  could  take  notice  of  it.  This  palfey  continued  du- 
ring almoft  the  whole  time  of  the  cure,  which  lafted  24  weeks.  And  when  the 
chirurgeons  were  going  to  clofe  up  his  head,  as  having  no  more  to  do ; one  of 
them,  who  was  an  ingenious  man,  oppofed  all  the  reft,alledging,  that,  if  they 
did  no  more,  the  gentleman  would  lead  an  ufelefs  and  very  melancholy  life ; 
and  that  he  was  confident,  the  palfey  was  fome  way  or  other  occafion’d  by  the 
fall,  which  had  left  fomething  in  the  head  that  they  had  not  yet  difcover’d. 
And  the  gentleman  himfelf  agreeing  to  the  motion,  his  head  was  further  laid 
open-,  and  at  length,  under  a piece  of  proud  flefh,  they  found,  with  much  ado, 
a fplinter  of  a bone,  that  bore  hard  upon  the  dura  mater , and  was  not  pull’d 
away  without  a great  hemorrhage,  and  fuch  a ftretch  of  the  parts,  as  made  the 
patient  think  his  brain  it  felf  was  tearing  out.  But  this  was  foon  remedied, 
and  his  wound  fecurely  heal’d  up;  and  he  is  now  a ftrong  healthy  man,  and 
finds  no  inconvenience  by  having  fo  broad  and  various  a Callus  inftead  of  the 
fkull;  except  that  he  is  a little  liable  to  take  cold  in  his  head.  But  the  memo- 
rable circumftances,  for  the  fake  of  which  I mention  this  hiftory,  were  thefe. 
1.  The  bone  laft  taken  out  was  lefsthan  half  the  nail  of  one’s  finger, and  almoft 
as  thin ; being  in  fize  and  fhape  like  the  fcale  of  a filh  -,  tho’  it  did  not  in  his 
head  lie  flat,  but  bore  hard  upon  the^r^  mater . 2.  He,  in  lefs  than  five  hours 
after  this  bone  was  taken  out,  found  himfelf  able  to  move  his  little  finger ; 
and  (tho’  this  happen’d  in  the  evening)  he  was  the  next  morning  able  to  move 
all  his  fingers,  and  within  two  or  three  days  after,  to  lift  up  his  arm : by 
which  it  feemed  manifeft,  that  fo  little  a body  as  the  fplinter,  produc’d,  in  fo 
robuft  a perfon,  a palfey  of  the  wh^le  fide  it  lay  on.  For  he  found  no  relief 
till  the  bone  was  pull’d  out,  that  is,  till  long  after  the  chirurgeons  had  been  by 
degrees  eating  off  the  proud  flefh  that  grew  about  it.  3.  Remembring  the  im- 
portant controverfy  among  modern  phyficians  and  anatomifts,  about  nutrition 
by  the  nerves,  I inquired  whether  he  did  not  find  a wafting  in  the  limbs  of 
his  body  that  were  affedled  ? He  told  me,  that  when  he  began  to  be  paralytic, 
the  fide  affedted,  greatly  wafted  by  degrees,  and  that  the  paralytic  leg  was  very 
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much  extenuated  •,  but  the  arm  and  hand  much  more  ; Teeming  nothing  but  a 
fyflem  of  bones,  with  the  fkin  palled  on  them;  that  upon  the  removal  of  the 
bony  fplinter,  the  confuir.piion  of  the  part  alfo  began  to  lelfen  ; and  that  in 
no  very  long  time,  his  leg  and  arm  recover’d  their  proper  dimenfions.  And 
I lately  faw  the  reltor’d  arm  well  plump’d  up  with  mufculous  flelh,  tho*  the 
weather  were  exceeding  cold.  He  further  told  me,  that  he  found  no  difference 
between  the  limbs  that  had  been  paralytic,  and  the  others  ; except  that  they 
would  grow  fooner,  and  more  fenfibly  cold  in  fharp  or  frolly  weather. 

This  gentleman  alfured  me,  that  during  the  courfe  of  his  cure,  he  was  al- 
moll  every  fecond  day  let  blood  ; that  he  wanted  not  an  appetite  ; that  for 
the  moll  part,  he  flept  indifferently ; and  laflly,  that  upon  fo  great  a hurt, 
he  did  not  vomit,  nor  had  afterwards  any  convulfions. 

To  proceed,  there  is  a whole  clafs  of  difeafes  produced  by  poifons,  to- 
wards obtaining  a kno  v ledge  whereof,  experiments  upon  brutes  might  great- 
ly conduce  *,  for  altho’  fome  things  may  be  poifonous  to  man,  that  are  not 
fo  to  other  animals,  fcf  vice  verfa  ; yet,  as  the  greatell  number  of  poifons  af- 
fe<5t  both  equally,  the  exhibition  of  them  to  brutes  will  afford  good  opportu- 
nities for  obferving  their  effedls.  Thus  a dog,  I remember,  bore  a quantity 
of  opium  fufficient  to  kill  feveral  men;  and  a cat  run  mad  upon  having  a 
large  dofe  of  it  given  her. 

I am  convinced  by  experiments,  that  vipers  are  poifonous  only  by  their  bite, 
when  enraged  *;  and  that  the  immediate  application  and  continuance  of  a hot 
iron  to  the  wound  they  then  make,  will  prevent  the  ill  confequence  thereof. 

This  I my  felf  tried  in  a man,  who,  for  a reward,  provoked  a black  viper,  Experiments 
and  fuffered  himfelf  to  be  bitten  by  it;  upon  which  the  injured  part  inflantly  to  be  made  up- 
f veiled  : but  having  applied  a heated  knife  as  near  the  wound  as  he  could  en- 071  t0 

dure  it,  for  io  or  12  minutes,  the  fwelling  did  not  increafe,  and  the  man  re- 
ceived  no  farther  harm.  + I could  wifh  more  experiments  were  made  about  Tnd  tbefrZn- 
poifons,  to  determine  whether  their  operations  appear’d  more  fudden  by  be-  tidotes. 
ing  receiv’d  at  the  mouth  ; by  being  applied  externally  ; or  by  wounding  par- 
ticular veffels  with  inflruments  dipt  therein.  For,  I remember  to  have  feen 
fome  Indian  poifons,  whofe  noxious  efficacy  was  affirm’d  to  appear  at  diffe- 
rent diflances  of  time,  and  to  prove  differently  mortal,  according  as  the  ar- 
row infedted  therewith  open’d  a capillary  or  a larger  vein  ; or  wounded  a part 
that  lay  near  or  remote  from  the  heart.  This,  indeed,  I have  not  tried,  fo 
don’t  depend  upon.  Olearius  alfo,  in  his  travels,  tells  us  of  a venomous  in- 
fedl  in  Perfia , by  the  natives  called  Encureck , which  he  fuppofes  a kind  of 
tarantula,  that  neither  flings  nor  bites  ; but  letting  fall  his  venom  like  a drop 


* The  poifon  conftfts  in  an  aftual  liquor,  con- 
tain’d in  peculiar  bags  which  in  about  t .e quan- 
tity of  a drop,  is  forcibly  imm.tted  in  the  bite. 
This  venomous  liquor  view’d  thro’  a micro- 
fcope  appears  to  be  a parcel  of  fmall  'igid  falts 
brific  y floating  in  a fluid,  which  when  extra- 
vafated,  fcon  fhoots  into  cryflals,  incredibly 
fmall  ar.d  fharp ; with  fomething  like  little 
knots  up  and  down  therein.  See  Mead  of  Poifons, 
P*  9>  4D  i47* 


f But  this  remedy  failed  M.  Caras , and  is 
not  fo  certain  as  the  viper-fat,  rubb’d  into  the 
wound  foon  after  it  is  received.  Dr.  Mead  { uc- 
cefsfully  made  the  experiment  with  it  twice, 
upon  dogs;  and  ’tis  the  principal  thing  whereon 
the  viper  catchers  rely,  when  they  are  bitten. 
See  Mead’/  EJfays  on  Poifons.  Ed.  z.  p.  27,  30. 
For  more  experiments  made  with  vipers,  See 
Philof  Tranfaft,  No,  87.  p.  5a,  6o» 
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of  water,  it  immediately  caufes  infufferable  pain  in  the  part,  and  foon  after- 
wards fo  profound  a fleep,  as  only  one  remedy  can  raife  from,  and  that  is  to 
crufh  one  of  thofe  creatures  upon  the  part  affecled.  Thefe  infe&s,  never- 
thelefs,  are  eat  by  the  fheep  of  that  country  without  any  hurt.  I know  alfo, 
by  fad  experience,  what  an  external  application  of  Caniharides  c an  do.  Hav- 
ing once  occafion  for  a large  veficatory  in  my  neck,  Cantharides  were  put  in- 
to it  as  an  ingredient,  without  my  knowledge  ; which  waked  me  in  a few 
hours  after  the  application,  with  an  exceflive  torment  about  the  neck  of  my 
bladder*,  but  I foon  relieved  my  felf  by  drinking  new  milk,  well  fweeten’d 
with  fugar-candy  *. 

I may  here  mention  fome  late  experiments  made  to  fhow  the  effedts  of  li- 
quid poifons  conveyed  immediately  into  the  blood  ; and  particularly  that  fa- 
mous one  of  Mr.  Chriftopher  Wren , who  contrived  a new  way  of  inje&ing 
them.  I procured  a large  dog,  into  the  vein  of  whofe  hinder  leg  we  con- 
vey’d, by  a fyringe,  a fmall  dofe  of  a warm  folution  of  opium  in  fack.  The 
effects  whereof  became  manifeft:  as  foon  as  we  cou’d  loofe  the  dog  from  the 
cords  wherewith  his  feet  were  tied  *,  for  he  immediately  began  to  nod  and  reel 
as  he  walk’d*,  whereupon,  to  preferve  his  life,  I ordered  him  to  be  kept  awake 
by  whipping,  which  after  fome  time  brought  him  to  himfelf*,  fo  that  he  foon 
grew  fat  upon  it  f . The  fame  gentleman,  at  another  time,  injedted  in  the  fame 
manner  about  two  ounces  of  Vinum  benedibfum^  which  operated  fo  violently 
that  it  foon  killed  the  dog. 

I afterwards  wifh’d,  that  not  only  deleterious  drugs,  but  their  antidotes, 
ftrong  liquid  cordials,  and  alteratives,  might  likewife  be  injedted,  in  a large 
dofe : and  was  told  it  had  been  fuccefsfully  tried  with  diuretics  +.  I alfo  pro- 
pofed  that  the  fame  experiments  might  be  made  upon  malefactors ; and  not 
long  afterwards  a foreign  ambafiador,  refiding  in  London , inform’d  me  that  he 
caufed  fome  Vinum  benedittum  to  be  thus  injedted  into  an  inferior  fervant  of 
his,  who  had  deferved  the  gallows ; but  the  fellow  fainting,  or  pretending  to 
faint,  as  they  were  about  it,  occafion’d  them  to  defift.  It  might  likewife  be 


* The  common  remedy  in  this  cafe,  and 
which  may  not  improperly  be  call’d  the  fpecific 
for  it,  is  a ftrong  folution  of  gum-arabic  in  wa- 
ter, fweeten’d  and  drank  pretty  freely. 

■f  Dr.  Mead  forced  into  the  ftomach  of  a 
fmall  dog,  about  half  a dram  of  crude  opium 
diffolved  inhoiling  water.  This  the  dog  quick- 
ly vomited  up,  but  afterwards  the  DoCtor  made 
him  take,  and  retain  3 or  4 fuch  dofes  in  about 
an  hour’s  time ; when  the  dog  began  to  fleep, 
but  prefently  ftarted  up  with  convulfions,  fell 
into  universal  tremblings,  loft  the  ufe  of  his 
hind-legs,  which  prefently  grew  ftiff ; then,  on 
a fudden  his  limbs  grew  limber,  and  he  died. 
Being  opened,  the  ftomach  was  found  wonder- 
fully diftended,  and  fomewhat  inflamed.  The 
pylorus  was  contracted,  the  blood- veflels  of  the 


brain  very  full,  with  a lump  of  concreted  blood 
in  one  part  of  it.  EJJays  on  Poifons , p.  152,  153. 

$ Dr.  Friend  made  the  following  experi- 
ments, with  a view  to  fhew  the  manifeft  alte- 
rations that  different  medicines  would  caufe  in 
the  blood. 

1.  Having  injedted  into  the  jugular  vein  of  a 
dog,  £iifs  of  the  panacea  of  opium,  the  dog  ex- 
pired in  4 minutes ; no  ftiffnefs  appearing  in  his 
limbs.  Upon  opening  the  Vena  cava  and  de- 
scending trunk  of  the  Aorta , the  blood  flow’d 
out  exceedingly  thin  and  bright ; the  lungs  ap- 
peared red,  and  much  diftended.  The  blood 
was  wonderfully  fluid  in  the  heart;  and  the  ven- 
tricles thereof  were  as  free  from  any  coagulum, 
as  if  they  had  been  wafh’d  with  hot  water. 
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of  fervice  in  phyfic  to  transfufe  the  blood  of  one  animal  into  another  •,  and 

with  this  view  ’twere  proper  to  oblerve,  whether  by  transfufing  of  blood,  the  In(lu'irics  f°r 

dilpofition  of  individual  animals  of  the  fame  kind,  may  not  be  much  altered : f 

animal i* 


2.  Six  drams  of  London  laudanum,  being  dif- 
folved  in  cinnamon  water,  and  given  to  another 
dog ; he  was  prefently  after,  feized  with  trem- 
bling, and  convulfions,  which  were  followed  by 
a prodigious  falivation.  In  a quarter  of  an  hour 
the  dog  died.  Being  open’d,  there  was  found 
in  his  ltomach  and  guts,  a milky  matter  inti- 
mately mix’d  and  ting’d  with  the  laudanum.  The 
arteries  and  veins  were  remarkably  diftended, 
and  the  blood,  all  over  the  body,  was  incredi- 
bly rare  and  thin. 

3.  Two  ounces  of  fpirit  of  wine  were  in- 
jetted  into  the  jugular  vein  of  a dog ; and  his 
body  being  opened  in  half  a quarter  of  an  hour 
after,  the  blood  in  all  the  veins  and  arteries  was 
found  ftrongly  concreted  into  clots ; but  more 
fo  in  the  ventricles  of  the  heart, 

4.  Six  drams  of  fpirit  of  fal-armoniac,  pre- 
pared with  quick-lime,  being  injected  into  the 
jugular  vein  of  a dog  ; he  was,  within  a quarter 
of  an  hour,  convulied  over  his  whole  body. 
The  crural  vein  being  firft  open’d,  and  next 
the  jugular ; the  blood  that  ran  out  was  very 
fluid  and  thin,  fmelt  ftrong  of  the  urinous 
fpirit,  and  appeared  full  of  bubbles  of  air.  Soon 
after  half  an  ounce  more  of  the  fpirit  was  in- 
jetted,  the  dog  expired.  His  thorax  being  o- 
pen’d,  the  lungs  appear’d  exceeding  red,  and  as  it 
were  inflam’d ; and  the  blood  in  all  the  arteries, 
and  veins,  and  alfo  in  the  heart,  was  vaflly  thin 
and  rarified  ; only  in  the  defcending  trunk  of  the 
Vena  cava , from  the  liver  to  the  heart,  ’twas 
found  thick  and  compatt ; as  when  ’tis  extra- 
vafated,  and  a little  cooled.  This  doubtlels, 
happened,  becaufe  that  whilft  the  fpirit  was 
continually  propell’d  from  the  jugular  into  the 
right  auricle  of  the  heart,  the  blood  in  the  de- 
fcending Vena  cava  cou’d  not  come  to  the 
heart;  fo  that  being  there  detained  and  ftagnant, 
it  requir’d  fuch  a confidence. 

5.  An  ounce  and  half  of  a ftrong  decottion  of 
the  Peruvian  bark  was,  likewife,  injetted  into 
the  jugular  vein  of  a dog.  In  a quarter  of 
an  hour,  he  was  taken  with  a ftrong  and 
frequent  puliation  of  the  heart,  and  afterwards 
with  convullive  twitchings.  Half  an  ounce 
more  being  injetted,  he  died  convulfed.  From 
the  crural  and  axillary  vein,  when  opened,  there 
flow’d  a bright  liquid  blood.  T he  thorax  be- 
ing open’d  on  the  day  following,  the  lungs  ap- 
peared exceeding  red  and  turgid ; much  blood 
was  found  compacted  in  the  right  ventricle  of 


the  heart,  but  little  in  the  left,  and  that  fefHci- 
ently  fluid.  It  alfo  run  fluid  and  more  raie  than 
in  its  natural  ftate,  from  the  Vena  porta  and  the 
jugular. 

6.  At  nine  o’  clock  in  the  morning,  two 
ounces  of  Lowers  chalybeate  tintture  were  given 
to  a dog ; and  little  change  appeared  in  him ; on- 
ly he  dagger’d  as  if  he  were  drunk:  at  12  o’ 
clock  he  iwallow’d  an  ounce  of  Heel,  prepared 
with  fulphur,  mix’d  up  in  butter:  and  at  three 
in  the  afternoon  the  dofe  was  repeated  : at  6 
two  ounces  more  of  Lower* s tintture  were  in- 
jetted into  the  jugular  vein.  Upon  which  he 
prefently  began  to  refpire  ftrongly,  and  his  heart 
beating  violently  for  an  hour  after.  When 
dead,  his  abdomen  was  opened,  the  periftal- 
tic  motion  of  the  inteftines  was  obferved  to 
continue  for  a long  time.  A mafs  of  chalybeate 
matter  found  in  the  ftomach ; all  the  guts,  their 
internal  coats  appearing  tinged  of  an  iron  co- 
lour : the  blood-veflels  and  the  latteals  were 
greatly  diftended.  From  the  iliac  vein,  when  cut, 
there  flow’d  a liquid  blood,  as  if  the  dog  had  been 
alive : and  from  the  heart,  where  wounded,  it 
fprung  out  with  a force,  and  appeared  exceeding 
rare  and  red.  At  12  o’clock  a large  quantity  of 
blood  appear’d  yet  fluid  in  the  heart,  and  the 
canals  belonging  to  it ; but  it  was  lefs  fluid  than 
in  the  former  experiment. 

7.  A dog  being  made  to  take  a dram  of  corro- 
five  fublimate,  was,  in  a quarter  of  an  hour,  fei- 
zed with  a vomiting  and  violent  convulfions ; 
and  in  an  hour’s  time  it  made  him  purge,  and  he 
died.  His  abdomen  being  opened,  all  the  vifeera 
appear’d  exceeding  red,  and  in  many  places  in- 
flam’d ; a very  large  quantity  of  extravafated 
blood  lying  about  the  pancreas,  fo  that  the  glands 
thereof  appeared  diftintt,  as  if  they  had  been  le- 
paraied  from  one  another.  The  canals,  alfo,  were 
(o  diftended  that  the  fmall  veflels,  which  run 
between  the  coats  of  the  veins  and  arteries,  were 
vifible.  The  kidneys  and  fpleen  were  filled 
with  a liquid  blood.  The  lungs  appeared  red 
and  turgid  ; and  a very  large  quantity  of  totally 
fluid  blood  was  found  in  the  heart;  and  the  fame 
fort  ifiued  from  all  the  veins  and  arteries. 

8.  An  ounce  and  half  of  the  fpirit  of  vitriol, 
being  injetted  into  the  jugular  vein  of  a dog  ; 
he  was  loon  taken  with  a difficulty  in  his  re- 
fpiration  ; and  with  the  utmoft  labour  of  his 
lungs,  died  convulfed.  The  blood  in  his  veins 

was 


4o 


The  Ufefulnefs  of  Phllofophy. 

as  whether  a fierce  dog,  by  being  quite  new  (locked  with  the  blood  of  a cow- 
ardly dog,  may  not  become  more  tame,  and  vice  verfa . 

Whether  immediately  upon  unbinding  a dog,  replenifhed  with  adventi- 
tious blood,  he  will  know  and  fawn  upon  his  mailer  ; and  do  the  like  cuflo- 
mary  things  as  before  ? And  whether  he  will  do  fuch  things  better  or  worfe, 
fome  time  after  the  operation. 

Whether  the  peculiarities  of  dogs,  will  either  be  abolifhed,  or  impaired  by 
transfufion?  As  whether  the  blood  of  a maftiff,  being  frequently  transfufed  in- 
to a blood- hound,  or  a fpaniel,  will  not  prejudice  them  in  point  of  fcent  ? 

Whether  acquired  habits  will  be  deftroyed  or  impaired  by  this  experiment? 
As  whether  a dog  taught  to  fetch  and  carry,  to  fet,  &c.  will,  after  frequent 
and  full  recruits  of  the  blood  of  dogs,  unfit  for  thole  exercifes,  be  as  good  at 
them  as  before  ? 


was  found  very  thick  and  greatly  concreted ; but 
fo  unequally,  that  much  of  the  ferum  feem’d 
uncoagulated.  A thick  grumous  matter  fill’d 
the  ventricles  of  the  heart,  almoft  like  a poly- 
pus ; black  blood  ftagnated  in  the  lungs,  and  a 
part,  being  extravafated,  adhered  to  fome  of  the 
lobes  thereof.  The  fame  fpirit  of  vitriol,  being 
inje&ed  into  a dog,  which  a little  before  had 
taken  two  ounces  of  liquid  laudanum,  turned 
his  blood  exceeding  liquid,  part  of  which  was 
juft  before  let  out  from  a vein,  grumous. 

9.  A little  dog  having  by  injedion  received  in- 
to hfi  jugular  vein  two  fcruples  of  Saccharum 
Saturni , diflolved  in  half  an  ounce  of  the  de- 
cottion  of  pomegranate  (hells  j the  motion  of 
his  heart  prefendy  began  to  languifti ; his  re- 
fpiration  became  hard  and  difficult;  and  convul-l 
fions  feizing  him,  he  died  in  five  minutes.  The 
jugular  and  iliac  veins  being  opened,  blood  if- 
fuedout  thereof,  that  was  partly  fluid,  and  part- 
ly grumous  and  thick  concreted,  fomething 
like  an  oil  floating  upon  it,  which  in  tafte  re- 
fembled  Saccharum  Saturni.  The  blood  in  the 
aorta  was  fo  concreted,  that  it  was  almoft  fi 
brous.  The  lungs  were  full  of  coagulated 
blood,  and  in  fome  places  inflamed.  The  blood 
in  the  heart  was  fo  concreted,  that  it  feemed  to 
grow  to  the  pillars  of  its  ventricles 

10.  Half  a dram  of  dragon's  blood,  diflolved 
in  warm  water,  being,  at  twice,  .injefted  into 
the  jugular  vein  of  a large  dog  ; the  motion  of 
his  heart,  and  his  refpiration  were  more  fre- 
quent, and  afterwards,  without  any  ill  fymptom, 
he  luddenly  fell  down  dead.  Soon  after,  the 
mufcles  of  his  thorax  were  fo  convuifed,  that 
they  appeared  both  to  the  fight  and  touch  alter- 
nately to  comradt  and  relax  themfelves.  The 
jugular  vein  being  opened  towards  the  head, 
a frothy  blood  came  out,  almoft  one  half  whereof 
was  clotted.  That  in  the  iliac  vein  was  wholly 
concreted  into  a lolid  mafs ; fome  fmall  portions 
of  it  appearing  as  compact  as  if  the  cavity  of 
the  vein  had  been  injected  full  of  wax.  The 


fmall  veflels  which  run  thro’  the  external  coat 
of  the  kidneys,  were  very  vifible  : the  lungs 
appeared  turn’d  with  concreted  blood  ; and  the 
heart  was  greatly  diftended  with  fome,  that,  in 
the  right  ventricle,  was  as  thick  as  gelly  ; but 
more  lolid  in  the  left. 

11.  Two  ounces  of  vinegar,  thrown  into  the 
jugular  vein  of  a dog,  only  caufed  his  heart  to 
beat  more  frequent  ; two  ounces  more  made  his 
refpiration  difficult  and  troublefome ; but  this 
went  off  upon  letting  out  a large  quantity  of 
blood,  which  appeared  fomewhat  clotted,  from 
the  iliac  artery.  The  fame  dofe  being  again  in- 
jected, the  dog  expired.  A very  thick  mafly 
blood  came  from  the  iliac  vein  when  opened  ; 
in  the  other  veins,  and  in  the  arteries,  ’twas 
lightly  concreted  ; but  in  the  heart,  and  efpeci- 
ally  in  the  left  ventricle  thereof,  fome  part  of  it 
was  ftrongly  coagulated. 

12.  Hall  an  ounce  of  Spir,  Sa/is  Dulc.  injeCt  - 
ed,  after  the  fame  manner,  into  another  dog;  his 
refpiration  thereby  became  ftrongand  high  ; but 
by  degrees  it  funk  fo  fall,  that  the  deg  died 
before  the  injection  was  finilhed.  The  blood 
appeared  greatly  concreted  in  a 1 the  veins  and 
arteries.  The  lungs  were  inflamed,  the  heart 
filled,  and,  as  it  were  diftended  with  blood  j fo 
that  four  ounces  were  taken  from  the  right  ven- 
tricle, concreted  like  a gelly.  In  the  left  there 
was  little,  but  ftrongly  coagulated  ; and  in  the 
aorta  ’twas  like  a polypus. 

13  Half  a dram  of  fait  of  fteel,  diflolved  in 
tuo  ounces  of  water,  and  injected  into  the  ju- 
gular vein  of  a dog,  gave  him  a palpitation  of 
the  heart,  and  a very  great  difficuliy  of  refpira- 
tion ; upon  which  he  died.  The  blood  in  the 
iliac  vein  was  not  concreted,  but  a little  clotted. 

In  the  heart  and  aorta  it  was  fomewhat  coagu- 
lated, but  lets  than  in  othtr  experiments.  Friend 
Emmenolog, , p.  167,  171.  180 — 183.  For  more 
experiments  of  this  kind,  made  upon  arterial  and 
venal  blood,  and  upon  the  ferum.  See  Pitcairn,  • 
Element,  Med.  p.  28 — 33. 
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Whether  any  confiderable  change  is  to  be  obferved  in  the  pulfe,  the  urine, 
or  other  excrement  of  the  receiving  animal,  or  in  the  quantity  of  his  infen- 
fible  tranfpiration  ? 

Whether,  the  other  dog  being  full  fed  at  fuch  a didance  of  time  before  the 
operation,  that  the  mafs  of  blood  may  be  fuppoled  to  abound  with  chyle,  the 
receiving  dog,  being  hungry  before,  will  lofe  his  appetite  more,  than  if  the 
emittent  dog’s  blood  had  not  been  fo  chylous?  And  how  long,  upon  opening 
a vein  of  a dog,  the  admitted  blood  will  be  found  to  retain  chyle  ? 

Whether  a dog  may  be  kept  alive  without  eating,  by  frequently  injedting 
the  chyle  of  another,  taken  frefhly  from  the  receptacle,  into  the  veins  ? 

Whether  a dog  that  is  fick  of  fome  difeafe,  chiefly  imputed  to  the  mafs  of 
blood,  may  be  cured  by  exchanging  it  for  that  of  a found  dog  ? And  whether 
a found  dog  may  receive  fuch  difeafes  from  the  blood  of  a fick  dog,  as  are  not 
otherwife  of  an  infedlious  nature  ? 

What  will  be  the  effedl  of  frequently  (locking  an  old  and  feeble  dog  with 
the  blood  of  young  ones,  as  to  livelinefs,  dulnefs,  drowfinefs,  &c. 

Whether  a fmall  young  dog,  by  being  often  frefh  (locked  with  the  blood 
of  a young  dog  of  a larger  kind,  will  grow  bigger  than  the  ordinary  fize  of 
his  own  kind  ? 

Whether  any  medicated  liquors  may  be  injedled,  together  with  the  blood, 
into  a dog  ? And  in  cafe  there  may,  whether  will  there  be  any  confiderable 
difference  found,  between  the  feparations  made  on  this  occafion,  and  thofe, 
which  would  be  made,  if  fuch  medicated  liquors  had  been  injedled,  with 
fome  other  vehicle,  or  alone,  or  taken  in  at  the  mouth  ? 

Whether  a purging  medicine  given  to  the  other  dog,  a while  before  the  o* 
peration,  the  receiving  dog  will  be  thereby  purged,  and  how  ? 

Whether  the  operation  may  be  fuccefsfully  pradtifed,  in  cafe  the  injedled 
blood  be  that  of  an  animal  of  another  fpecies,  as  of  a calf  into  a dog,  &V.  and 
of  a cold  animal,  as  of  a filh,  frog,  or  tortoife,  into  the  veffels  of  a hot  ani- 
mal, and  vice  vetfa  ? 

Whether  the  Colour  of  the  hair  or  feathers  of  the  receiving  animal,  by  the 
frequently  repeating  this  operation,  will  be  changed  into  that  of  the  other  ? 

Whether  by  frequently  transfufmg  into  the  fame  dog,  the  blood  of  fome 
animal  of  another  fpecies,  fomething  further  and  more  tending  to  a degree  of 
change  of  fpecies,  may  be  effedled,  at  lead  in  fimilar  animals,  as  fpaniels  and 
fettingdogs,  Irijh  grey-hounds,  and  ordinary  grey-hounds,  ? 

Whether  the  transfufion  may  be  pradlifed  upon  pregnant  bitches,  at  lead 
at  certain  times  of  their  gravidation  ? And  what  effedt  will  it  have  upon 
the  whelps  * ? 


* From  feveral  experiments  of  the  transfufion 
of  the  blood,  mentioned  in  thePhilofopbical Tranf 
a PI  ions,  it  appears,  that  the  blood  of  young  crea 
tures,  admitted  into  old  ones,  makes  them,  as 
it  were  young  again.  And  the  principal  advantage 
hitherto  gained  by  fome experi menu  is  the  know- 
VOL.  I. 


ledge  that  one  animal  may  live  with  the  blood  of 
another;  and  that  thofe  animals,  which  want 
blood,  or  have  it  diftempered,  may  be  fupplied 
with  afufHcient  quantity  of  fuch  as  is  good  from 
other  animals. 


sect. 
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SECT.  III. 

The  advan - f |"^H  O5  the  femeiotical  part  of  phyficfeems  lefs  capable  than  any  of  recei- 
tagesofnaiu-.  vlng  improvements  from  natural  philofophy,  yet  by  giving  light  to 
/ * tL  femeio-  anatomy  and  pathology,  ’twill  enable  a phyfician  the  better  to  form  a judg- 
tical part  of  ment  upon  the  conffitutions  of  his  patients,  and  the  fymptoms  of  their  diieafes. 
medicine.  For  certainly,  to  be  acquainted  with  the  folids  and  fluids  of  the  body,  is  the 
bed  qualification  for  this  purpofe.  A naturalift,  alfo,  by  improving  the 
curative  part  of  medicine,  may  alter  the  duration,  feverity,  and  event  of 
diflempers;  for  the  common  predictions  of  phyflcians  are  built  upon  the  pre- 
lent  eftablifh’d  remedies,  and  a dogmatical  method  of  cure : whereas,  if 
generous  and  powerful  medicines  were  difcover’d,  they  need  not  fo  often, 
in  acute  cafes,  wait  for  a crifis  to  inftrudt  them  *;  and  the  threatning  fymp- 
toms of  chronical  diflempers  would  prefently  prove  fallacious. 

The  Peruvian  When  the  Peruvian  bark  was  fcarce  heard  of  among  us,  I reconi - 
i’^rdT?'  mended  it  to  feveral  of  my  friends  afflicted  with  quartans,  in  the  moft 
GryueSt  J unfavourable  feafon  of  the  year  ; and  under  fuch  disadvantageous  circum- 
ftances,  that  their  phyflcians  only  hopes  depended  upon  better  conjunctures  > 
yet,  to  the  furprize  of  them  all,  it  never  failed.  Some,  indeed,  fuffered  re- 
Japfes,  but  they  were  again  relieved  by  repeating  the  medicine ; fo  that  many 
eminent  phyflcians,  moved  by  thefe  examples,  gave  into  the  ufe  of  it,  and 
were  never  deceived  thereby  -f.  And  granting  relapfes  do  happen,  yet  it  is 
very  ferviceable  to  procure  a refpite,  wherein  a phyfician  may  have  recourfe 
toother  remedies  ; tho*  the  bark  is  every  way  fufficientin  a prudent  hand  that 
knows  how  to  afiift  it  by  gentle  purgatives  ■£.  I cannot,  therefore,  but  won- 
der it  has  never  been  tried  in  other  difeafes  ; for  ’tis  highly  probable  that  a 
medicine  able  to  prevail  againft  fo  obftinate  a diftemper  as  a quartan,  wherein 
many  of  the  moft  confiderable  parts  of  the  body  are  afteCted,  fhould  be  ineffec- 
tual in  others  §.  But  whether  this  remedy  expels  the  morbific  matter,  or  alters 


* This  is  an  ufeful  hint  to  phyflcians : to  wait 
for  a crifis  is  leaving  the  diftemper  to  itfelf ; to 
promote  it,  is  determining  the  fate  of  the 
patient  the  fooner;  but  to  prevent  it,  where  this 
can  be  done  with  fafety,  is  the  thing  we  ought 
principally  to  endeavour. 

•f  ’Tis  a curious  obfervation  of  Dr.  Freind, 
that  phyflcians  unjuftly  complain  of  the  uncer- 
tain effeds  of  remedies ; and  that  the  fault  they 
attribute  to  the  medicine,  is  in  truth  their  own. 
For  he  fhews  that  the  different  operation  of  re- 
medies arife  not  from  a change  of  virtue  in  the 
medicament,  which  continues  always  the  fame, 
but  from  the  different  ftate  of  the  body  wherein 
it  is  applied.  The  adion  of  tne  former,  fays  he, 
is  ever  limilar  to  itfelf ; tho',  according  to  the 
different  ditpofition  of  the  body,  it  may  ft. cm  to 
produce  different,  and,  perhaps,  contrary  effeds. 
Thus  the  lame  fire  will  foften  feme  things  and 
harden  others,  by  ading  in  the  fame  manner ; ana 

\ 


a fever,  if  the  blood  be  thin,  will  raife  the  pulfe, 
but  deprefts  it,  if  that  be  thick : fteel,  if  the 
veffels  will  fuffer  a farther  diftenfion,  opens  ob- 
jftrudions,  but  increafes  them  if  the  veffels  will 
yield  no  more:  emetics  prove  cathartic  ifthefto- 
mach  be  ftrong  ; and  cathartics  prove  emetic  if 
that  bew'eak  : fudorifics  thin  the  blood,  but  do  not 
promore  ftweat,  unlefs  the  cuticular  glands  be  free 
and  open,  &c.  See  Emmenolog.  p.  148-155. 

£ This  method  is  now  generally  pradifed 
with  happy  fucccfs;  and  we  are  obliged  to  Mr. 
Boyle  for  fetting  it  on  foot. 

§ Mr.  Boyle  is  often  an  excellent  guide  to  phy- 
fician:, and  recommends  nothing  to  them  without 
reafon.  7 his  advice,  alfo,  has  been  happily  put 
in  pradice  ; and  the  bark  is  fuccefsfully  ufed  as 
a ftomachic  an  aftrmgent,  a fliengthener,  a cordi- 
al, & c.  ar.d  dill  ieems  applicable  10  many  other 
purpofes. 

US 
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its  texture,  fo  as  to  render  it  harmlefs  *,  or  whether  it  afterwards  fecretly  produces 
any  noxious  effects  in  the  body,  mult  be  a work  of  time  to  difeover  *.  In 
the  meanwhile,  if  Riverius  has  not  flatter’d  his  Febrifugum , there  will  be  no 
want  of  a fafe  remedy  for  quartan  agues. 

To  proceed,  as  ftubborn  a difeafe  as  is  that  of  the  king’s-evil,  we  have  known 
it  cur’d,  as  we  laid  above,  by  a flight  and  eafy  remedy.  I might  add,  that  an 
experienced  chymift,  has  promifed  to  fhew  me  away  of  making  v<  ry  uncom- 
mon, yet  rational  predictions,  in  fome  abftrufe  difeafes,  by  examining  the 
patient’s  urine.  But  as  fome  chymifts  have  written  extravagantly  upon  a 
like  fubjeCt  ; and  as  I have  not  hitherto  feen  the  experiment,  I dare  not  of- 
fer this  as  an  inftance  of  what  I am  endeavouring  to  fhew.  But  ’tis  not  al- 
together improbable  that  by  precipitation,  and  other  unufual  ways  of  exa- 
mining the  urine,  made  by  the  fame  patient,  at  feveral  times  before,  during, 
and  after  fome  great  alteration  in  the  body  j many  difeoveries,  particularly 
in  acute  difeafes,  may  be  made,  efpecially,  if  other  excrements  of  the  fame 
patient  be  at  the  fame  time  chymically  examin’d. 

That  queftion, concerning  the  curablenefs  of all  difeafes,  might  eafily  be  de-  Too  many  dif- 
termin’d,  by  obferving’tis  one  thing  toafk,  46  whether  all  difeafes  be  curable,”  eafes  ejieemed 
and  a different  one  44  whether  allperfons  are  recoverable*,”  for  a difeafe  may  incu^ble. 
be  incurable,  either  in  its  own  nature,  or  by  accident  : that  is,  either ’tis  in- 
curable in  every  patient,  or  the  circumftances  of  a patient  may  render  it  fo. 

No  follower  of  Paracelfus  wou’d  affirm  every  difeafe  to  be  curable  in  every 
patient ; nor  would  a moderate  Galenift  after  t that  the  gout,  the  drcply,  and 
the  ft  one,  are  univerfally  incurable. 

’Tis  true,  I cannot  but  condemn  the  vain-glory  of  Paracelfus , and  his  followers ; 
yet  I think  mankind  obliged  to  the  chymifts  for  giving  us  hopes  of  performing 
greater  cures  than  were  before  their  trials  attempted.  For,  till  the  world  was  a- 
waken’d  by  many  promifes,  and  fome  great  performances  of  Arnoldus  de  Villa- 
nova , Paracelfus , Rulandus^Severinus^vAHelmont^  phyficians  made  very  free 
with  the  word  incurable  ; and  wou’d  rather  detraCt  from  nature  and  art,  than  con- 
fefsthat  both,  in  conjun&ion,  could  perform  more  than  ore  in  try  medicines.  And, 

I fear,  there  are  ftill  too  many,  who,  tho’they  will  not  openly  fay,  certain  difeafes 
are  incurable  *,  yet  wou’d  undervalue,  if  not  deride  him,  who  fhould  attempt 
to  cure  patients  afflicted  with  them.  So  that  I am  apt  to  think  many  men  have 
been  fuffered  to  die,  whofe  lives  might  have  been  laved,  wou’d  phyficians  have 
attempted  to  lave  them.  ’Twere,  therefore,  doing  no  fmall  fervice  to  mankind 
to  make  a collection  of  the  cures  of  fuch  perfons  as  have  recovered  after  being 
pronounced  incurable  by  the  doCtors,  to  prevent  them,  for  the  future,  from  fa- 
thering their  own  ignorance  upon  the  weaknefs  of  nature  j and  pretending  to  the 
world  that  the  art  of  phyfic  muft  fail  with  their  fkill.  Nor  fhqirjd  the  cures  of  na- 
ture be  omitted  in  fuch  a catalogue,  becaufe  they  fhew  what  may,  poffibly,  be 
doneby  natural  means,  to  evacuate  the  morbific  matter,  or  change  its  nature*,  or 
elfehowfar  the  tone  ofapart,  orftrengthofthe  body,  may  be  vitiated  or  impair’d 

* It  has  hitherto  proved  a fafe  and  admirable  I any  dregs,  or  ill  effects  behind  it,  as  was  long 
medicine,  in  prudent  hands ; and  is  ftill  a noble  I the  out-cry  againft  it. 
fpecific  in  intermitting  fevers,  without  leaving/ 
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whilft  it  remains  capable  of  fome  reftitution.  Dr.  Harvey  told  me,  that  44  a 
44  patient  of  his  was  perfectly  cur’d  of  a confirm’d  cataract,  by  the  ufe  of 
44  phyfic  that  promis’d  nofuch  effe£t.”  The  learned  Petronius  alfo  mentions 
44  a venereal  patient,  who,  having  formerly  loft  (he  fight  of  one  eye  by 
44  a catara<ft,  recover’d  it  by  the  ufe  of  the  mercurial  undtions  prefcribed  him 
44  for  his  other  diftemper.”  And  Mr.  Holly  er^  the  lithotomift,  gave  me 
an  account  of  44  a maid,  who  had  fo  far  loft  the  fenfe  of  feeling  in  the  external 
44  parts  of  her  body,  yet  without  any  diminution  of  her  motion  ; that,  tho’ 
44  he  defignedly  pinn’d  her  handkerchief  to  her  bare  neck,  lhe  would  walk 
44  about  with  it  fo  fix’d,  unfenfible  of  what  had  been  done.  But  continu- 
44  ing,  (added  he,)  a long  time  in  the  hofpital,  uncur’d  •,  Dr.  Harvey , out  of 
44  curiofity,  vifited  her*,  and,  fufpe&ing  the  cafe  to  behyfterical,  advifedher 
44  parents  to  marry  her  *,  which  being  done,  fhe  was,  according  to  his  predi&i- 
44  on,  reliev’d  from  that  ftrange  diftemper.” 

That,  in  acute  difeafes,  perfons  given  over  by  phyficians  may  recover,  none 
will  deny.  Celfus , himfelf,  fays,  44  it  ought  to  be  obferv’d,  in  acute  cafes, 
44  that  the  figns  of  life  and  death  are  very  fallacious;”  and  Hippocrates , that 
mafter  in  prognoftics,  allows  them  to  be  uncertain  ; whence  the  French  pro- 
verb, C4’tis  better  to  be  fentenced  by  the  doctor,  than  the  judge.”  Nay,  e- 
ven  in  chronical  difeafes,  where  events  ufually  anfwer  the  phyfician’s 
prognoftics  ; there  are,  fometimes,  fuch  cures  perform’d,  as  may  encourage 
human  induftry,  and  prevent  a fick  man’s  friends  from  deferting  him,  while 
any  life  remains.  For  it  not  only  frequently  happens,  that  perfons  given 
over  by  fome  phyficians,  are  cured,  perhaps  more  fortunately  than  fkilfully, 
by  others  *,  but  thofe  whom  judicious  and  experienc’d  men  have  defpair’d 
of,  thro’  the  fuppofed  incurablenefs  of  their  difeafe,  rather  than  their  per- 
fonal  condition,  have  been  recover’d  by  powerful  remedies.  And  of  fome 
fuch  cures  I am,  myfelf,  a witnefs.  Among  other  accounts  I have  re- 
ceiv’d of  the  cures  of  cancers,  perform’d  by  Dr.  Harberfeld , phyfician  to 
the  king  of  Bohemia , I cannot  omit  that  upon  an  Engli/lo  woman,  above  fix- 
ty  years  old,  whom,  after  having  long  lain  in  an  hofpital  in  Zealand , with 
a cancer’d  breaft,  he  perfectly  cured  thereof,  in  the  fpace  of  fix  weeks,  by 
one  fingle  internal  remedy.  This  relation  was  made  me  by  perfons  of 
great  veracity  ; the  one  a phyfician,  an  eye-witnefs  of  the  cure ; the  other 
a child  of  Cornelius  Drebell , who  not  only  faw  the  cure,  but  knew  the  wo- 
rn in  before  that  time,  and  was  the  perfon  who  brought  her  to  the  dodlor. 
The  fame  perfons  inform’d  me,  that  the  medicine  was  a chymical  liquor, 
which  being  given,  about  a fpoonful  or  two  for  a dofe,  worked  fuddenly,  and 
brilkly,  by  vomit;  fo  that"  its  operation  ended  within  an  hour  or  lefs,  after 
it  was  taken.  Some  of  it  they  prefented  me  with  ; and  finding  it  to  tafte  like 
vitriol,  I fufpeft  that  to  be  its  chief  ingredient.  They  farther  aflured  me, 
that  having  obtain’d  of  the  Doctor  a large  quantity  of  that  fpecific,  they  had 
therewith,  both  in  England , and  elfewhere,  perform’d  furprizing  cures  in  the 
king’s-evil.  And  an  eminent  gentleman  of  this  nation,  now  alive  and  healthy, 
was  cured  thereby  ; tho’  the  king’s-evil  had  brought  his  arm  to  that  condition, 
that  thechirurgeons  appointed  the  time  for  hi?  amputation.  And,  by  the  internal 
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ufe  of  the  fame  liquor,  they  profefs  themfelves  to  have  cur’d  many  external 
and  inveterate  ulcers.  But  thele  are  rather  chirurgical  than  phyfical  cures. 

The  fad  prognoses  phyficians  ufually  make  of  dropfies,  particularly  the 
Af cites , are  too  frequently  verified,  when  they  only  preferibe  common  me- 
dicines. I remember  a happy  cure  of  this  diftemper  perform’d  by  a Ger- 
man phyfician,  of  whom  I had  heard  a great  commendation  in  Holland.  I 
found  him,  in  many  refpefts,  a modeft  man  ; and  tho’  he  durft  not  promife 
to  cure  fo  formidable  a difeafe,  he  acknowledg’d  himfelf  pofiefs’d  of  one  re- 
medy which  had  never  hitherto  fail’d  him  *,  tho’  try’d  upon  perfons  of  dif- 
ferent ages,  fexes,  and  conftitutions.  And  as  incurable  as  the  radicated 
gout  is  imagin’d,  efpecially  in  intemperate  perfons  ; yet  I knew  an  honed 
merchant  in  Amfterdam , who,  after  being  fo  long  tormented  with  it,  both  in 
his  hands  and  feet,  that  his  fits  would  confine  him  a great  part  of  the 
year,  and  not  leave  him  without  hard  knots  in  his  joints,  was  cured  with  a 
very  few  dofes  of  a powder  and  tin&ure,  not  only  of  his  pains,  but  gouty 
nodes  ; and  tho’  he  indulg’d  himfelf  the  free  ufe  of  Rhenijh  wine,  he  has 
never  had  a fit  fince  that  time,  which  is  ten  or  twelve  years  ago,  as  himfelf 
a flu  red  me. 

How  far  a fkill  in  chymiftry*,  and  other  parts  of  philofophy,  may  allifh  to  The  Jlone  in 
difeovermore  able  remedies  than  are  yet  current  among  us,  might  be  fhewn  'ln  *%*/$*$ 
many  other  inftances*,  but  I chufe  to  infill  upon  that  of  the  Hone  in  the  blad- 

der. 


* Chymiftry,  as  it  has  of  late  been  cultiva- 
ted, appears  no  lefs  ferviceable  in  philofophy 
than  phyfic.  And  *tis  furprizing  to  fee  how  Sir 
Ifaac  Newton  applies  it  to  the  nobleft  pur- 
pofes  in  nature.  Dr.  Friend , in  his  chymical 
lectures,  has  undertaken  to  give  a mechanical 
account  of  the  principal  operations  of  this  art. 
To  which  end,  he  lays  it  down,  by  way  of  po- 
ftulatum,  that  all  fimilar  bodies  are  in  a tripli- 
cate ratio  of  their  homologous  fides  ; and  if 
of  the  fame  denfity,  that  their  weights  are  as  the 
cubes,  but  their  furfaces,  as  the  fquares  of  their 
diameters  j that  the  moments  of  bodies  are  in 
a ratio,  compounded  of  their  quantity  of  mat- 
ter and  velocity  j that  if  a body  be  fpecifically 
heavier  than  a fluid  wherein  it  is  immerfed,  it 
defeends  with  a force  anfwerable  to  its  excefs  of 
gravity  ; but  if  lighter  than  the  fluid,  it  af- 
cends  with  the  force  whereby  its  gravity  is 
exceeded  by  that  of  the  fluid ; that  there  is  an 
attractive  power  in  all  the  parts  of  matter  which 
diffufes  itfelf  but  to  fmall  diftances ; being 
ftrongeft  at  the  point  of  contact,  and  decreaflng 
in  more  than  a duplicate  ratio  of  the  diftances; 
that  this  power  differs  with  the  various  tex- 
ture and  denfity  of  the  particles,  and  is  greater 
on  one  fide  of  the  fame  particle  than  on  the 
other  ; that  the  fmalier  the  particles  are,  they 
approach  each  other  with  the  greater  velocity  ; 
and,  laftly,  that  the  force,  by  which  particles 


cohere  among  themfelves,  proceeds  from  attrac- 
tion, and  is  varioufly  changed,  according  to 
their  various  degrees  of  contaCt.  By  means  of 
thefe  Lemmata , which  are  proved  by  geome- 
trical writers,  and,  particularly  by  Sir  Ifacn. 
Newton  and  Dr.  Keil,  he  attempts  to  folve  the 
phenomena  firfl  of  calcination,  diftillation,  and 
fublimation,  which  he  luppofes  to  be  analytical 
operations ; and  fecondly,  of  fermentation,  di- 
geftion,  extraction,  precipitation,  and  cryftal- 
lization,which  he  treats  as  fy  nthetical.  In  the  firfl 
place,  when  the  DoCtor  fuppofes  that  liquefaction 
happens  while  the  fiery  corpufcles  infinuate 
themfelves  between  the  particles  of  bodies,  and 
disjoin  them,  fo  that  they  touch  each  other  in 
fewer  points  than  before  ; as  appears  from  the 
rarifaCtion  of  the  body  diflolved  : and  from  the 
different  cohefion  of  the  parts  of  bodies  he 
deduces  all  the  variety  that  happens  in  liquefac- 
tion. Calcination,  fays  the  DoClor,  is  the  effeCl 
of  liquefaClion  continued  ; wherein  the  more 
volatile  Corpufcles  fly  off,  and  the  particles  of 
the  Are  enter  the  body  in  fuch  plenty,  and  in- 
timately mix  themfelves  therewith,  that  it  can 
no  longer  appear  in  the  form  of  a fluid  ; and 
hence,  fays  he,  the  weight  of  the  calcin’d  bo- 
dy is  increafed.  And  vitrification,  according 
to  him,  is  no  more  than  a greater  degree  of 
calcination  ; as  common  glafs  is  made  by  a 
long  continued  fufion,  which  throws  off  the 
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tier.  For  tho’  it  be  almofl  univerfally  pronounc’d  incurable,  I remember  the 
famous  Monardes,  treating  of  the  feed  of  a Peruvian  plant,  call’d  Chalchoosy 
tells  us,  ’tis  highly  efteem’d  by  the  inhabitants  of  the  country,  wherein  it 
grows,  not  only  for  a diuretic  but  a lithontriptic,  “ of  which,  fays  he,  they 

produce  fomany  inflances,  that  I cannot  but  wonder  at  it.”  And  the  lear- 
ned Dr.  Gerard  Boot  had  a famous  remedy  for  the  flone,  wherewith,  as  he  told 
me,  he  had  frequently  cured  it  in  the  kidneys  * but  that  in  the  bladder  he 
thought  impoffible  to  be  diliolved  : yet  a little  before  his  death,  he  acknow- 
ledged he  had  then  lately  done  it  to  one  Mr.  Moulin  *,  and  that  too  by  his  con - 
flant  medicine,  the  diftill’d  water  of  arfmart,  which  he  accidentally  learnt 
from  a country  Gentleman,  who  had  cured  great  numbers  therewith. 

Being  fome  years  fince  in  Ireland , I met  with  an  ancient  empiric,  famous 
for  cutting  for  the  flone  in  the  bladder:  who  having  given  fome  good  proofs  of 
his  fkill  where  I happen’d  to  be,  I confulted  him  upon  a fufpicion  I long  had 
of  a flone  in  my  bladder  ; but  he,  upon  fearch,  affur’d  me  there  was  none  ; 
as  I afterwards  found  it.  I then  afked  him,  if  he  had  any  diffolvent  for  the 
flone;  he  anfwer’d,  he  could  cure  no  man  ofa  confirm’d  flone,  without  the 
help  of  his  knife  ; but  as  for  lumps  of  gravel,  not  firmly  cemented,  he  had  an 
internal  remedy,  by  which,  with  a particular  way  of  crufhing  them,  with  his 
finger,  from  withcut,  he  could  render  them  voidable  by  urine.  And  by  this 
means,  he  faid,  he  had  cur’d  a citizen  of  Cork  of  a large  flone  •,  which,  upon 
inquiry,  I found  to  be  true  , and  therefore  purchas’d  his  receipt. 

Cardan  relates,  that  in  his  time  there  travell’d  a man  over  Lombardy , who,  by 
a certain  liquor,  fafely,  fpeedily,  and  certainly  cur’d  the  flone  in  the  bladder: 
and  Laurembergius  has  told  the  world  how  he  cur’d  himfelf  of  the  fame  by 
Millepedes , &c.  And,  indeed,  the  befl  arguments  that  are  brought  to  fhew 


lighter,  and  more  drofly  particles:  hence  the 
gravity  of  the  glafs  exceeds  that  of  the  mate- 
rials whereof  it  is  compos’d.  Secondly,  the 
Do&or  afcribes  the  afcent  of  fluids,  in  diilillati- 
on,  to  their  diminifhed  weight,  by  means  of 
rarifa&ion  ; and  the  impulfe  of  the  fire ; which 
acting  with  great  velocity,  may  raife  very  hea- 
vy particles.  Whence  the  time  of  elevation,  in 
bodies  diftill’d,  is  in  a compound  proportion, 
of  their  rarifa&ion  and  fpecific  gravity.  Thus 
fpirits  of  wine,  of  fal-armoniac,  &c.  being 
fpecifically  lighter,  and  more  fufceptible  of  ra- 
rifa&ion,  afcend  eafier  by  the  fame  heat,  in 
diftillation  than  common  water  : as  acid  fpirits, 
which  are  heavier  than  that,  require  a longer 
time  to  carry  them  into  the  receiver.  The 
increafed  furface  of  the  rarified  particles,  will, 
~alfo,  greatly  contribute  to  their  afcent  in  diftil- 
lation,  becaufe  this  expofes  them  the  more,  to 
the  aCtion  of  the  fire.  Thirdly,  the  impelling 
force  of  the  fire,  is,  according  to  theDoftor,  the  . 
principal  caufe  of  the  elevation  of  the  parts  of 
folid  bodies  in  fublimation.  Fourthly,  the  Doc 
tor  defines  fermentation  to  be  an  inteftine  motion 
of  the  parts  of  bodies,  arifing  from  folids,  dif- 


folving  in  a liquor,  or  menftruum ; and  this 
operation  he  divides  into  diflolution  and  ebulli- 
tion. Diflolution  happens,  fays  he,  if  the  cor- 
pufcles  of  the  body  to  be  diflolved,  attradl  the 
particles  of  the  fluid,  more  fircngly  than  they 
attratt  one  another;  in  the  mean  time,  the  in- 
cluded air,  being  rarified,  breaks  out,  and  cau- 
fes  an  ebullition,  and  the  motion  increafing,  a 
heat  enfues.  Fifthly,  the  Do&or  accounts  for 
digeflion.  in  the  fame  manner,  by  the  attraction 
of  the  particles ; only,  that  in  this,  there  is  heat 
made  ufeof.  Sixthly,  he  fays,  that  precipitation 
arifes,  if  a liquor  of  a lefs  fpecific  gravity  being 
pour’d  into  a menftruum  of  a greater,  leflens  the 
gravity  and  tenacity  of  its  parts,  fo  as  to  let  the 
particles,  which  are  now  fpecifically  heavier  than 
the  fluid,  fall  down  ; or  when  the  particles  of 
a liquor  fpecifically  heavier  than  the  menftruum, 
carry  down  with  them,  when  pour’d  into  it,  all 
the  folid  particles  floating  therein,  which  now 
lie  at  the  bottom  ; being  fpecifically  heavier  than 
the  menftruum.  In  the  laft  place,  the  DoCIor 
tells  us,  that  cryftallization  is  immediately  and 
ntirely  performed  by  tlieattra&ion  of  thefaline 
panicles  concern’d. 


the 


47 


The  JJfefulnefs  of  Philofopby . 

the  ftone  to  be  incurable,  without  cutting,  feem  inconclufive.  It  appeal  be 
made  to  numerous  fruitlefs  attempts,  the  preceding  experiments  may  be  op- 
pos’d: befides  which,  Horatius  Augenius  tells  us,  “ he  cur’d  a youth  at  Rome , 
“ who  was  going  to  be  cut  for  this  diftemper  ; and  likewife  that  the  Jefuit , 
“ who  confefs’d  him,  perfuaded  him  to  ufe  Millepedes  * **,  having  experienc’d 
“ their  efficacy  both  upon  himfelf  and  others  and,  indeed,  I have  found 
them  to  be  highly  diuretic  and  aperitive. 

If  it  be  objected,  that  medicines  mu  ft  lofe  their  virtue  before  they  can  reach 
the  bladder,  I grant  this  is  commonly  true  : yet  lome  medicines  do  retain 
their  nature  after  many  alterations  and  digeftions  ; as  turpentine,  afparagus, 
and  rhubarb,  manifeftly  affedt  the  urine.  Again  if  it  be  raid,  tho’a  liquor 
were  found  capable  of  diflolving  the  ftone,  ’twill  be  fo  corrofive  as  to  fret  the 
inteftines  or  bladder  ; I anfwer,  that  vinegar  will  diftolve  crabs-eyes,  which 
like  the  (tones  we  are  fpeaking  of,  are  form’d  in  animal  bodies*,  and  even  the 
more  folid  body  of  coral.  The  bare  juice  of  lemmons  and  barberries  readily 
diflolves  both  pearl  and  coral.  What  Paracelfus  and  Helmont , indeed,  relate  of 
their  Alkaheft , wherewith  they  prepared  their  fpecific  againft  the  ftone,  and 
pretended  to  reduce  all  (tones,  minerals,  &c.  into  infip id  water  *,  I require 
farther  evidence  for  before  I believe  : yet  a chymift,  who  often  advifed  with 
me  about  preparing  this  liquor,  profecuted  the  bufinefs  fo  far,  as  to  bring  me 
a liquor  I was  furpriz’d  at  *,  for  it  not  only  diflolv’d  common  fulphur,  and 
brought  it  over  the  helm  ; but  reduc’d  antimony  into  fweet  cryftals,  with  a 
few  whereof,  to  the  aftoniffiment  of  many,  Dr.  C.  without  purge  or  vomit, 
cur’d  Sir  C.  C.  of  a very  radicated  and  defperate  difeafe.  To  the  fecond  part 
of  the  objedtion  it  may  be  replied;  did  we  know  and  confider  well,  how 
many  operations  of  natural  bodies  depend  upon  the  fuitablenefs  and  difference 
of  the  figures  of  their  parts,  and  the  pores  interfperfed  between  them ; the 
number  of  impoftibilities  would  not  appear  fo  great  as  they  now  do. 

That  it  is  very  poffible  for  one  body  to  adl  upon  another,  without  adting,  in 
like  manner,  upon  different  bodies,  feemingly  more  expos’d  to  that  adtion, 
appears  from  the  load-done,  which  attradfs  iron,  and  not  wood  or  draw.  And 
to  come  nearer  our  cafe  ; quick-filver,  that  will  not  corrode  the  (kin,  nor  af- 
fedt  the  tongue  with  pungency,  readily  diflolves  the  compadt  body  of  gold, 
which  even  Aquafortis , that  corrodes  all  metals  befides,  will  not  touch  ; and 
yet  quick-diver  will  not  diflolve  iron,  whilft  Aquafortis  inftantly  frets  it  a- 
funder*.  So  that,  tho’  I dare  not  believe  all  that’s  affirmed  by  the  chymifts, 

as 

* As  to  the  manner  wherein  metals  are  dif- 
fo’ved  by  a menftruum,  hear  the  great  Sir  lfaac 
Neixton.  “ When  Aqua  fortis , Tays  he,  or  fpirit 
“ of  vitriol,  pour’d  upon  filings  of  iron,  diflolves 

**  the  filings  with  a great  heat  and  ebullition  ; i 
“ not  this  heat  effected  by  a violent  motion  of 
t(  the  parts,  and  dees  notthat  motion  argue,  that 
**  the  acid  parts  of  the  liquor  rulh  towards  the 
“ parts  of  the  metal  with  violence,  and  run  for* 

“ cibly  into  its  pores,  ’till  they  get  between  its 

feives 


“ outmofi:  particles,  and  the  main  mafs  of  the 
“ metal,  and  furrounding  thofe  particles,  looi'en 
“ them  from  the  main  mafs,  and  fet  them  at 
“ liberty  to  float  off  into  the  fluid  ? And  when 
“ the  acid  particles,  which,  alone,  would  difiil 
“ with  an  eafy  heat,  will  not  feparate  from  the 
e*  particles  of  the  metal,  without  a very  violent 
“ heat,  does  not  this  confirm  the  attra&ion  be- 

“ tween  them  ? When  Aquafortis  diffolves 

“ filver.  and  not  aold.  and  Jana,  rperia  drf- 
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as  to  their  having  made,  or  feen,  infipid  diflolvents  of  gold,  filver,  and  other 
cornpad  bodies ; becaufe  I have  hitherto  been  unable  to  procure  them  ; yet 
many  things  that  I have  not  only  read,  but  heard  and  feen,  keep  me  from 
pofitively  denying  their  poffibility.  And  who  knows  but  that  art  or  nature 
may  afford  a liquor  whofe  parts  fhall  be  adapted  to  the  parts  of  a human  cal* 
cuius,  as  thofe  of  quick-filver  are  to  the  pores  of  gold  •,  whilft  its  operation 
upon  the  body  is  no  greater  than  that  of  quick-filver  upon  iron?  Steep  an  egg 
in  ftrong  vinegar,  for  fome  days,  and  the  external  ftiell  will  be  eaten  away, 
whilft  the  thin  lkin  contiguous  to  the  white  of  it,  remains  entire  ; the  opera- 
tions of  diflolvents  muft,  therefore,  be  determinate  by  the  textures  of  the  bo- 
dies whereto  they  are  applied:  fo  that  a liquor  uncapable  of  corroding  a hard 
and  folid  body,  may  be  unable  to  penetrate  a foft  and  thin  one,  of  a texture 
unfit  to  admit  the  particles  of  the  fnenftruum.  Another  thing  that  encourages 
me  in  this  opinion,  is,  the  relation  of  Sennertus,  who  tells  us,  that  in  the  year 
1632,  “ his  friend  Dr.  Nejler  inform’d  him,  there  then  lived  in  his  neigh- 
“ bourhood,  a man  of  Lorain , call’d  Claudius , about  58  years  old,  who  fre- 
cc  quently  devour’d  coals,  bones,  wood,  ftones,  glafs,  metals,  &V.  and  even  the 
“ moft  filthy  things  that  could  be  offered  him  ; of  which,  fays  the  Dodor,  a- 
“ mong  others,  I was  an  eye-witnefs.”  Sennertus  adds,  “ that  not  hearing 
iC  of  this  Claudius  for  fome  time,  he  fent  to  inquire  what  was  become  ofhim, 
<c  when  the  Dcdor  return’d  a letter  from  the  minifter  of  the  place,  to  confirm 
“ the  firft  account  ; himfelf  declaring  the  man,  whom  he  had  long  hoped 
<c  to  diffed,  was  yet  alive,  and  continued  to  devour  all  things  as  formerly  ; 
“ tho’  his  teeth  being  now  blunted,  he  did  it  lefs  frequently.”  More  examples 
of  this  kind  we  meet  with  in  writers  of  good  credit  : Columbus , particularly, 
records  one  of  a glafs-eater,  mention’d,  alfo,  by  Sennertus.  And,  not  long  fince, 
there  was,  here  in  England , a private  foldier  very  famous  for  digefting  ftones; 
with  whom  a curious  perfon  purpofely  convers’d  for  a day  together ; du- 
ring which  he  obferv’d  him  to  eat  nothing  but  pretty  large  ftones  ; and 
found  his  excrement  chiefly  confifted  of  a fandy  fubftance,  as  if  the  ftones 
he  devour’d  had  been  diffolv’d  in  his  body.  Thefe  cafes,  furely,  prove, 
that  a menftruum  not  fo  corrofive  as  to  fret  the  body,  may  diffolve 
ftones,  and  other  compad  fubftances.  But  if  a liquor,  pfepared  by  na- 
ture only,  can,  in  a human  ftomach,  diffolve  that  great  variety  of  bo- 
dies above  mention’d  ; why  may  not  a menftruum,  produced  by  aflif- 
ting  and  heightning  nature  to  the  utmoft,  be  capable  of  diflolving  fub- 
ftances of  different  textures  ? It  muft,  indeed,  be  acknowledged,  that  fuch 
common  menftrua  as  diffolve  one  body,  will  oftentimes  not  meddle 
with  another  •,  which  may  proceed  rather  from  our  want  of  fkill  to  pre- 
pare the  moft  powerful  menftruum,  than  any  impoflibiliry  in  the  thing;  fothat 


“ folves  gold,  and  not  filver,  may  it  not  be  faid 
**  that  Aqua  forth  is  fubtile  enough  to  penetrate 
“ gold  as  well  as  filver,  but  wants  the  attraftive 
“ force  to  give  it  entrance;  and  that  Aqua  regia 
*'  is  fubtile  enough  to  penetrate  filver,  as  well  as 
“ gold,  but  wants  the  attra&ive  force  to  give  it 


“ entrance  ? For  Aqua  regia  is  nothing  elfe  than 
“ Aqua  fortis  mixed  with  fome  fpirit  of  fait,  or 
“ with  fal-armoniac;  and  even  common  fait  dif- 
“ folved  in  Aqua  fortis , enables  the  menftruum 
“ to  diftolvegold,  tho’  the  fait  be  a grofs  body.” 
Newton.  Optic . p.  352,  358. 
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I don’t  fee  why  a menftruum  may  not  be  obtain’d  whofe  variety  of  parts,  fi- 
gures,  and  motions,  might  gain  it  admiflion  into  different  bodies.  Thus, 
tho*  Aqua  regia  diffolves  gold,  but  not  filver,  and  Aqua  fortis  diffolves  lilver, 
but  not  gold  *,  yet  quick-filver  will  diffolve  both  gold  and  filver,  copper, 
tin,  and  lead  *. 

And  becaufethis  fuppofition,  that  penetrating  menftrua  are  proportionably 
corrofive,  is  apt  to  flop  the  inquiries  of  judicious  men,  I can  aflure  them,  that 
from  common  hou (hold- bread,  as  was  formerly  hinted,  I have,  by  a gentle  heat, 
obtain’d  a fpirit,  which,  when  rectified,  would  operate  on  the  hardeft  bodies 
fo  far,  as  in  a fhort  time  and  without  fire,  to  extratft  a flrong  tintfture  from 
coral,  blood-ftone,  unpowder’d  granats,  and,  even,  the  hardeft  of  bodies  next 
to  diamonds,  rubies.  And  that  thefe  high  tindtures  did  not  proceed  from  a 
change  of  colour  in  the  menftruum,  I convinced  my  felf  by  obferving  that  it 
would,  from  fome  minerals,  force  a deeper  colour  than  from  others-,  and  that, 
when  kept  feparate,  it  continued  clear  and  limpid  for  many  months. 

But  it  may  be  farther  objefted,  that  “ what  diffolves  the  ftone  in  theblad- 
<c  der  of  one  man,  may  not  do  the  fame  in  that  of  another  ^ ” I reply,  this 
has  never  been  proved  and  were  it  true,  as  the  fpecifics  for  agues,  fluxes, 
and  the  like,  are  juftly  prized,  tho’  their  effects  be  not  equally  ftrong  in  all 
patients  ; 'twill  be  worth  knowing  that  the  ftone  is  not,  in  its  own  nature, 
an  incurable  difeafe  : and  it  would  well  reward  any  man’s  induftry  to  relieve 
even  a few  from  its  torture. 

This  diftemper  I the  rather  chofe  to  infift  upon,  becaufe  ’tis  generally 
thought  abfolutely  incurable  by  internal  remedies,  in  any  fubjetft  whatever  : 
but  having  dwelt  too  long  upon  it,  I defer  confidering  the  dropfy,  and 
fome  others  that  commonly  ftand  in  the  catalogue  of  incurable  difeafes.  I 
ftiall  only  add,  that  altho’  Helmont  and  Paracelfus , by  the  fhortnefs  of 
their  own  lives,  feem  to  give  teftimony  againft  themfelves  ; yet  they  cer- 
tainly invented  fome  extraordinary  medicines  fuch,  for  inftance,  were  their 
laudanums : yet  none  of  them  were  comparable  to  the  preparations  of  Butler . ButlerV 
This  man,  as  Helmont  relates,  “ had  a fmall  ftone,  which  being  flightly  plung’d  Stone' 

“ into  oil,  or  almond-milk,  communicated  fuch  a fanative  virtue  thereto,  that 
<c  a fpoonful  of  the  former  cur’d  a Francifcan  Friar  of  a dangerous  eryfipelas  in 
“ the  arm,  in  the  fpace  of  an  hour ; and  oae  drop  of  the  latter  applied,  in 
<c  his  prefence,  to  a woman’s  head,  immediately  reliev’d  her  from  an  intolerable 
cc  Hemicrania ; and  tho’  fhe  had  been  for  fixteen  yearsmfflitfted  therewith,  it  re- 
“ turn’d  not,  to  his  knowledge,  in  feveral  years.”  Hevadds  almoft  as  ftrange 
a cure  perform’d,  in  one  night’s  time,  upon  a fervant  of  his  wife,  by  anoint- 
ing the  part  affetfted,  with  four  drops  of  the  fame  oil.  Nay  farther,  he  tells 


* ’Twill,  according  to  the  late  Mr.  Hawks- 
bce , by  no  means  account  for  the  fufpenficn  of 
heavy  folid  bodies  in  lighter  fluids,  that  the 
folid  gains  a large  quantity  of  furface,  by  being 
divided  into  minute  parts  therein  ; which  is  the 
Common  way  of  accounting  for  this  phenome- 
non For  he  found,  by  experiments,  that  the 
difference  between  an  ounce  of  f«>:‘;d  glafs,  and  1 
the  fame  quantity  reduced  to  fine  powder ; be-  [ 
VOL.  I. 


tween  a fquare  inch  of  {heet- brafs,  and  225 
fquare  inches,  that  is,  an  equal  weight  of  tinfel 
lamina  y weigh’d  in  water,  is  vaftly  too  fmall 
for  this  purpofe.  He,  therefore,  concludes,  that 
the  furtentation  of  metals,  and  other  fubflances, 
heavier  in  fpecie  chan  the  fluids,  which  difloive 
them,  are  kepr  floating  therein  by  the  prin- 
ciple of  attra&ion.  Ha^vkfiee\  Experiments ; 
p/231—  236. 
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us,  “ that  the  mailer  of  the  glafs-houfe  at  Antwerp,  being  grown  enormoufly 
“ fat,  was  foon  reduced  to  a moderate  fize,  by  nimbly  licking,  with  the  tip 
“ of  his  tongue,  a fmall  fragment  of  the  Hone,  once  every  morning/5  To 
thefe  he  fubjoins  other  ftrange  Ilories,  which  tho5  I cannot  believe,  yet  cir- 
cumflances  will  not  let  me  rejedl.  A gentleman  in  France  was  reported  to 
pofTefs  fome  portion  of  this  Hone,  and  to  have  cured  many  inveterate  difeafes, 
by  fuffering  the  patients  to  lick  it  *,  and  my  friend.  Sir  Kenelm  Digby , who 
was  then  in  that  country,  could  not,  upon  inquiry,  find  this  report  to  be  fa- 
bulous. Befides,  Helmont  not  only  relates  thefe  cures  as  an  eye-witnefs,  but 
fays,  that  once  fufpe&ing  the  virtue  of  this  oil,  he  anointed  it  on  the  right 
arm  and  ancles  of  his  wife,  who  had,  for  many  months,  been  afflidted  with 
fevere  pains  in  the  former,  and  very  great  tumours  in  the  latter  j whereupon 
motion  was  immediately  reftored  to  her  arm  j all  the  fwelling  of  her  legs 
and  feet  difappear’di  and  lhe  continued  healthful  for  nineteen  years  after- 
wards. And  this  relation,  fhe  herfelf,  long  after  the  death  of  her  hufband, 
confirm’d  to  our  friend  Dr.  C.  Thefe  particulars  receive  confirmation  from 
two  remarkable  circumflances : for  firft,  Helmont  is  the  more  to  be  credited 
here,  becaufe  he  mentions  cures  not  perform’d  by  himfelf,  but  by  a fecond 
perfon,  and  that  too,  with  remedies  unknown  to  him ; fecondly,  our  fa- 
mous countryman.  Dr.  Higgins „ who  lived  familiarly  in  the  fame  houfe  with 
Butler , gives  a ftrange  atteftation  to  his  fecrets. 

But  whatever  be  thought  of  Helmont’s  relations,  we  have  reafon  enough  to 
conclude,  that  the  power  of  nature  and  art  may  reach  much  farther  than  many 
diftruftful,  not  to  fay,  indolent  men  have  imagin’d  ; and,  therefore,  the  prog- 
noftics,  even  of  celebrated  writers,  are  not  to  be  relied  on,  when  they  aflert 
that  particular  difeafes,  or  particular  patients,  are  abfolutely  incurable.  The 
foJid  advice  of  that  judicious  author  Celfus , deferves  a greater  regard  : “ where 
“ a medicine  fails,  fays  he,  we  are  to  refpedt  the  patient  more  than  him  that 
invented  it*,  and  fo  proceed  to  try,  firft,  one  thing,  then  another.” 


SECT.  IV. 

* 

The  ad-van-  T^HAT  the  dietetical  part  of  phyfic  is  improveable  by  natural  philofo- 
tages  of  natu-  JL  phy,  appears  in  that  our  aliment  requires  art  to  diredl  its  preparation, 
r al  philofophy  and  order  it  to  the  beft  advantage.  The  inhabitants  of  Barbadoesy  St.  Chrifto - 
partly  l~ Tver's,  and  other  Charribbe  iflands,  fupply  us  with  remarkable  inftances  here- 
phyfec.  of  ; where  the  poifonous  root  Mandihoca  is  converted,  as  was  formerly  faidr 
into  both  bread  and  drink  : being  carefully  freed  of  its  moifture  by  the  prefs, 
dry’d  in  the  fun,  and  reduced  into  meal,  it  makes  the  former  ; and,  by  being 
chew’d,  and  fpit  out  into  water,  it  foon  purges  it  felf  of  its  noxious  quality* 
and  becomes  the  latter. 


They 
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They  having  in  fome  of  our  American  plantations,  found  it  very  difficult  'The different 
to  make  good  malt  of  maiz  or  Indian  corn,  they  firft  reduce  it  to  bread,  and  °f 
afterwards  brew  a very  good  drink  from  it.  And  ’tis  my  opinion,  that  the  fffent  na~ 
maliter’s  art  is  capable  of  great  improvements  among  ourfelves. 

’Tis  not  in  the  knowledge  of  fermenting  liquors,  alone,  that  we  are  defective, 
but  alfo  of  the  materials  wherewith  they  may  be  made.  In  China , they  make  their 
wine  from  barley,  in  the  northern  parts  thereof, from  rice  and  apples ; but  in  the 
fouthern  parts,  of  rice  only.  The  wine  ufed  by  the  common  people  will  in- 
toxicate, tho’  faintly:  ’tis  made  at  any  feafon  of  the  year,  but  bed:  in  the  win- 
ter. In  Japan,  alfo  they  prepare  a ftrong  wine  from  rice.  We  in  England , like- 
wife,  have  great  variety  of  wines  from  cherries,  apples,  pears,  &c.  little  inferior 
to  thole  of  foreign  growth.  But  to  manifeft  our  want  of  curiofity  in  this  affair, 

’tis  obfervable  that  the  drinks  of  one  country  are  often  unknown  in  another.  The 
rice-wine  of  China  and  Japan  is  no  where  to  be  found  in  Europe ; and  beer  or 
ale  are  elteem’d  great  rarities  in  places  where  I have  travell’d.  The  common 
drink  in  many  parts  of  Mufcovy , and  other  northern  regions,  is  hydromel,  or 
water  fermented  with  honey  j and  if  a due  proportion  of  thefe  ingredients  be 
obferved,  and  the  fermentation  be  fkilfully  order’d,  fuch  a clear,  ftrono* 
wholefome  liquor  may  hence  be  prepared,  as  is  not  eafily  credited.  In  Brazil , 
and  elfewhere,  they  make  ftrong  wine  of  water  and  fugar:  and  in  Barbadoes 
they  have  many  liquors  unknown  to  us.  Among  the  Turks,  where  wine  of  the 
grape  is  forbid  by  their  law,  the  Jews  and  Chrijtians  keep,  in  their  taverns,  a 
liquor  made  of  fermented  raifins.  And  I my  felf,  by  fermenting  raidns  and 
water,  in  due  quantities,  without  yeaft,  tartar,  or  any  thing  of  like  kind,  have 
frequently,  in  few  days,  prepared  a good  vinous  liquor,  which  afforded,  by 
diftillation,  a large  quantity  of  inflammable  fpirit. 

I have  fometimes  wonder’d,  that  men  have  fo  little  curiofity  to  try  what 
liquors  are  obtainable  by  wounding  trees  and  other  vegetables.  The  Sura  in  the 
Eajl- Indies  is  made  of  the  juice  that  flows  from  the  cocoa-tree  ; and  failors 
have  often  been  inebriated,  in  that  country,  with  the  liquors  made  of  the  fer- 
mented juices  obtain’d  by  the  incifion  of  vegetables.  And  that  alfo  in  Europe , 
the  nutricious  juices  of  trees,  as  drawn  from  the  earth,  receive  great  alteration 
before  they  come  to  be  affimilated,  appears  from  the  practice  of  the  Cala- 
brians and  Apuleians , who,  between  March  and  November , obtain,  by  inci- 
fion, from  the  common  afli-tree,  a fweet  juice  fo  like  the  manna,  in  that  fea- 
fon adhering  to  the  leaves  of  the  fame  kind  of  trees,  that  they  call  it  Manna 
del  corpo , trunk-manna  ; and  ufe  it  fuccefsfully.  That  this  fweetnefs  proceeds 
not  from  the  peculiar  nature  of  the  foil,  appears  in  that  ’tis  alfo  to  be  found 
in  other  places.  To  proceed  : in  fome  northern  countries,  the  liquor  that 
weeps  out  of  the  birch- tree  is  ufed  as  a prefervative  againft  the  ftone ; for 
which  purpofe  Hclmont  highly  extols  a drink  prepared  thereof,  with  daucus- 
leeds  and  brook-lime.  But  the  extraordinary  effedts  I have  feen  of  the  liquor 
it  felf  in  this  cafe,  and  that  when  other  remedies  fail’d,  occalions  me  ufually 
to  provide  a quantity  of  it  every  fpring.  It  may  eafily  be  preferv’d  by  pour- 
ing oil  on  the  top  of  it,  or  by  diftillation  j tho’  the  beft  way  is  to  impregnate 
it  with  the  fume  of  fulphur.  I fhould  not  be  thus  particular  upon  liquors, 
but  that  I fufpedt,  if  a greater  variety  was  made,  and  more  fkill  ufed  in 
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their  management,  they  might,  by  recruiting  the  fpirits,  and  infenfibly  altering 
themafs  of  blood,  eafily  prevent  and  curealmoft  as  many  difeafes  as  our  common 
fophifticated  wines  occafion.  For,  in  fermentation,  the  adtive  and  fpirituous  par- 
ticles of  vegetables  being  fet  loofe,  and  much  better  feparated  from  the  grolfer, 
than  by  common  diftillation;  they  are  incorporated  with  our  aliment,  and  imme- 
diately convey’d,  by  the  blood,  to  thofe  parts  of  the  body,  where  their  opera- 
tion is  required.  Talking,  one  day,  with  a very  learned  and  experienc’d  phy- 
fician  about  the  nephritic  virtue  of  wild  carrot-feed  *,  he  told  me,  with  a fmile, 
that  fermented  in  fmall  ale,  he  found  its  effe<5t  too  great  *,  for  that  he  feldom 
heard  of  thofe  patients  more  to  whom  he  had  once  prefcribed  it. 

But  to  lefTen  our  wonder  at  the  efficacy  of  fermented  liquors,  we  may  con- 
fider  what  virtue  is  afcribed  to  a bare  infufion  of  tea  *,  which  among  the  Chinefe 
and  Japonefe , is  the  ordinary  drink  of  perfons  of  quality,  who  value  it  fo  highly, 
that  a fingle  pound  of  the  Japan  fort  is  often  fold  for  an  hundred  pounds  of  fil- 
ver:  and  no  wonder,  if  it  preserves  them  from  the  (lone  and  gout.  I have  been 
told,  that,  fomewhere  in  the  Eaft-lndies , they  make  a drink  of  the  raw  flelh  of 
goats,  capons,  and  the  like  ; which,  with  rice  and  moloffes,  they  add  to  a quan- 
tity of  water,  and  diftil,  in  an  alembic,  to  a low  fpirit,  call’d  Arrac,  which  they 
frequently  drink  in  hot  weather,  and  find  very  cordial.  Such  a liquor,  indeed, 
feems  necefiary  to  thofe  of  that  climate,  in  order  to  recruit  their  fpirits,  ex- 
haufted  by  the  exceffive  heat  thereof ; as  the  merchants  travelling  thro’  the 
fcorching  defarts  of  Arabia , Perfia , or  Turkey , find  it  belt  to  quench  their 
thirft  with  brandy,  or  the  ftrongeft  Perfian  or  Spanijh  wine.  The  neceffity 
of  fuch  a pradtice  is  alfo  confirm’d  by  the  concurrent  teftimony  of  fuch  of 
our  own  nation,  as  have  travel  I’d  in  hot  countries. 

The  tref  Not  onty  our  li(luors  are  improveable  by  natural  philofophy,  but  likewile 

tion  ofali-  & the  other  parts  of  our  aliment:  it  teaches  us  to  make  better  bread  than  is  com- 
ment.  monly  ufed,  and  difeovers  a better  art  of  cookery  than  Apitius  left  us  ; that 
of  pleafingthe  palate  without  prejudice  to  health.  Men,  unaffifted  by  philofo- 
phy, have  gone  far  in  preferving  food  by  excluding  the  air  *,  which  daily  ex- 
perience inform’d  ’em  contributed  to  its  putrefadlion.  The  learned  Mr.  Bor- 
reel  lately  allured  me,  he  had  eat  bilket  in  Holland , which,  being  carried  from 
Amfterdam  to  the  Eaft-lndies , was  thence  return’d  good,  by  keeping  it  all  the 
time  in  calks  well-calk’d  and  lined  with  tin.  A friend  of  mine  has  alfo  a way 
of  preferring  fruit,  for  many  months,  by  a bare  artificial  exclufion  of  the  air. 
But  it  feems  more  difficult  and  ufeful  to  preferve  flelh  fweetin  long  voyages, 
without  fait,  which  is  apt  to  occafion  the  leurvy  and  other  difeafes.  The  means 
whereby  the  failors  do  this,  is,  firft  to  drefs  the  meat,  then  cut  it  into  fiices ; 
and  laying  them  regularly  one  upon  another  in  a clofe  calk,  they  pour  clari- 
fied butter  thereon,  to  fill  up  all  the  interftices ; obferving  to  keep  the  calk 
clofe  cover’d.  And  I am  not  without  hopes  that  a method  will  be  found  to 
continue  even  raw  fiefh  fweet,  by  fomething  Ids  ccrrofive  than  common  fait. 
For  not  to  infill  upon  the  curing  of  neats  tongues  with  falt-petre ; I have, 
for  experiment  fake,  kept  a whole  large  puppy,  for  many  weeks,  untainted, 
in  the  mid  ft  of  fummer,  by  bare  immerfion,  in  a well-ftopt  velfel  of  fpirit  of 
wine;  and  might,  but  for  want  of  opportunity,  have  preferv’d  it  much  longer. 

And 
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And  I queftion  not  but  water  will  abolifh  the  tafte  that  the  fpirit  communi- 
cates to  what  it  thus  preferves. 

Sugar  is  a thing  but  lately  known  in  thefe  weftern  regions  : if  we,  therefore, 
confider  how  many  bodies  the  confe&ioners  and  others,  not  only  preferve  by 
its  means,  but  render  grateful  to  the  tafte,  it  will  feem  probable  that  expe- 
dients, yet  unthought  of,  may  hereafter  be  found  for  the  fame  purpofe.  Ma- 
ny concretes  befides  the  fugar-cane  may,  perhaps,  be  brought  to  yield  a fugar 
according  to  their  refpedlive  natures : the  Indian  liquor,  Sura , made  from  the 
juice  of  the  cocoa-tree,  by  being  evaporated  and  expos’d  to  the  fun,  congeals 
into  a fugar,  which  tho’,  by  reafon  of  its  brown  colour,  it  be  not  much  ef- 
teem’d,  yet  a fkilful  naturalift  might  poflibly  improve  it.  Garcillajj'us  alfo, 
treating  of  the  fruit  of  a Peruvian  tree  called  Melle  or  Mulli , tells  us,  “ that 
“ by  rubbing  it  gently  between  their  hands  in  warm  water,  they  deprive  it 
“ of  all  its  fweetnefs  •,  after  which  they  ftrain  the  liquor,  and  leaving  it  a few 
“ days,  to  fubfide,  it  becomes  a very  tranfparent  drink He  adds,  “ the 
“ fame,  by  boiling,  becomes  an  excellent  kind  of  honey.”  And  that  there 
is  a great  affinity  between  fuch  vegetable  honeys  and  fugar,  appears  from  this 
paffage  of  the  diligent  defcriber  of  the  Brazilian  plants,  concerning  the  Ca - 
raguata , or  Erva  Babofa.  “ From  an  incifion  made  in  its  fhoots  there  flows 
“ an  immenfe  quantity  of  liquor,  whereof  they  make  wine,  vinegar,  honey 
<c  and  fugar  ; for  the  juice,  being  naturally  fweet,  is  render’d  much  more  fo 
<c  by  boili  ,g,  as  well  as  thicker  ; fo  that,  at  laft,  it  congeals  to  fugar.”  More- 
over, the  governor  of  a colony  in  North-America  affures  me,  there  is  in  New- 
England , a kind  of  tree,  exadly  like  our  Walnut-tree,  the  juice  whereof,  that 
diftils  from  incifions,  being  gently  exhaled,  the  remainder  will  congeal  into 
a faccharine  fubftance.  The  like  was  confirm’d  to  me  by  the  Agent  of  the  co- 
lony of  the  Mafacbufets.  And,  laftly,  an  eminent  planter  in  America  told  me, 
that  “ the  ftalks  of  maiz  afford  a fweet  juice,  which,  boiled  to  a fyrup,  gave 
“ a flavour  to  tarts  and  other  things,  not  diftinguifhable  from  fugar.”  He 
added,  that  “ both  himfelf  and  others  had  in  New-England  made  fuch  a fy- 
“ rup  with  the  juice  of  water-melons.” 

Befides  the  means  already  mention’d,  we  may  hope  to  find  out  others  to  pre-  <r0  difcover 
ferve  the  health  of  men.  The  ingenious  attempts  of  San  bl onus  may  furnifh  us  the  <wholefom- 
with  new  ways  of  difcovering  the  wholefomnefs  or  unwholefomnefs  of  ali -nefsorun- 
ments.  By  the  different  weight  of  human  bodies,  upon  ufing  particular  food,  rfolefomnefs 
heobferved,  that  pork,  melons,  &c.  obftru&ed  infenfible  perfpiration,  and  ^ * imenU' 
were,  by  confequence,unwholelbm.  Tho’,methinks,  fuch  obfervations  fhould  be 
carefully  made  and  repeated  various  ways  indifferent  ages,  fexes,  and  conftitu- 
tions,  before  they  are  eftablifh’d  into  aphorifms.  And  this  proceedure  might 
enable  us  to  prevent  many  diftempers.  Thus  that  aphorifm  ob Santtorius,  “ to 
“ eat  and  drink  more  than  ufual,once  or  twice  a month,  increafes  not  the  fenfi- 
“ ble  evacuations,  but  rendersaman  lighter  in  the  fcale  affords  this  important 
corollary,  “ A regular  diet  has  not  the  advantage  over  a debauch  committed 
<c  once  or  twice  a month*,  becaufe  the  quantity  taken  in,  excites  perfpiration 
" to  fo  furprizing  a degree.”  And  truly, experience  teaches, that  the  promoting 
and  fupprefling  of  infenfible  perfpiration,  whereby  the  body  may,  in  aday,dif- 
charge  four  or  five  pounds  of  excrementitious  matter,  has  a greater  ihare 
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in  continuing  health  and  caufing  difeafes  than  is  ufually  imagin’d  : fo  that 
ftatics,  an  art  long  thought  ufelefs  to  phyfic,  may  give  us  many  ufeful  di- 
rections relating  to  the  prefervation  of  health. 

Philofophy  The  naturalift  can  alfo  devife  means  whereby  to  judge  of  the  feveral  kinds 
helps  to  judge  of  aliment  i and  likewife  of  the  temperature  of  the  air  of  anyplace.  Phyficians 
°f  aif>  generally  fuppofe  the  light  and  pure  water  to  be  moft  wholefom  •,  fo  that  an 
“as  tTtheir  eafy  contrivance  to  know  when  water  has  thefe  properties  wou’d  be  of  fervice. 
<wholefomnefs  We  have  been  told,  that  water  brought  out  of  Africa  into  England  was  found, 
and  unwhole-  by  common  fcales,  to  be  fpecifically  lighter  than  ours,  by  four  ounces  in  the 
fomnefs.  pint.  as  th}s  kind  Gf  difference  is  eafily  found  hydroftatically,  chymical 
experiments  might  be  made  to  difcover  the  refpeCtive  qualities  of  different  wa- 
ters. Thus,  many  kinds  of  pump-water  will  not  bear  foup,  and  fome  will  not 
dye  fcarlet  or  other  particular  colours.  And  I have  often  found  an  unfufpedted 
fea-falt  in  water,  by  pouring  thereinto  a folution  of  fine  filver,  made  in  Aqua 
fortis  : for  as  common  fait,  or  its  fpirit,  will  precipitate  the  metal  in  form  of 
a white  calx,  in  fuch  a folution  ; I imagined,  if  the  water  had,  in  its  paffage 
through  the  earth,  gained  ever  fo  few  faline  corpufcles,  they  wou’d  adt,  tho’ 
faintly,  upon  the  diffolved  particles  of  filver  * and  accordingly  upon  their 
mixture,  a kind  of  whitenefs  immediately  enfued.  This  experiment  has  taught 
me  to  avoid  fuch  water,  and  to  ufe  in  its  ftead,  rain-water,  or  that  vhichhad 
been  freed  from  its  fait  by  gentle  diftillation. 

Laftly,  natural  philofaphy  enables  us  to  judge  of  the  air,  which  is  of  the 
greateft  confequence  to  the  continuance  of  health  ; and  to  make  farther  dif- 
coveries  therein,  as  to  its  wholefomnefs  or  unwholefomnefs  in  any  place.  And 
this  Sanftorius  teaches  us  how  to  eflimate,  from  the  weight  of  the  bodies  of 
the  inhabitants.  The  late  invention,  alfo,  of  weather-glaftes,  manifefts  fome 
of  its  properties.  I fiiall  only  add  here,  that  the  various  operations  of  diffe- 
rent kinds  of  air  upon  certain  forts  of  flefh  thereto  expofed  *,  upon  fome  fading 
colours  •,  upon  bodies  apt  to  tarnifh  or  gather  ruft,  £*?c.  are  more  confider- 
able  than  men  feem  hitherto  aware  of. 


sect.  v. 


fhe  ufefulnefs  t £ come  now,  in  the  laft  place,to  confider  the  therapeutic  part  of  phyfic ; 
*philofophy  to  VV  whofe  improvement  is,  of  all  others,  the  moft  beneficial  to  mankind. 
the  tberapcu- 1 cannot,  therefore,  but  wifh  that  many  phyficians  took  more  pains,  than  they 
tic  part  of  do,  to  advance  it.  The  defign  of  phyfic  is  to  relieve  and  cure  the  patient  •,  and 
phyfic,  e^ery  part  of  the  art  is  perverted,  that  does  not  confpire  to  promote  this  end. 

“ A witty  phyfician  being  lately  afked,  by  one  of  the  faculty,  why,  fince  his 
c<  patient  grew  worfe  under  languid  remedies,  he  did  not  prefcribe  him  fome- 
cc  thing  more  generous;  adding,  that  otherwise  he  muft  neceflarily  die;  the  o- 
^ 'b'ficiavfto' ^ier  brifklY  reply’d,  let  him  die  if  he  will,  fo  he  die  but  fecundum  artem .”  I 
improve  their  hope  there  are  few  of  this  man’s  temper ! ’Tis  pity  there  lhou’d  be  fo  many  learn- 
art.  ed  men  who  think  a phyfician  has  done  his  duty,  when,  after  a difcourfe  of 

the  feat  and  nature  of  a difeafe,  he  foretels  the  event,  and  methodically  ap- 
plies a parcel  of  fuch  languid  medicines,  that  he  knows  are  as  unable  to  cure 

as 
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as  to  kill  the  patient.  Such  a dull  proceedure  as  this,  whereto  Tome  lazy  or 
conceited  practitioners  confine  themfelves,  under  pretence  of  its  being  fafe, 
has  expofed  the  whole  profefilon  to  the  cavils  of  empirics.  The  Lord  Veru - 
lam  tells  us  of  one  who  ufed  to  fay,  “ your  European  phyficians  are  learned 
“ men,  ’tistrue,  but  they  know  nothing  of  particular  cures  for  di Lempers;  fo 
“ that  he  compared  ’em  to  bifhops,  who  have  indeed,  lays  he,  the  power  of 
“ binding  and  loafing,  but  no  more.”  And  Monfieur  BalJdc  tells  us  of  a phy- 
fician  at  Milan , whoboaLed  he  had  kill’d  a man  by  the  faireL  method  in  the 
world.  Such  kind  of  Lories  are  readily  embraced,  and  turn’d  to  the  difadvan- 
tage  of  the  profeflion,  by  the  greateL  part  of  mankind who  fend  for  phyfi- 
cians, not  fo  much  to  have  their  diLempers  methodically  told  them,  as  to  be 
empirically  cured  of  them.  And  truly,  he  who  Lruggles  long  with  difficult  ca- 
fes, has  a much  greater  fhare  of  my  eLeem  than  he  who  would  raife  a reputa- 
tion on  the  fuccels  of  his  prognoLics : it  lefiens  my  value  even  for  the  great 
Hippocrates , that  his  talent  lay  chiefly  this  way.  Who  had  not  much  rather 
have  his  friend’s  life  preferv’d  by  powerful  remedies,  than  be  told,  for  cer- 
tain, the  time  he  lhall  lofe  it  ; or  be  fhew’d  in  the  open’d  corpfe,  the  caufeof 
his  death  ? But  I am  to  fhew  that  this  curative  part  of  phyfic  is  improveable 
by  natural  philofophy,  and  particularly  by  chymiLry. 

Asgoodnefs  is  to  be  regarded  before  pleafantnefs  in  a remedy,  I lhall  not  re-  ne  ureru/„rr. 
commend  the  chymical  preparations  from  their  fuitablenels  to  take ; yet  phyfi-  of  chymfiryto 
cians,methinks,fliou’d  be  careful  not  to  occalion  their  patients  more  uneafinefs  the  curative 
by  naufeous  medicines  than  is  felt  from  the  diLemper ; but  cure  them  accord-  lart  °f  ^K% 
ing  to  the  old  rule,  cito^  tuto  & jucunde . The  loathfomnefs  of  fome  phyfic  will, 
moreover,  caufe  it  to  be  rejected  before  it  can  perform  its  intended  operation ; 
for  which  reafon,  I prefume,  fome  phyficians  now  ufe  rofin  of  jalap  rather  than 
common  purges.  But  chymiLry  may  be  farther  ufe ful  to  the  pra&ice  of  phy- 
fic, by  rendering  evacuating  medicines  not  only  lefs  naufeous  to  the  taLe,  but 
lefs  painful  in  the  operation.  Thus,  mineral  waters  will  work  brilkly,  with- 
out occafioning  fuch  ficknefs  and  diforder  as  are  frequent  upon  taking  the  com- 
mon pills  or  potions:  and  a preparation  T make  with  filver,  will,  taken  in  a ve- 
ry fmall  quantity,  pleafantly  evacuate  ferous  humours ; nor  need  the  perfon  be 
confin’d  to  his  room  who  takes  it.  And  medicines,  will,  I hope,  be  found  to 
relieve  patien  ts  without  thofe  chirurgical  operations  of  burning,  cutting  and 
trepanning.  Helmont  fays,  “ he  knew  a country  fellow  who  cured  all  f'refli 
<c  wounds  by  a drink  prepared  of  burnt  Tilia : ” And  I have  more  than  once 
obferv’d,  that  a fcrophulous  cafe  was  cured  by  Paronychia ..  If  we  may  credit 
Helmont  and  Paracelfus , their  Pr<ecipitatus  diaphoreticus , taken  inwardly,  cures 
cancers  and  the  moL  inveterate  ulcers:  and  if  there  be  any  truth  in  the  relations 
of  eye-witnefles,  phyficians  and  others,  as  to  the  effe&s  of  the  weapon-falve 
and  fympathetic  powder,  nature  performs  many  fuch  cures  with  lefs  pain  than 
the  chirurgeon.  I knew,  as  I have  before  faid,  a very  ingenious  man,  poflefs’d 
of  a powder  wherewith  he  conLantly  undertook  to  cure  the  cancer’d  breaLs  of 
women,  without  any  confiderable  pain-,  which  I the  rather  believe  it  may  do, 
becaufe  it  feems  to  me  a duleification  of  arfenic,  fixt  with  nitre,  and  carefully 
freed  from  its  corrofivenefs,  by  repeated  diftillatiors,  with  frefh  fpirit  of  wine. 

Bartholin  mentions  the  cures  of  fome  hurts  in  the  head  perform’d  without 

trepanning. 
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trepanning,  where  that  operation  was  judg’d  neceffary.  And  that  formidable 
way  of  flopping  a hemorrhage  from  large  veffels  by  the  adlual  cautery,  would 
be  needlefs,  did  we  know  fuch  remedies,  as  Petrus  de  Ofma  mentions,  in  his 
letter  to  Monardes , dated  from  Peru.  44  In  the  city  of  St.  James , fays  he, 
“ lying  in  the  province  of  Chyle , Anno  Bom . 1558,  there  were  fom t Indian 
« captives  who  cutoff  their  own  calves  of  their  legs,  which,  for  want  of  other 
“ provifion,  they  broil’d  and  eat ; but  the  greater  wonder  is,  that  by  apply- 
««  ing  the  leaves  of  a certain  plant  to  the  wounds,  the  flux  of  blood  w'as  im- 
4 4 mediately  flopp’d.”  I knew  a rich  man  who  had  an  uncommon  fiflula  in 
his  breafl ; and  having,  in  vain,  confulted  the  ablefl  chirurgeons  of  feveral 
countries,  ’twas,  at  length,  refolv’d  to  trace  it  with  the  knife:  whilfl  they  were 
preparing  for  the  operation,  a chirurgeon  accidentally  came  in,  and  told  the 
patient  he  could  eafily  cure  him  without  cutting;  which  he  foon  did,  by  the 
ufe  of  an  almofl  indolent  remedy  ; as  the  patient  himfelf  affur’d  me  ; who, 
moreover,  fhew’d  me  his  breafl,  and  procured  me  fome  of  the  medicine.  I 
fhall  here  add,  that  a certain  perfon  having  lately  receiv’d  a kick  from  a horfe; 
the  phyfician  and  chirurgeon  employ’d,  concluded  the  part  gangren’d,  and  the 
patient  in  fo  delperate  a flate,  that  they  defired  to  be  excluded  attending  him  : 
upon  this,  a large  dofeofSir  Walter  Rawleigh' s cordial  was  fent  him;  he  took 
it ; his  fever  and  delirium  left  him  ; and,  to  the  furprize  of  every  body,  his 
limb  was  perfedtly  reflored.  As  a confirmation  of  thefe  relations,  I fhall  pro- 
duce what  Pifo  faw  perform’d  by  the  illiterate  Indians.  44  Such  gun-fhot 
44  wounds,  fays  he,  as,  I remember,  the  European  chirurgeons,  both  Portu - 
44  guefe  and  Butch , thought  incurable  without  amputation,  were  excellently 
44  cured  by  the  natives,  with  frefh-colledted  gums  and  balfams ; and  I can 
44  farther  teflify,that  by  nothing  but  tobacco-juice  they  cured  ulcers  andmor- 
44  tifications,  which  were  given  over  in  the  hofpitals.” 

Nor  is  rendering  a cure  agreeable,  the  greatefl  advantage  the  art  of  healing 
may  receive  from  chymiflry  ; it  may,  likewife,  affifl  to  difcover  the  qualities, 
both  of  fimple  and  compound  medicines.  By  its  means  we  learn  the  predo- 
minant minerals  in  medicinal  waters  ; tho’  this  is  a fubjedt  that  remains  to  be 
improv’d  upon.  And  many  trials  have  convinc’d  me,  ’tis  rather  our  own,  than 
the  fault  of  nature,  or  of  chymiflry,  that  we  remain  fo  ignorant  of  medicaments: 
for  tho’  the  abflrufe  properties  of  fpecifics  are  not,  I fear,  eaf  ly  learnt,  with- 
out particular  experiments  and  obfervations ; yet  many  fimples  haveunregarded 
qualities,  fuch  as  fournefs,  faltnefs,  corrofivenefs,  (Ac.  refidingin  matter  near  of 
kin  to  fait,  or  fulphur ; whereby  they  frequently  operate.  And  thefe  qualities 
feem  to  be  difcoverable  by  chymiflry,  without  making  trial  on  the  human  bo- 
dy. There  are  fome  plants  whole  juices  will  coagulate  into  a fait,  which  may 
be  cal’d  effentia! ; and  fuch  vegetables  as  thefe  may  be  diflingu  idl’d  from  others. 
And  poffibly,  alfo,  falts  may  differ  in  figure,  tafle,  (Ac.  fo  far  as  to  be  diflin- 
guifhable  into  different  kinds.  If,  likewife,  we  compare  the  falts  of  thefe  ve- 
getables with  thofe  of  others,  fuppofed  to  abound  in  volatile  and  faline  parts; 
and,  farther,  examine  other  plants  by  chy  mica!  operations,  whilfl  we  remark  their 
difpofition  to  yield  fpirits  or  oils  by  fermentation,  with  other  particulars,  where- 
in they  agree,  or  difagree,  with  each  other,  ’tis  very  probable  we  fhould  make 

many 
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many  difcoveries  of  their  refpe&ive  natures  and  properties  *.  The  infufion,  or 
decottion,  of  fome  plants  will  become  red  by  the  addition  of  alkaline  falts, 
whilft  acids  will  much  impair,  or  deftroy,  that  colour.  A little  Aqua  fortis 
immediately  turns  the  redtin&ure  of  brazil,  made  with  water,  into  a pale  yel- 
low ; a fmall  quantity  of  the  lixivium  of  pot-afhes,  dropp’d  into  an  infufion 
of  red  rofe-leaves,  changes  it  into  a muddy  colour  ; and  a little  fpirit  of  fait, 
into  a fine  red.  Avery  ftrong  folution  of  pot-afhes  will  precipitate  a part  of 
the  decotflion  of  red-rofes  ; and  upon  filtring  the  mixture  the  grofier  parts 
will  remain  behind,  like  mud,  of  a dirty  colour ; but  the  liquor  tranfmitted,  ap- 
pears high  colour’d  like  mufcadine.  As  galls,  aftiptic  vegetable,  afford  a de- 
codtion,  which,  with  copperas,  makes  the  common  ink;  fo  other  aftringent 
plants  may  ferve  for  the  fame  purpofe : for  vitriol  put  to  a decodtion  of  oak- 
bark,  or  red-rofes,  log- wood,  or  fumach,  will  make  a writing  ink  ; but  that  all 
aftringent  vegetables  will  do  the  fame,  I cannot  affirm.  Obferving  that  a fo- 
lution of  vitriol,  and  the  decodtions  juft  mentioned,  precipitated  each  other,  I 
diffolv’d  cryftals  of  filver  in  water,  which  make  a colourlefs  liquor  *,  and  found 
they  precipitated  differently  colour’d  fubftances  in  the  infufion  of  feveral  vege- 
tables according  to  the  feveral  difpofitions  thereof.  Thus,  alfo,  Saccharunt 
Saturni , whilft  diffolv’d  in  the  fpirit  of  vinegar,  that  extradts  it,  being  put  to 
an  infufion  of  log-wood,  Lignum  Nep  hr  it  i cum , or  redrofes,  they  willprecipi- 
tate  each  other.  Add  to  thefe,  that  fulphureous  oils,  2&OleumLartari  per  de - 
liquium , dropp’d  into  the  expreffed  juice  of  feveral  vegetables,  turns  it,  in  a 
moment,  to  a lovely  green,  whatever  be  the  colour  of  the  vegetable.  And 
tho’  it  be  controverted  whether  quick-lime  hath  any  fait  that  will  diffolve 
in  water,  or  of  what  nature  it  is  *,  fome  experiments  therewith  have  fliewn  me, 
that  the  water  thereof,  well  made,  v/ill  precipitate  a folution  of  fublimate, 
and  turnfyrup  of  violets  green. 

I next  obferve,  that  alfo  the  medicinal  qualities  ofanimal  fubftances  are  dis- 
coverable by  chymiftry  ; as  we  formerly  fhew’d  by  diftilling  the  calculus  hu - 
manus , how  it  differed  from  the  ftones  of  the  earth.  By  diftilling  one  parcel 
of  crabs  eyes,  infufing  another  in  vinegar,  and  a third  in  white  wine,  perhaps 
fomething  peculiar  to  the  nature  of  this  concrete  may  be  found.  Nay,  in 
fome  animal  fubftances,  the  proper  experiments  will  fhew  remarkable  changes 
and  properties,  which  are  fcarce  perceptible  to  the  eye.  Thus  I have  remark’d 
in  urine  kept  clofe  for  many  weeks,  in  a moderate  heat,  the  virtues  depend- 
ing upon  its  volatile  fait,  will  be  fo  heighten’d,  that  whereas  fpirit  of  fait 
•being  added  to  frefh  urine,  they  quietly  mix  ; dropping  the  fame  fpirit 
into  digefted  urine,  an  hiding  and  ebullition  will  prefently  enfue,  and  the 
volatile  and  acid  falts  foon  after  coagulate  together  into  a third  fubftance  a- 
kin  to  fal-armoniac.  And  fo,  tho’  iyrup  of  violets,  diffolved  in  a little 
frefh  urine,  feems  only  thereby  diluted  ; a few  drops  of  fermented  urine,  pre- 
fently change  it  to  a deep  green.  Laftly,  the  fame  digefted  urine  dropp’d 
into  a folution  of  fublimate,  immediately  turns  it  white,  by  precipitating  the 
mercury  diffolv’d  therein. 

. * Here  is  an  unexceptionable  method  chalked  out  for  eftablifhing  a materia  mdicauvonz. 
juft  foundation, 
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The  following  experiment  may  afford  a certain  way  to  difcover  whether  be. 
zoar  be  genuine  or  adulterate.  We  took  40  or  50  grains  of  choice  oriental 
bezoar,  reduced  to  powder,  and,  in  a bolt-head,  poured  on  it  fix  drams  of  good 
fpirit  of  nitre,  to  try  whether  this  liquor  would  prove  a fit  menflruum  for  it, 
as  we  found  it  did  for  the  Calculus  humanus.  And  tho’  this  effufion  being 
purpofely  made  in  the  cold,  the  liquor  did  not,  at  firft,  feem  to  work  on  the 
Hone;  yet,  foon  after,  it  fell  violently  upon  it,  and  diffolv’d  the  greater  part 
of  it,  not  without  noife,  and  a great  effervefcence.  The  folution  was  almoil 
red,  and  the  glafs  being  fet  in  a digeftive  furnace,  the  whole  powder  not  on- 
ly diffolv’d,  but  being  left,  for  a night  or  two,  in  a north  window,  it  affor- 
ded feveral  faline  concretions,  much  larger  than  could  well  have  been  expec- 
ted from  fofmall  a quantity  of  matter  ; and  thefe  cryftals,  whilft  they  were 
yet  in  the  glafs,  very  nearly  refembled  falt-petre. 

Two  ounces  of  oriental  feed-pearl,  being  put,  whole,  into  a retort,  and  di- 
ftill’d  in  a fand-furnace  by  degrees  of  fire,  giving  a ftrong  one  at  the  laft  ; we 
obtain’d  a little  black  oil,  fwimming  upon  the  fpirit,  which  wasalfo  dark  and 
muddy,  as  if  incorporated  with  fome  more  oil.  The  weight  of  bo* h thefe 
liquors  was  23  grains,  befides  which,  there  fluck,  to  almoft  all  the  upper  part 
of  the  retort,  a thin  film  of  oil,  which,  together  with  a ftreak  of  the  like, 
reaching  to  the  bottom  of  the  receiver,  we  eftimated  at  3 grains  more,  and  fo 
reckon’d  26  grains  for  the  weight  of  the  whole  afcended  matter.  The  Caput 
mortuum  amounted  to  full  the  remaining  weight  of  the  two  ounces.  The  empy- 
reumatical  liquors,  that  came  over,  fmelt  much  like  thofe  of  harts-horn  ; and 
the  fpirit  was  found  to  belong  to  the  tribe  of  the  urinous  ones,  or  of  volatile 
alkalies;  for  it  readily  hifs’d,  and  produced  bubbles,  with  good  fpirit  of 
fait,  turn’d  fyrup  of  violets  green,  and  being  dropt  into  a folution  of  fubli- 
mate,  chang’d  it  white;  the  oil  that  (tuck  to  the  retort,  and  which  was  fe- 
tid, like  that  of  harts-horr,  eafily  difloiv’d  in  redtify’d  fpirit  of  wine,  and 
afforded  a reddifh  brown  folution.  The  Caput  mortuum  appear’d  very  b ack, 
and  fome  grains  of  it  were  found  readily  diffoluble  in  fpirit  of  vinegar : be- 
ing calcin’d  in  a well-covered  crucible,  with  a ftrong  fire,  it  became  purely 
white,  and  weighed  lefs  by  fome  grains,  than  an  ounce:  and  we  alfo  found, 
that  being  pulverized,  it  tafted  hot  and  bitterifh  upon  the  tongue,  like  good 
quick-lime,  and  that  it  was  not  only  of  an  alkalifate,  but  a lixival  nature  : for 
it  prefently  turn’d  fyrup  of  violets  green,  and  quickly  afforded  an  orange 
colour’d  precipitate,  with  a folution  of  fublimate. 

But  farther,  the  naturalift  may,  by  this  kind  of  proceedure,  increafe  the  ma- 
teria medica  ; for  chymical  preparations  will  difcover  that  various  bodies, 
not  hitherto  introduced  into  medicine,  may  be  fafely  ufed  ; and  that  others, 
whofe  exhibition  is  attended  with  danger,  may  be  more  freely  employ’d.  Some 
chymiftshave  lately  made  very  good  medicines  out  cfzink,  orfpelter.  It  has 
often  excited  my  wonder,  to  find  phyfcians  and  chymifts  fo  negligent  indif- 
covering  the  qualities  of  mineral  earths,  and  the  1-ke  bodies  that  abound  in 
moil  countries  : for  tho’  they  be  look’d  upon  as  ftain’d  elementary  earth  ; 
I have,  fometimes,  feen  a great  variety  of  them  dug  up  in  a fmall  fpot  of 
ground,  fo  very  different  from  each  other  in  colour,  tafte,  confidence,  and 
other  qualities,  as  to  make  it  very  probable  their  natures  were  different. 
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The  true  bole-armeniac,  and  Lemnian  earth,  have  been  highly  efteem’d, 
both  by  ancient  and  modern  phyficians,  as  antidotes  for  malignant  difeafes, 
and  the  plague  itfelf  *,  but  as  there  are  ftrongfufpicions  that  thefe  earths  come 
to  us  adulterated,  ’tis  ftrange  phyficians  (hould  not  try  whether  their  own 
country  cannot  furnifh  them  with  as  good.  The  attempts  lately  made,  might, 
one  would  think,  encourage  them  herein.  For,  without  cred'ting  Johannes 
Montanus , the  fuppofed  inventor  of  the  Terra  figillataStrigonien/is^  who  af- 
firms it  to  be  tranfmuted  gold  ; I find  learned  phyficians  prefer  it  to  the  Lemni- 
an  earth,  thatis  brought  from  Turkey  ; particularly  Sennertus  highly  recommends 
it  againft  the  plague,  peftilential  fevers,  the  bites  of  venomous  creatures,  the 
diarrhea  and  dyfentery  •,  he  adds,  that  the  chymifts  call  it  Axungia  folis  \ 
which  brings  to  my  mind,  that  a gentleman  once  brought  me  a particular 
earth,  found  either  in  this,  or  fome  adjacent  country,  which,  tho’  it  feem’d 
but  a mineral  one,  afforded  a confiderable  quantity  of  gold.  They  have, 
alfo,  foufid  in  Hungary , an  earth  call’d  Bolus  Tockavienjis , faid  by  Crato , to 
melt  in  the  mouth  like  butter;  and,  in  other  refpedls,  to  be  like  bole-arme- 
niac;  to  which,  he  preferr’d  it  againft  catarrhs,  and  found  its  fuccefs  very 
great  in  the  plague  uhat  reign’d  in  his  time  at  Vienna.  And  a very  learned 
and  fuccefsful  phyfician  of  Englan d9  did  lately,  in  peftilential  fevers,  prefcribe, 
with  a good  effedt,  a red  earth  he  found  near  the  town  where  the  plague 
raged.  That  experienced  chymift  alfo,  Johannes  Agricola , greatly  commends 
the  Terra  Silefiaca  in  feveral  difeafes,  and  equals  it  to  the  beft  of  Turkey  \ tel- 
ling us,  moreover,  what  feems  ftrange,  that  the  fpirit  of  it  diffolves  gold,  as 
well  as  Aqua  regia , tho’  more  (lowly,  into  a red  folution,  which  in  few 
days  precipitates  the  gold  in  fine  powder.  The  fame  author  relates,  that  he 
has  feen  another  earth,  found  near  kVefterwaldt , in  colour  between  white  and 
yellow,  preferable  to  the  Silefian , as  yielding  more  fait  than  that ; and  dif- 
folving  filver  fo  much  better  than  other  menftrua,  as  to  render  it  potable, 
and  parable  into  a ufeful  medicine  in  cephalic  cafes.  Nor  am  Ifurprizedat 
the  efficacy  of  thefe  earths,  confidering  how  they  may  be  imbued  with  mine- 
ral fumes,  or  tinged  with  mineral  juices,  which,  having  never  felt  the  fire, 
retain  all  their  loofe  and  volatile  parts,  with  a greater  difpofition  to  com- 
municate their  virtues,  than  when  reduced  to  a more  fixed  ftate,  or  after  the 
violence  of  the  fire  has  thrown  off  their  finer  particles. 

Such  mineral  bodies  as  are,  of  themfelves,  noxious,  or  unfit  for  medicinal  Chymijtry  may 
ufes,  may,  by  chymiftry,  be  reduced  towholefome  medicaments,  and  fo  again  convertnoxi- 
enlarge  the  materia  medica.  Thus  I knew  arfenic  brought,  by  falt-petre  and  fpi-  °ffstnt7fucb 
ritofwine,  into  a balfam,  which,  furprizingly  cured  a phyfician  of  my  acquain-  asfiaUbe 
tance,  of  dangerous  venereal  ulcers.  And  tho’ bifmuth  has  not,  till  of  late,  ^hole/ome. 
been  ufed  buL  as  a cofmetic;  yet  C/oJfeus , by  calcination,  and  the  addition  of 
fpirit  of  vinegar  and  Cremor  tartari,  makes  two  medicines  thereof,  which  he 
highly  extols  in  the  dropfy.  A chymift  alfo,  of  my  acquaintance,  prepares  it, 
with  common  fublimate,  into  a white  powder  ; a few  grains  whereof  purge 
gently.  Digeftion,  with  powerful  menftrua,  may  reduce  the  ranked  poi- 
fons  to  excellent  remedies.  And  medicines  thus  prepared  are  highly  extoll’d 
by  Helmont . But  tho*  he  fpeaks  in  an  hyperbolical  manner  concerning  them, 
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yet,  when  I confider  what  great  things  are  frequently  performed  by  antimo- 
ny, mercury,  opium,  even  in  the  common  preparations  of  them,  it  feemspro- 
bable,  that  a more  fkilful  management  might  thence  obtain  very  extraordinary 
remedies.  ’Tis  faid,  indeed,  that  when  a poifon  iscorretffed,  it  thereby  lofes 
its  a&ivity  *,  but  the  fimples  above -mention’d,  fufficiently  fhew  this  not  to  be 
true,  which  are,  by  that  means,  prepared  into  fafe  and  effectual  medicines. 
Thus  thebezoar  mineral,  wherein,  when  duly  managed,  the  purgative  and  eme- 
tic quality  of  the  antimony  is  changed  into  a refolving  diaphoretic  and  deob- 
ftruent  one,  becomes  a good  medicine  ; and  is  well  recommended  by  Riverius. 
Crude  Afarum , in  like  manner,  known  to  be  emetic,  is  very  eaflly  render’d 
diuretic,  as  fome  phyficians  aver,  and  ferviceable  in  flow  fevers.  And  that  all 
other  animal  and  vegetable  poifons  may  be  corrected,  without  lofing their  effi- 
cacy, is  affirm’d  by  Helmont  *.  Crabs-eyes,  refolved  into  their  original  milky 
ftate,  he  fays,  will  do  it  in  many  vegetables  ; which  was  confirm’d  from  the 
experience  of  a phyfician  of  my  acquaintance.  Another,  tho’  no  friend  to 
Helmont , affured  me  he  had  feen  vegetable  poifons,  and,  particularly,  Napellus , 
fo  corredted  by  the  volatile  fait  of  tartar,  as  to  become  innocent.  I fhall  fay 
nothing  here  of  Helmont' s Sal  circulatum  ; but  as  to  the  volatilization  of  fait  of 
tartar,  my  own  experience  perfwades  me  ’tis  poffible.  ’Tis  true,  it  muft  be  a 
powerful  corredtor  that  can  thus  alter  many  different  poifons  •,  yet  I cannot  fee 
but  feveral  particular  bodies  may,  by  difference  in  the  management,  be  pre- 
pared for  medicinal  ufe,  without  laborious  or  general  corredlives.  Even  lucky 
hits  will,  fometimes,  afford  us  thefe  difcoveries ; as  Helmont  found  that  Afarum 
lofes  its  emetic  property,  and  becomes  a diuretic,  by  boiling  in  common  wa- 
ter; tho’  boiling  it  with  the  fame  degree  of  heat  in  wine,  will  not  aboliffi  its 
native  quality.  I have  known  white  hellebor,  opium,  &V.  when  duly  pre- 
pared, given,  with  happy  fuccefs,  in  fuch  quantities  as  would,  otherwife,  have 
proved  pernicious.  The  violent  emetic  and  cathartic  properties  of  antimony, 
are  daily  deltroy’d  by  calcination,  with  falt-petre  *,  corrofive  lublimate,  by  re- 
peated fublimation  with  frefh  mercury,  becomes  a medicine  that  children  may 
take  with  fafety ; and,  even,  that  vio  ent  emetic,  flowers  of  antimony,  whofe 
force  the  higheft  cordials  are  unable  to  abate,  may,  by  bare  heat  and  fkill, 
be  corrected,  fo  that  treble  the  common  dole  fhall  only  prove  a gentle  dia- 
phoretic -f.  A 

Pbilofipby<will  Natural  philofophy  brings  another  advantage  fo  phyfic,  by  leflfening  theex- 
Ujfen  the  ex-  pence  of  a cure.  The  end  of  medicine,  ’tis  true,  regardsmen’s  health,  and  not 
pence  of  a cure,  pUrfes  . yet  a phyfician,  in  equity,  fhould  confider  the  poor.  To  fay 


* To  fh?w  an  eafy  way  of  converting  poi- 
fons into  fafe  medicines,  and  afterwards  how 
to  app’y  thefe  medicines  as  alteratives,  occafio- 
nally,  would  be  greatly  to  ferve  mankind,  and 
advance  the  art  of  medicine.  Whoever  has  the 
fecret  of  applying  theftrongeft  medicines  in  due 
quantities,  without  promoting  any  fenfible  eva- 
cuation, and  continues  their  ufe  for  the  proper 
time,  will,  in  chronical  cafes,  cure  fuch  pa- 
tients as  others  would  be  apt  to  judge  incura- 


ble. One  way  of  converting  poifons  into  fafe 
remedies,  is,  to  give  them  in  very  fmall  dofes, 
whereby  their  fpecific  virtue,  as  Dr.  Mead  ob- 
ferves,  may  be  difeovered.  FJfays  of  Poifons , 
p.  132. 

f M.  Homberg  knew  a phyfician  at  Rome » 
who,  even  from  real  gall,  prepared  an  excellent 
Febrifuge , which  was  fo  gentle  as  not  to  prove 
emetic*  FUJI.  de  l' Acad,  A . 1703.  p.  64. 
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nothing  of  the  extravagant  fees  given  to  the  phyficians  of  l'ome  places  ; the  A- 
pothecaries  bills,  in  particular  cafes,  are  fo  enormous,  that  after  a recovery,  the 
poor  patients  are  often  diftrefled  to  pay  them.  Hence  it  happens  that  the  ne- 
^ceffitous  either  languifh  without  relief,  or  too  late  implore  the  help  of  a phyfi- 
cian  •,  whereas  it  were  eafy  to  prefcribe  cheap  medicines,  that  mould,  at  the 
fame  time,  be  efficacious.  One  way  of  doing  this,  is  to  avoid  crowding  a pre- 
fcription  with  ingredients;  tho’  I am  not  for  exploding  all  compound  medicines  ' Compound  mt- 
for  complicated  cafes  will,  fometimes,  require  feveral  qualities  in  one  reme-  di tines  covfi - 
dy,  which  are  not,  perhaps,  obtainable  from  any  fimple.  And  altho’  the  chief1 *ered> 
ingredient  in  a compofition  often  demands  correctives,  a vehicle,  &V.  yet  I 
am  of  opinion,  ’twould  be  no  detriment,  were  phyficians  more  fparing  in  be- 
llowing them.  The  addition  of  needlefs  ingredients  increafes  the  bulk  of  a 
medicine,  renders  it  more  difficult  to  take,  naufeates  the  ftomach,  and  pre- 
vents the  efficacy  of  the  more  ferviceable  parts  therein.  ’Tis,  moreover,  a 
great  impediment  to  the  difcovery  of  the  virtues  in  fimples,  thus  to  huddle 
and  confound  them  together;  for  when  a number  of  ingredients  are  mix’d, 

’tis  impoffible  to  know  the  operation  of  each.  Again,  tho*  from  exhibiting 
one  of  thefe  complex  medicines,  a phyfician  only  expedls  an  effedl  fuitable  to 
the  fingle  quality  predominant  in  the  whole;  feveral  of  the  ingredients  may 
have  fuch  particular  effedls,  as  he  never  dream’d  of ; and  excite  the  latent  feeds 
of  other  diftempers.  Thus,  I remember,  an  oculift  told  me,  he  had  frequently 
found  that  parfly,  accidentally  ufed,  either  internally  or  externally,  would  caufe 
great  pain  or  inflammation,  in  fore  eyes;  and  my  own  were  thus  affedled  once 
by  eating  fauce,  wherein  this  herb  was  an  ingredient.  ’Tis  faid,  in  favour  of 
thefe  compofitions,  that  tho’  fome  noxious  ingredients  enter  them,  they  are  fo 
qualified  by  the  reft,  as  to  become  innocent:  yet  in  venice-treacle,  the  fame 
quantity  of  opium,  tho’  mixed  with  above  fixty  other  drugs,  retains  its  virtue. 

And,  perhaps,  the  reafon  why  thofe,  who  are  continually  taking  phyfic,  are 
ufually  troubled  with  one  diftemper  or  other,  is  becaufe,  by  the  variety  of 
the  medicines  they  ufe,  fuch  humours  are  difturbed,  as  might,  otherwife,  have 
lain  dormant.  But  another  argument  for  the  ufe  of  compound  medicines  is, 
that  how  numerous  foever  the  ingredients  may  be,  they  fo  temper  and  allay 
each  other,  that  the  refult  of  the  whole,  is  one  chief  medicinal  quality.  And, 
in  fome  cafes,  this  feems  probable  enough  ; fora  decoblion  of  galls,  and  afo- 
lution  of  copperas,  neither  of  which  a-part  are  black,  make  ink  by  their  mix- 
ture; as  brimftone,  falt-petre,  and  charcoal,  join’d  in  due  proportions,  compofe 
gun-powder.  Yet,  tho’  a new  property  arifes,  when  a multitude  of  ingredients 
are  added  together, ’twill,  I fear, be  very  difficultto  determine  beforehand  what 
it  will  prove,  whether  noxious  orharmlefs;  or  whether  the  principal  parts  fhall 
be  improv’d,  or  impair’d.  Thus,  tho’  crude  mercury,  crude  nitre,  and  crude  fait, 
fing’y  adminiftred,  even  in  large  quantities,  are  innocent ; yet  a compofition  of 
the  three  makes  a fublimate,  a few  grains  whereof  willpoifon  a man.  Tho’  I can- 
not, therefore,  commend  the  ufe  ofthofe  famed  compofitions,  mithridate,  venice- 
treacle,  and  the  like,  when  two  or  three  fimples  might  do  as  well;  yet,  becaufe  long 
experience  has  ffiewn  them  to  be  good  medicines  in  many  cafes,  they  ought  not 
to  be  negle&ed.  But  ’tis  one  thing  to  ufe  fuch  a compofition,  after  trial  has 
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proved  it  a lucky  one,  and  another  to  rely  on  a huddle  of  ingredients,  before 
experience  has  manifefted  the  nature  thereof.  In  a word,  tho*  I had  no  great 
opinion  of  the  contrivers  of  the  medicines,  into  which  ingredients  are  thrown 
by  fcores,  I would  not  reje6t  an  effectual  one,  tho’  it  prov’d  fo  by  accident, 
rather  than  defign.  A wife  man  may  ufe  a remedy,  that  none  but  a fool 
would  have  devifed. 

Another  way  to  leflfen  the  charges  of  a cure,  is  to  throw  out  of  compofitions 
fuch  ingredients  as  are  unfit  for  the  management  direhled.  ’Tis  not  without 
furprize  and  indignation,  that  I fee  in  the  prefcription  of  phyficians,  and, 
even,  in  their  public  difpenfatories,  fuch  a want  of  fkill  in  this  particular.  ’Tis 
ufual  with  them  to  order  many  things  to  be  diftill’d  in  Baineo , which,  with 
that  heat,  will  yield  nothing,  or  only  a little  naufeous  phlegm  ; while  the  vir- 
tues of  the  ingredients,  remaining  behind,  are  often  thrown  away  after  the 
diftillation  is  over.  ’Tis,  in  moft  cafes,  very  unfafeto  conclude  the  virtues  of  di- 
fLiJTd  liquors  the  fame,  as  of  the  ingredients  they  are  made  from. 

Again,  fuch  ingredients,  as  ufed  feparately,  would  be  effectual,  are  often 
fpoil’d  by  an  unfkilful  mixture.  I have  feen  many  proceffes,  wherein  faline 
fubftances  of  contrary  natures  are  order’d  *,  tho’  there  are  fcarce  any  bodies  in 
the  world  more  oppofite  to  each  other  than  acid  falts,  whether  volatile,  or 
fixed.  Hence  it  frequently  happens,  that  two  good  ingredients  are  deftroy’d. 
And  this  is  the  cafe,  when  acid  juices  are  order’d  to  be  diftill’d  with  alkaline 
falts;  thus  fpiritof  urine,  and  the  fpirit  of  fait  diftill’d  together  in  Baineo,  yield 
nothing  but  phlegm  *,  leaving  their  a6tive  parts  behind,  coagulated  into  a fixed 
fubftance,  a- kin  to  fal-armoniac.  In  like  manner,  where  active  falts  are  made 
ingredients,  unlefs  judgment  be  employ’d  in  the  compofition,  they  frequently 
deftroy  one  another’s  virtue,  and  degenerate  into  a new  thing  ; and  thence, 
perhaps,  out  of  many  ufeful  ingredients,  one  bad  medicine  arifes. 

Hanymateri-  The  naturalift  may  further  contract  the  coft  of  medicines,  byfhewing,  that 
*tb  U/c^ hanje  manY  materials  ufed  in  phyfic,  have  little,  or  no  medicinal  virtue,  at  leaft  not 
lit  tie  virtue,  ec[ual  to  the  price  they  bear.  I am  not  altogether  for  rejecting  leaf-gold,  and 
and.  ethers  ne - precious  ftones ; the  diftblvent  in  the  ftomach,  may,  thence,  poflibly,  extradt 
glecied  that  fome  ufeful  parts,  and,  thereby,  render  them  ferviceable  to  fuch  as  will  go  to 
ave more,  the  price  of  them.  I have,  with  different  liquids,  eafily,  and  without  heat, 
obtained  tindlures  from  gems,  and  fometimes  difiolved  them  : nor  do  I defpife 
them  exhibited  in  fubftance.  Glafs  of  antimony,  which  appears  like  a ruby, 
will  readily  impart  an  emetic  quality  to  fluids;  tho’  as  well  rubies,  as  other 
gems,  differ  therefrom  in  fixednefs.  Gems  will  endure  a violent  fire,  and 
the  force  of  ftrong  corrofive  liquors ; but  the  g^fs  oi  antimony  yields  to  fpi- 
rit of  vinegar,  and  a ftrong  fire  diflipaies  it  into  fume.  However,  *tis  one 
thing  to  fhew  it  poffible  for  the  human  ftomach  to  a£t  upon  gems  and  gold; 
and  a different  one  to  prove  that  it  really  does  fo,  and  by  that  means  gets 
out  the  fpecific  virtues  aferibed  to  them.  And  were  even  this  demonftra- 
ted,  it  remains  to  be  confirm’d,  that  thefe  do  more  than  cheaper  fimples  .?  fo 
"that  I fuppofe,  phyficians  might  do  well  topreferibe  the  latter,  whofe  virtue  is 
unqueftionable,  to  the  poor,  inftead  of  the  former,  whofe  dearnefs  is  certain. 
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What  wonderful  powers  may  refide  in  the  true  Aurum po tali le,  I dial  I not  Aurum  pota- 
now  particularly  inquire : the  attempts,  however,  to  make  it  fo  feldom  fucceed  bi!c  PrrPared' 
aright,  that  many  have  pronounced  its  preparation  unfeafible.  But  were  it  not; 
why  muft  it  poftefs  fuch  virtues  as  others  boaft  of?  The  current  reports  con- 
cerning it,  arile,  not  from  experiments,  but  in  great  meafure  the  authority  of 
books  that  bear  fictitious  names.  And  fome,  I fear,  commend  it,  from  a fup- 
pofrion  that  the  gold  is  hereby  rendered  volatile,  or  exalted  to  a fpiritual  na- 
ture ; and  argue  its  excellence  from  the  noblenefs  of  the  metal.  But,  for  my 
part,  tho’  I have  a menftruum  that  will  foon,  with  a gentle  heat,  bring  over 
crude  gold  enough,  upon  a firfl  or  fecond  diftillation,  to  afford  a high  yellow- 
volatile  tincture  ; yet  as  I can  quickly  recover  a malleable  gold  therefrom,  I 
dare  not  pretend  to  do  wonders  with  the  metal  diffolved  therein.  But  to 
make  an  Aurum  pot  obile  in  an  hour  or  two’s  time  without  a furnace,  or  any  other 
diftilled  liquor  than  rectified  fpirit  of  wine,  I have  feveral  times  prepared  a 
falinemixture,  confuting  of  one  part  of  fal-armoniac,  two  parts  of  roch-alum, 
and  four  of  pure  nitre.  This,  being  well  pulverized  and  mixed,  I rubb’d  dili- 
gently in  a marble  mortar  with  15  or  1 6 parts,  in  weight,  of  the  whole  mixture, 
of  leaves  of  gold  ; and  placing  the  whole  in  a fmall  new  crucible,  with  a few 
kindled  coals  around,  at  a fmulldiftance  from  it,  to  neal  the  veffel,  I foon  af- 
ter fet  them  nearer,  till  the  heat  made  the  matter  melt ; and  with  that  gentle 
fire  I kept  it  in  fufion  till  it  vifibly  emitted  nomore  fumes,  but  grew  dry  again. 

Then  prefently  taking  it  from  the  fire,  whilft  it  was  yet  warm,  I dug  it  out  as 
clean  aspoffible,  and  having  feafonabiy  pulverized  it,  that  it  might  not  attradt 
the  moifture  of  the  air,  I put  it  to  fome  highly  rectified  fpirit  of  wine,  which 
within  an  hour  or  lefs  was  thereby  enobled  with  a rich  golden  colour.  And  this 
I found  by  various  trials,  purpofely  made,  to  be  a real  folution  of  gold.  And  far- 
ther, to  make  a preparation,  wherein  gold  is  reduc’d  to  very  minute  parts,  with- 
out the  help  of  mercury,  or  of  any  precipitation  by  means  of  fharp  falts,  we 
took  refin’d  gold,  and  diffolv’d  it  in  clean  fpirituous  Aqua  regia',  and  infteadof 
precipitati  g the  clear  folution  with  oil  of  tartar  perdeliquium,  fpirit  of  fal-armo- 
niac, &c.  wefirft,  with  a very  moderate  heat,  drew  off  the  fuperfluous  liquor, 
whereby  the  gold,  with  the  remaining  part  of  the  menftruum,  was  left  in  the 
appearance  of  a thick  oily  liquor.  This  done,  we  pour’d  upon  it  a treble  weight 
of  vinous  fpirit,  totally  inflammable  ; and  in  a fhort  time  we  had  a very  fubtile 
powder  or  high-colour’d  calx  of  gold  that  fubfidedat  the  bottom  ; the  men- 
ftruum being  ftrangely  dulcify’d  as  to  tafte,  and  become  fragrant  in  point  of 
fmell.  A very  few  days  after,  we  decanted  the  liquor  and  put  on  it  frefh  ar- 
dent fpirit  ; when  leaving  them  a while  together,  there  fubfided  the  like  well- 
coloured  calx,  more  plentifully  than  before ; whilft  the  menftruum  acquir’d 
fuch  qualities,  as  made  it  feem  likely  to  prove  an  ufeful  medicine. 

This  powder  of  gold,  tho’  it  feem’d  not  to  require  it,  we  farther  purified 
for  internal  uf  , by  burning  a totally  ardent  vinous  fpirit,  twice  or  thrice 
thereon,  to  carry  off  with  it  any  little  corrofive  or  laline  particles  that  might 
have  (till  adhered  to  the  metalline  ones. 

The  fpirituous  A.ua  regia,  here  mention’d,  which  may  probably  be  a more 
innccent  menftruum  in  preparing  gold  for  medicinal  ufes,  I very  eafily  make, 
by  mixing  one  part  of  good  fpirit  of  fait  with  two  of  ftrong  fpirit  of  nitre. 

But 
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But  fhould  thefe,  or  the  like  preparations,  poffefs  medicinal  virtues,  they 
might,  perhaps,  be  more  owing  to  the  menftruum  than  the  metal ; whofe  noble- 
nefs  depends  upon  the  eflimation  of  men,  and  is,  accordingly,  infome  coun- 
tries lefs  efleem’d  than  iron  or  copper.  Nor,  becaufe  it  is  a fixed  and  precious 
body,  muft  it  therefore  be  an  extraordinary  medicine  ; for  then  diamonds  wou’d 
hardly  be  ranked  among  poifons.  Be  this  as  it  will,  ’tis  abfurd  that  phyficians 
fhould  prize  fimples,  likedrugfters,  according  to  their  dearnefs,  or  for  coming 
from  remote  regions ; as  if  God  had  made  provision  only  for  the  rich,  or 
thofe  who  trade  to  the  Indies . On  the  contrary,  it  frequently  happens,  as  we 
before  obferved,  that  the  Caput  mortuum  of  the  chymifls,  which  isfometimes 
thrown  away  as  ufelefs,  may  have  greater  virtues  than  thofe  reputed  nobler 
parts,  forced  from  the  original  bodies.  And  a defpifed  common  fimple,  nay 
an  infedl  or  an  excrement,  may  in  fome  cafes  prove  nobler  medicines  than  an 
extradl,  elixir,  or  a quinteffence.  Thus  thefuppofed  vile  Caput  mortuum , that 
remains  after  the  diftillation  of  Aquafortis  diffolved  in  common  water,  yields 
a fait,  which  being  only  depurated  by  frequent  folutions  and  filtrations,  be- 
comes the  famous  Panacea  duplicata , or  Arcanum  duplicatum , purchafed  at  the 
The  Arcanum  prjce  0f  £Go  dollars,  by  that  great  chymical  virtuofo  the  Duke  of  Holftein  ; 
up  icatum.  concernjng  which  that  prince’s  phyfician  thus  writes  to  Schroder'.  44  Our  court 
“ has  a thoufand  times  experienced  the  virtue  of  this  fait,  in  hypochondriacal 
4 c cafes,  continued  and  intermitting  fevers,  theflone,  fcurvy,  &?r.  the  dofe  is 
44  from  one  fcruple  to  two.”  And  another  phyfician  who  frequented  that  court, 
allured  me  of  the  diuretic  and  deobftruent  quality  of  this  medicine.  But  what 
appears  more  furprizing,  is,  that  the  Caput  mortuum  of  vitriol,  when  all  the 
oil  is  drawn  out,  and  its  fixed  fait  carefully  feparated  by  water,  the  mere  feem- 
ing  Herr  a damnata , that  remains,  is  parable  into  a nobler  medicine,  than,  per- 
haps, either  the  oil,  fpirit  or  fait,  of  that  mineral.  That  the  bezoar-flone,  fold 
at  an  immenfe  price,  is  every  wayinferiour  in  virtue  to  the  Calculus  humanus^ 
we  have  the  teflimony  of  the  experienc’d  Bontius.  And  foot,  tho’  efleem’d  a 
vile  commodity,  is  an  ufeful  one  in  phyfic.  Riverius  commends  it  in  pleuri- 
fies-,  and  I have  found  that  a fpirit,  made  thereof,  is  no  inconfiderable  liquor. 
I know  too  that  the  medicines  of  fome  eminent  phyficians  have  the  fpirit  of 
foot  for  their  principal  ingredient.  I remember  alio  an  empiric  of  learning, 
who  became  very  famous  for  curing  difficultdiftempers  of  the  brain,  by  a remedy 
he  call’d  his  Panacea , or  Aurum  potabilefNhiQh^  in  exchange  for  another  chymical 
fecret,  I learnt  of  him  to  be  chiefly  fpirit  of  foot,  wherein  the  flowers  of  ful- 
phur  were  fo  diffolved,  as  to  fwim  about  in  fmall  drops  of  a golden  colour. 

The  exprefs’d  juice  of  flone-horfe  dung  will  give  relief  in  a fuppreffion  of 
urine,  to  thofe  who  are  troub’ed  with  flitches  or  wind,  and  even  in  obflrudli- 
ons  of  the  liver  and  fpleen.  This  homely  remedy  has,  to  my  knowledge,  been 
fo  fuccefsfully  ufe i by  a great  lady,  that  fhe  prefers  it  to  chymical  effences  and 
elixirs.  And  many  of  the  poor  were  cured  of  the  plague  with  the  fame,  ufed 
as  a fuccedaneum  to  the  powder  of  ripe  ivy-berries,  when  that  dreadful  diflem- 
per  lately  rag’d  in  Ireland. 

The  medicinal  virtues  of  human  urine,  both  externally  and  internally  ufed, 
require  a volume  to  enumerate  : and  an  induftrious  chymift  has  already 
made  * coflccaon towards  it.  An  ancient  gentlewoman,  whom  I knew,  was  ad- 
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vifed,  for  a complication  of  obflinate  chronical  diflempers,  to  drink  her  own 
urine  every  morning  •,  which  reftored  her  almoft  to  a miracle.  A perfon  of 
great  quality  went  thro’  the  fame  courfe,  after  having  found  the  Sfaw  ineffectu- 
al. And  once  I taught  an  empiric  a cheap  preparation  of  this  excrement, 
which  render’d  him  famous  about  the  country,  for  the  cure  of  many  difeafes, 
especially  the  pleurify. 

Large  quantities  of  wholefome  human  blood  are  thrown  away  every  fpring 
and  fall,  as  ufelefs  ; yet  by  a fkilful  management  it  will,  without  any  thing  be- 
fidesfpirit  of  wine  to  keep  it  from  corrupting,  eafily  afford  a fpirit  and  volatile 
fait,  preferable,  I believe  to  thofe  of  harts-horn  *,  for  they  have  cured  confump- 
tions,  aflhmas,  &V.  to  the  admiration  of  my  felf  and  others.  To  give  one 
inftance  more,  of  the  efficacy  of  things  apparently  defpicable  ; the  common 
wood-lice  or  fows,  which  I have  both  taken  my  felf,  and  frequently  recom- 
mended to  others,  are  excellent,  not  only  for  the  ft  one  in  the  bladder,  but  a- 
gainft  other  diflempers.  A flight  preparation  of  them  was  difeover’d,  by  a learn- 
ed phyfician,  to  be  the  grand  fecret  of  an  empiric,  famous  in  England,  for  giving 
relief  in  fits  of  the  ftone  ; and  I knew  an  ancient  gentlewoman  fkill’d  in  phyfic, 
who,  having  loft  the  fight  of  one  eye  by  a cataract,  had  the  fudden  lofsof  that 
of  the  other  foretold  her  by  the  oculifts  •,  but,  to  my  furprize,  fhe  continued 
to  enjoy  it  in  great  perfection,  by  the  help  of  millepedes  infufed  in  white-wine; 
which  were  recommended  to  her  by  a woman  who  had  herfelf,  thereby,  been 
cured  of  a recent  fuffufion  in  both  her  eyes.  An  ingenious  phyfician,  alfo,  allu- 
red me,  that  he  met  with  a woman  in  Holland  who  was  cured  of  a real  cataraCt  by 
the  juice  of  the  fame  animals  •,  being  advifed  toufe  it  by  an  empiric,  report- 
ed to  have  therewith  performed  feveral  cures. 

Surprizing  things  have,  alfo,  been  done  in  fore  and  exulcerated  breads  of  wo- 
men by  taking  millepedes,  bruifed,  in  proper  liquids  •,  linen  cloths  being  dipp’d 
in  white-wine  and  applied  warm  to  the  part  during  the  time  of  their  ufe.  Let  me 
add,  that  I have  feen  a young  lady  who,  by  various  fiftulas  in  feveral  parts  of  her 
body,  was  lamed,  emaciated  and  weaken’d,  to  fuch  a degree,  that  her  life 
was  defpaird  of ; yet  by  the  frequent  ufe  of  a diet-drink,  wherein  millepedes 
were  the  chief  ingredient,  her  ulcers  fpeedily  heal’d,  and  a good  habit  of  body 
was  reftored.  And  many  other  cures  perform’d  with  the  fame  medicine,  were 
aferibed  to  this  fingle  ingredient.  Another  young  lady  I knew  afflicted  with  a 
radicated  epilepfy  *,  who  after  numberlefs  medicines,  preferib’d  by  phyficians, 
had  proved  ineffectual ; and  after  her  fits  came  upon  her  feverely,  eight  or  ten 
times  a day,  was  cured  by  the  powder  of  true  mifietoe  of  the  oak,  continued  for 
fome  days,  near  the  full-moon,  in  the  quantity  that  wou’d  lie  upon  a fix-pence, 
every  morning,  in  black  cherry-water  or  beer.  And  tho’  this  remedy  had  fcarce 
any  vifible  effeCt  upon  her  ; yet,  after  the  firft  day  it  was  taken,  the  fit  never  re- 
turn’d but  once.  The  perfon,  who  advifed  this  remedy,  profefs’d  he  had 
therewith  conftantly  cured  that  diflemper,  when  he  cou’d  procure , the  genuine 
limple*. 

* The  ufe  of  this  medicine  is  ftill  continued  with  tolerable  fuccefs  ; but  :nn.ny  queftun,  whe- 
ther it  be  a fpecific  for  the  epilepfy . 
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To  fave  tmi - To  know  how  to  fa ve  trouble  and  charges  in  preparing  chymical  medicines,  is 
lie  and  char- another  way  to  lefien  the  expence  in  the  curative  part  of  phyfic.  It  were  wrong 


be  paid  for  a confiderable  quantity  thereof,  yet  a dofe  may  come  cheap  enough. 
There  are  alfo  Galenical  medicines  fold  as  dear,  the  largenefs  of  their  dofe  con- 
fider’d,  as  the  chymical ; yet  when  the  prices  of  the  latter  are  exorbitant,  they 
fhou’d  be  retrench’d.  There  are  two  things  blameable  in  phyficians  as  to  this 
matter  *,  firft,  their  making  ufe  of  chymical  preparations,  when  fimples  or  flight 
compofitions  wou’d  ferve  as  well ; and,  fecondly,  their  bellowing  too  much  labour 
in  preparations.  There  are  phyficians  fo  fond  of  furnace-produblions,  that  to  cure 
a cut  finger,  they’ll  apply  fome  chymical  oil  or  balfam  ; and,  in  flight  diflempers, 
have  recourfe  to  mineral  remedies,  or  fuch  as,  occafioning  great  and  unnecefiary  al- 
terations in  the  body,  frequently  do  harm.  Yet  Paracelfus  often  ufed  fimples  for 
the  cure  even  of  formidable  difeafes.  And  tho’  I am  of  opinion,  that  powerful 
oruniverfal  remedies  are  unobtainable  without  chymiflry,  and  perhaps  without  mi- 
nerals *,  yet  I cannot  but  think,  that  fimples,  or  cheap  Galenical  compofitions,  may 
cure  moil  particular  difeafes  ; and  afford  more  noble  fpecifics  than  the  chymifls 
imagine.  Helmont  ingenuoufly  confeffes,  “ he  believ’d  fimples,  alone,  fufRcient  to 
a cure  all  diflempers and  fcruples  not  to  fay,  “ there  may  fometimes  be  greater 
“ virtue  in  them,  as  they  are  afforded  by  nature,  than  as  prepared  by  the  fire.” 
And,  queflionlefs,  the  fpecific  properties  of  many  fimples  are  deflroy’d  in  chymi- 
cal preparations.  The  moft  judicious  chymifls  acknowledge,  that  pearls  barely  re- 
duc’d to  fine  powder,  are  a better  medicine  than  the  magiilery  they  make  of  them, 
by  folution  in  acid  fpirits,  precipitation  with  oil  of  tartar,  and  a careful  edulco- 
ration.  The  fame  is  very  obfervable  in  the  magiflery  of  harts-horn  : for  whereas, 
this  fubflance,  when  crude,  makes  a jelly  with  water  j the  magiflery  remains  a fixt 
powder,  infoluble  even  by  acid  menflrua  ; and  fcarce  affords  any  fmoke  when 
thrown  upon  a hot  iron.  I never  found  the  vulgar  chymical  effences,  or  elixirs,  half 
fo  effedlual  in  flopping  hemorrhages,  as  equal  parts  of  hen-bane  feed,  and  white- 
poppy  feed,  beat  into  a fliff  ele&uary,  with  twice  their  quantity  of  the  conferve 
of  red  rofes.  With  this  remedy,  given  in  the  quantity  of  a nutmeg,  or  walnut, 
both  my  felf,  and  others,  have  frequently  cured  profufe  bleedings  at  the  nofe  and 
elfewhere.  Nor  did  I ever  fee  fuch  furprizing  effeds  from  the  mofl  elaborate 
chymical  preparations,  in  fpitting  and  vomiting  of  blood,  as  from  a fyrup  made 
only  of  plantain -juice,  that  of  comfrey-roots,  and  fine  fugar.  And  unufuai  cures 
of  this  kind  have  herewith  been  perform’d  by  two  eminent  phyficians. 

But  I obferved,  that  in  cafes  where  chymical  medicines  are  proper,  the  prepa- 
ration thereof  is  too  tedious  and  expenfive.  A chymical  procefs  is  feldom  order’d 
or  efleem’d,  that  requires  not  fome  w^eeks  to  complete  it  •,  as  if  the  embryo  wou’d 
otherwife  prove  abortive  j or  the  medicine  cou’d  not  cure  with  expedition,  that 
was  not  (lowly  prepared.  And  this  humour  prevails,  not  only  in  making  the 
Handing  medicines  of  the  fhops,  but  even  extends  to  thofe  defign’d  for  extempo- 
raneous ufes  •,  and  perhaps,  for  acute  cafes  too.  Now,  were  a phyfician  to  wait 
till  thefe  remedies  were  made  upon  fuch  emergencies  j his  patients,  I fear,  wou’d, 
by  that  time,  have  little  occafion  for  them.  Befides,  this  tedioufnefs  in  the  pro- 
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C'efs  is  often  increafedby  the  unskilfulnefs  of  the  prefcriber.  ’Tis  frequent,  we 
fee,  in  chymical  writings,  to  fubmit  the  materials  of  the  medicine  to  luccefiive 
operations  *,  yet,  were  you  to  demand  a reafon  for  each  flep  taken  herein,  the 
operator  might  finifli  his  procefs  before  he  cou’d  give  you  a fatisfii&ory  anfwer. 

Nay,  thcfe  proceflfes  are  fometimes  fo  injudicioufly  lengthen’d  out,  that  the  opera- 
tions thwart  or  deftroy  each  other  *,  and  leave  the  medicine  in  a worfe  condition 
than  ’twas  found.  And  thus,  as  we  juft  obferv’d,  the  virtues  in  the  common  ma- 
gifteries  are  loft.  I lately  met  with  a notable  inftance  of  this  kind,  in  a famous 
modern  chymift  ; who,  to  purify  the  fix’d  fait  of  vegetables  to  its  height,  af- 
ter numberlefs  folutions,  filtrations,  and  coagulations,  orders  it  to  be  diflolved 
in  Aqua  for tis  \ whereupon,  fays  he,  it  will  become  very  pure  and  cryftalline, 
and  noteafily  diftblvable  in  the  air.  And  truly,  he  is  in  the  right ; for,  by  ad- 
ding Aquafortis  to  fome  vegetable  falts,  and  afterwards  exhaling  the  fuperfluous 
moifture,  I uled  to  make  good  inflammable  falt-petre.  See  with  what  judgment 
this  folution  was  order’d,  to  depurate  the  fait  the  farther  •,  and  how  fit  fuch  au- 
thors are  to  be  credited,  in  attributing  to  fuch  falts  the  improved  virtues  of  the 
refpe&ive  vegetables  that  yield  them  ! In  fome  cafes,  ’tis  true,  as  in  making 
active  and  powerful  menftrua,  exacft  depurations  are  necefiary;  but  in  many  other 
cafes,  fuch  as  fubtilization  of  a remedy,  which  often  renders  a procefs  incredibly 
tedious,  is  more  infignificant  than  chymifts  imagine  ; and  fometimes  proves  de- 
trimental, by  robbing  it  of  thofe  fine  parts  wheron  its  fpecific  virtue  depends. 

. . _ y-  Philofophy  may 

mical  operations  whereby  medicines  are  made  ; afarther  acquaintance  with  experi  -fuggeft  cheaper 


Again,  as  a cure  becomes  more  expenfive,  thro*  the  charge  of  the  feveral  chy-  Philofophy 
ical  operations  whereby  medicines  are  made  ; afarther  acquaintance  with  experi-7%^/  ' 
mental  philofophy,  may  fuggeft  cheaper  and  better  ways  of  performing  them, and 
. And  I queftion  not,  but  chymifts  may  be  inftru&ed  to ZTc'o* 
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make  better  furnaces  for  feveral  purpofes,  than  they  are  hitherto  pofiefs’d  of 
for  the  profefledartifts  among  them,  having  been  generally  ignorant  in  other  parts  admt. 
of  learning,  and  particularly  in  mechanics  •,  their  furnaces  and  utenfils  have  never 
been  contrived  to  the  beft  advantage  ; with  regargd  either  to  the  hufbanding  of 
their  fire  or  fewel,  or  the  intending  and  remitting  its  heat.  ’Tis  an  agreeable 
furprize,  to  fee  how  many  vefiels  may  be  duly  heated  by  one  fmall  fire,  when 
the  furnace  is  fo  contrived,  that  the  flame  may  pafs  thro’  various  windings  to  the 
vent.  And  as  to  the  intenfenefs  of  heat,  I have  feen  odd  effcfts  thereof,  with- 
out the  afliftance  of  bellows  in  a furnace  capable  of  receiving  but  few  coals ; for 
I fometimes  vitrify’d  even  crucibles  herein ; and  thought,  by  a fmall  alteration,  I 
cou’d  melt  its  fides  down.  But  a credible  perfon,  difciple  to  Cornelius  Drebell , 
cou’d  do  more  than  this.  He  allur’d  me,  he  had  a way  of  building  furnaces, 
wherein  he,  by  the  fingle  force  of  the  fire,  made  Venetian  talc  flow;  which  I con- 
fefs  myfelf  unable  to  do  by  the  fire  of  a glafs-houfe.  Experience,  however,  has 
allured  me,  ’tis  eafy  to  make  a furnace  give  heat  enough,  without  the  leaft  help 
of  bellows,  to  cupel  both  gold  and  fijver.  The  heat  in  furnaces  may  alfo  be 
better  regulated  than  at  prefent:  and  I look  upon  the  Ikill  of  intending  and  re- 
mitting hereof  atpleafure, and  particularly,  of  continuing  it  long  in  an  equable  de- 
gree, as  a thing  of  greater  moment,  both  to  phyfic  and  philofophy,  than  men 
feem  appriz’d  of.  With  lamp-furnaces,  well  order’d,  many  things  may  be  per- 
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form’d  in  imitation  of  nature  •,  and  feveral  of  my  friends  have,  by  means  hereof, 
brought  hen -eggs  to  manifefl  animation.  That  furnaces,  alfo,  may  be  fo  built, 
as  to  require  but  little  attendance,  appears  from  the  obvious  invention  of  athanors, 
or  tower-furnaces  ; wherein  the  fire  is,  for  many  hours,  fupplied  with  a fmall 
quantity  of  coals,  without  ever  burning  much  fafter  than  is  defign’d  : and  that 
the  labour  of  blowing  may  well  befpared,  and  the  annoyance  of  mineral  fumes, 
in  good  meafure,  avoided,  appears  from  thofe  furnaces  made  with  a pipe  to 
draw  the  air,  as  in  Glauber's  fourth  furnace,  or  otherwife.  I might  add,  that 
calling  the  materials  to  be  prepared  upon  live  coals,  as  Glauber  orders,  in  his  firft 
furnace,  is  fometimes  a cheap  and  expeditious  way  of  preparing  particular  mine- 
rals tho*  his  method,  of  making  fpirit  of  fait  in  that  furnace,  fail’d  both  with 
me  and  fome  of  my  acquaintance.  There  are,  alfo,  feveral  other  more  commodi- 
ous contrivances  of  committing  things  to  a naked  fire  ; fo  that,  upon  the  whole, 

I cannot  but  expetfl,  many  good  expedients  of  employing  fire  to  chymical  ufes, 
will  hereafter  be  found  *,  which  are  nor,  at  prefent,  fo  much  as  dreamt  of. 

And  not  only  furnaces,  but  the  vefifels  that  immediately  contain  the  materials 
' to  be  prepared,  are  doubtlefs,  capable  of  improvement.  Thofe  earthen  retorts, 
called  Glauber’s  fecond  furnaces,  if  made  of  good  matter,  may  be  render’d  ufeful. 
The  great  convenience  of  fealingglafies  hermetically,  and  of  glafs-flopples  for  bot- 
tles containing  corrofive  or  fubtile  liquors,  &c.  perfuade  me,  that,cou’d  we  prevail 
with  the  potters  and  glafs-men  to  make  their  refpedtive  vefifels  according  to  di- 
rection, many  things  in  chymiflry  might  be  made  better  and  cheaper  than  they 
now  are  *,  and  others  perform’d,  of  which  our  prefent  vefieJs  will  not  admit.  And 
as’tis  poflible  to  render  glafs  malleable,  if  that  relation  of  Pliny  and  Dion  Coffins, 
concerning  an  ingenious  man  who  was  put  to  death  for  it,  be  true  *,  fo,  now  chy- 
millry  is  improved,  cou’d  this  art  be  retriev’d,  ’twould  be  very  beneficial  to  man- 
kind *,  by  enabling  us  to  make  abundance  of  experiments  which  arenow  fcarce 
pradliable.  Such  an  attempt  mull  appear  the  more  promifingto  chymifls,  be- 
caufe  Raymond  Lully  exprefiy  fays,  46  it’s  one  of  the  principal  effeCts  of  the  philo- 
44  fopher’s  flone  to  make  glafs  malleable*.”  And  an  expert  chymifi,  not  cre- 
dulous, and,  in  a word,  very  well  worthy  of  credit,  aflur’d  me,  that  he  had  him- 
felf  feen  at  Mentz , in  the  hands  of  a gentleman  of  Switzerland , a piece  of  glafs, 
about  the  bignefs  of  a fhilling,  which  was  red  and  tranfparent,  like  glafs  of  anti- 
mony made  per  fe , and  which  the  owner  affirm’d  he  had  hammer’d  in  the  pre- 
fence of  the  eleClor  of  Heidelberg . But  the  Switz  gentleman  perceiving  the  other 
indifpos’d  to  believe  fo  flrange  a thing  *,  after  he  had  confefs’d  the  glafs  lo  have 
been  given  him  by  an  excellent  chymifi  in  his  country,  permitted  him  to  lay 
the  piece  upon  an  anvil,  and  to  flrike  feven  or  eight  flrokes  with  a ham  - 
mer upon  it  •,  by  which  means  he  found,  that  tho’  it  was  not  malleable  like 


* ’Tis  pretended,  that  the  expreflion  to  make 
glafs  malleable,  is  a contradiction  ; fince  to  be 
malleable,  it  mull  lofe  its  tranfparency  ; that  is, 
ceafe  to  be  glafs ; for  fay  fome,  how  can  its  parts 
■ retain  one  certain  order  under  the  hammer  ; 
which  alone  fits  it  to  tranfmit  the  rays  of  light  ? 


But,  perhaps,  this  favours  more  of  quibble  than 
of  argument,  to  chymical  philofophers  ; who 
confider  that  glafs  in  fufion,  or  in  powder,  is  ftill 
glafs : tho’  even  to  thefe,  I believe,  the  problem 
teems  almoft  defperate. 
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nealM  filver,  fince  it  began  tocrack  at  the  edges  like  filver  that  is  over-hammcr’d  ; 
yet  it  did  really  ftretch  under  the  hammer  •, growing  more  thin  on  the  beaten  part, 
and  having  vifible  marks  or  imprefTions  made  on  it  by  the  edge  of  the  hammer. 
But  as  to  my  own  opinion  about  fuch  a preparation,  and  the  uncommon  induce- 
ments I have  for  it,  I mud  be  here  excufed.  However,  as  ftrange  things  as  this, 
feem  to  be  performable. 

Relating  to  a judicious  perfon  what  aphyfician  of  Bruxe/s  affirm’d  to  me,  that 
he  himfelf  had  prepared  three  or  four  refufcitable  plants,  one  of  which  he  pre- 
fented  to  the  marquefs  of  Cafiel  Rodrigo , governor  of  the  Spanijh  Netherlands , 
where  this  gentleman  had  lately  been  ; he  told  me,  that  an  apothecary  of  Namur 
really  had  prepar’d  refufcitable  plants  in  a different  way  from  what  others  pretend 
to  i and  that  he  could  prepare  a great  variety  of  them.  And  many  of  thefe,  he 
affur’d  me,  he  had  feen  preferved  in  diftindl  glafs-bottles  *,  tho’  the  apparitions 
that  were  exhibited,  fhew’d  not  the  peculiar  colour,  only  the  ffiape  of  the  plant  v 
but  this  fo  well,  that  he  could  perfectly  diftinguifh,  and  eafily  know,  the  feve- 
ral  plants  ; inftancing  particularly  in  Carduus  benedifhts , and  camomile. 

And  the  difference  betwixt  this  way  of  exhibiting  plants,  and  that  mention’d 
by  Quercetan  •,  pretended  to,  alfo,  by  others  *,  I found  by  this  gentleman’s  anfwers, 
to  confift  chiefly  in  thefe  two  things:  thefirft,  that  the  apothecary’s  plants  did 
not,  as  the  others,  feem  to  grow  up  into  the  air  included  in  a feal’d  vial ; but 
were  feen  growing  in  a clear  liquor,  wherewith  the  bottle,  that  contain’d  it,  was 
almoft  BUM ; and  next,  that  tho*  to  make  the  apparition,  mention’d  by  9£uer- 
cetan , and  others,  the  application  of  an  acffual  heat  is  affirm’d  to  be  requifite, 
upon  the  abfence  of  which,  the  phantaftical  plant  relapfes  into  its  afhes  *,  in  the 
formation  of  the  apothecary’s  vegetables,  he  doth  not  employ  any  a&ual  heat, 
but  only  the  fhaking  of  the  bottle  *,  for  upon  that  agitation  the  prepar’d  afhes 
or  powder  being  rais’d  from  the  bottom,  and  difpers’d  quite  through  the  liquor  ; 
when  the  glafs  is  fet  by,  in  a quiet  place,  the  fcatter’d particles,  by  degrees,  unite 
together  fo  as  to  compofe  a model  of  the  plant  they  once  belong’d  to.  And 
heat  not  being  requifite  to  their  formation,  thefe  plants  do  not  quickly,  as  the 
Polonian  phyfician’s  phantaftic  vegetable,  recorded  by  Quercetart , fall  back  into 
a powder  •,  but  if  let  alone,  continue  till  the  preparer  thinks  Bt,  by  a gentle  a- 
gitation  of  the  bottle,  todiffolve  theloofe  contexture  *. 

An  ingenious  perfon,  very  worthy  of  credit,  inform’d  me  that  he  was  em- 
ploy’d, fome  years  ago,  by  a German  phyfician,  to  diflil  a certain  known  mine- 
ral, which  he  perform’d  in  a naked  fire,  withfogood  fuccefs,  that  he  had  from 
about  half  a pound  of  the  mineral,  near  three  drams  of  liquor  *,  which  he  in- 
cluded in  a glafs,  with  a bubble,  and  a (lender  neck,  like  a weather-glafs  i but 


* There  occur,  fays  M.  Romberg , many  pro- 
ductions in  chymiftry,  that,  in  fome  fort,  refem- 
ble  the  vegetation  of  plants  ; but  when  clofely 
confider’d,  they  prove  greatly  different  there- 
from. Thefe  productions  are  divided,  by  this 
author,  into  thofe  which  confift  of  a pure  mafiy 
metal,  without  any  other  mixture  ; thofe  which 
confift  of  a metal  difiolved  in  a mcnftruunv 


wherewith  it  remains  mixed  ♦;  and,  laftly, 
chofe  which  contain  nothing  metalline,  only 
fimple,  faline,  terreftrial  or  oily  fubflancee. 
Of  all  thefe  he  gives  feveral  examples ; with  the 
proceffes  to  make  them  ; and  the  Solutions  of  the 
phenomena  therein.  See  Memoir,  de  /'  Acadcm. 
A.  1710.  p.  556,-572. 
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tho’  the  liquor,  at  firft,  reach’d  not  above  the  bubble,  only  fill’d  it  to  the  bot- 
tom of  the  pipe  *,  yet  as  the  moon  increas’d,  this  liquor,  .as  the  doctor  expected, 
by  degrees  expanded  it  felf  in  the  glafs,  fo  that  about  the  full- moon,  it  reach’d 
an  inch  into  the  pipe,  and  upon  the  decreafe  of  the  moon,  it  fubfided  by  degrees 
to  the  bottom  of  the  pipe.  And  when  I ask’d,  whether  the  vefiel  were  careful- 
ly ftopt  ? he  anfwer’d,  that  it  was  not  only  fo,  but  hermetically  feal’d,  like 
one  of  my  thermometers  with  fpirit  of  wine  ; which  he  had  feen.  This  the 
relator  averr’d  to  me  upon  his  own  obfervation,  and  being  defir’d,  he  readily 
gave  me  a defcription  of  the  mineral,  and  a direction  where  to  procure  it ; add- 
ing,  that  the  fame  doctor  made  the  like  tryal  with  another  mineral,  a-kin  to 
this ; with  which  having  heard  that  fuch  a thing  had  been  perform’d,  gave  me 
occafion  to  propofe  the  queftion. 

Upon  afking  an  inquifitive  traveller,  who  lately  waited  on  a German  prince, 
addicted  to  chymiftry,  and  was  employ’d  by  him  in  his  private  laboratory,  fome 
queftions  about  the  ore  of  bifmuthor  tin-glafs,  whereof  there  is  faid  to  be  a mine 
in  that  prince’s  territories  ; and  in  particular,  whether  he  had  obferved  any  thing 
of  the  varying  bulk  of  a Arrange  liquor  obtainable  from  it  ; he  anfwer’d,  that 
he  had  made  many  tryals  upon  this  mineral,  and  that  particularly  by  his  prince’s 
command,  he  had  diftill’d  a confiderable  quantity  of  a certain  fort  of  it;  whereby 
he  obtain’d  a liquor,  which  being,  by  rectification,  freed  from  its  fuperfluous 
phlegm,  amounted  to  about  half  a pint.  This  liquor  was  put  into  a vial,  which 
it  almoft  half  fill’d.  This  vial  being  exadbly  ftop’d,  was  fet  afide  in  a quiet  place  ; 
where  (according  to  the  prince’s  expedbation)  as  the  light  of  the  moon  increas’d, 
from  the  new-moon,  towards  the  full ; this  liquor  gradually  fwell’d  very  ma- 
nifeftly  and  confiderably  ; fo  that  when  the  moon  was  in  the  full,  the  liquor  reach- 
ed almofb  to  the  top  of  the  glafs ; and  during  her  wane,  as  the  light  decreas’d,  fo 
did  the  bulk  of  the  liquor,  which  was  always  leafb  at  the  new-moon.  He  al- 
fo  readily  told  me  the  way  he  ufed  in  making  the  difbillation,  which  he  faid, 
required  an  intenfe  degree  of  fire. 

An  ingenious  phyfician  afiur’d  me,  that  at  a place  near  Amfterdam , there  liv’d 
a kind  of  a farmer,  reputed  very  curious ; who  fhew’d  him,  among  other 
things,  a confiderable  quantity  of  quick-filver  wholly  of  the  colour  of  gold  ; 
and  that  having  purpofely  (with  water)  divided  it  into  many  globules,  each  of 
them  retain’d  the  fame  rich  colour.  He  farther  told  me,  that  the  pofieflbr  of 
this  yellow  mercury,  having  put  fome  over  a fire  in  a convenient  vefifel,  it 
quickly  loft  its  fluidity,  and  was  precipitated  into  a red  powder. 

Another  very  learned  and  experienc’d  phyfician  afiur’d  me,  that  an  adept 
fhew’d  him  a running  mercury  of  a lovely  green  ; which  he  purpofely  throw’d  up- 
on a carpet,  and  found  the  globules,  whereinto  ’twas  by  this  means  divided,  to 
be  of  the  fame  fine  green  that  had.beautify’d  the  whole  mafs.  But  to  return. 
Several  bran-  Spirit  of  wine,  which  is  one  of  the  moft  chargeable  things  in  chymiftry,  re- 
Cftr  <lu^res’ m ^ie  ordinary  way,  much  time,  and  many  rectifications,  to  clear  it  of 

its  phlegm;  but  I have  feen  a vefiel,  made  of  tin  or  pewter,  invented  by  a 
chirurgeon,  at  Paris , that  wou’d  at  one  difbillation,  bring  it  over  from  wine  it- 
felf,  pure  and  moft  highly  rectified.  Nor  do  I queftion,  were  the  nature  of  fer- 
mentation 
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mentation  better  underflood,  but  inflammable  fpirits  might  be  obtain’d  from 
vegetable  fubflances  much  cheaper  than  wine  : for  not  only  cyder,  perry,  &c. 
but  grains,  alfo,  and  berries,  will  yield  it.  In  Barbadoes , they  make  their  Mob - 
by>  a kind  of  wine,  of  potatoes  : nay,  fuch  a liquor  is,  likewife,  obtainable 
from  fome  forts  of  leaves  ; and  I have  found  rofes,  well  fermented,  to  afford  a 
good  inflammable  fpirit.  And,  as  to  the  preparation  of  pure  fpirit  of  wine, 

I have  a way  that  exceedingly  leflfens  the  time  and  trouble  of  rectifying  it,  tho* 
without  any  particular  contrivance,  either  in  the  furnace,  or  glaffes. 

The  naturalifl,  we  hope,  may,  alfo,  teach  us  good  hufbandry  in  heating  our 
furnaces,  either  by  difcovering  new  combuflible  materials,  or  introducing 
fome  cheap  alterations  in  thofe  the  feveral  places  afford  ; fo  as  to  augment,  or 
render  the  heat  more  durable,  and  their  fcent  lefs  offenfive  •,  or  elfe  by  directing 
us  to  ways  of  performing  with  fire,  what  we  ufually  do  by  its  means.  In 
fome  countries,  as  here  in  England , where  charcoal,  alone,  was  formerly  burnt 
in  furnaces  j pit-coal  fupplies  its  place.  They  who  diftil  large  quantites  of.yf- 
qua  forlis,  do  it  with  coals  much  cheaper  than  thofe  of  wood  : and,  I find, 
that  the  fame  fewel  may  be  ufed  in  other  kinds  of  furnaces,  where  the  bars 
of  the  grate  are  let  wider  ; if  a little  charcoal  be  mixed  therewith  to  promote 
its  kindling. 

And  as  pit-coal,  of  late,  has  been  found  among  us,  where  it  was  before  un- 
known, fo,  ’tis  probable,  other  countries,  were  the  proper  fearches  made,  may, 
alfo,  afford  the  like.  But  the  fmoke  of  this  coal  being  very  offenfive,  and 
other  inconveniences  attending  its  ufe  ; a way  has  been  found  to  char  and  re- 
duce it  into  coherent  maffes,  of  a proper  lize.  5Tis  true,  it  is  fold  aim  oft  as 
dear  as  charcoal  j yet  thofe  who  confume  large  quantities,  find  it  near  twice  as 
cheap  ; becaufe  it  lafts  much  longer,  and  gives  a heat  far  more  intenfe  than  the 
other.  It  would,  therefore,  be  a very  ufeful  thing  in  chymiftry,  to  be  able  to 
char  coals,  without  the  ufe  of  thofe  pots  whereto  their  prefent  price  is  owing. 

And  that  this  were  eafy  to  do,  I fhould  directly  fhew,  would  it  not  prejudice 
the  induftrious  chymift,  whofe  invention  it  is.  In  Holland , likewife,  they  have 
a way  of  charring  peat,  a kind  of  turf,  which  might  ferve  for  fewel  in  chy- 
mical  operations ; nho*  the  manner  of  charring  be  not  yet  known  in  feveral  coun- 
tries, where  perhaps,  peat  might  be  found.  Nor  is  it  improbable,  that  fome 
places  might  afford  combuftible  materials,  which  have  hitherto  no  name  aflign’d 
them  by  minerologers.  I have  feen  a fort  of  coal,  part  whereof  look’d  like 
marcafites,  that  burnt  clear,  and  with  a good  flame,  to  whitifh  allies,  without 
Hopping  the  grate. 

But  as  we  improve  in  natural  philofophy,  ’tis  poflible,  ways  may  be  found 
to  excite  heat,  fufficient  for  many  chymical  proceffes,  without  the  afliftance  of 
common  fire,  or  fewel.  Confiderable  heat  is  producible  by  the  attrition  of 
hard  bodies,  as  iron  and  fteel.  And,  perhaps,  fuch  an  heat  might,  by  a 
cheap  contrivance,  as  of  a water  engine,  be  produced  in  iron  veffels  to  digeft 
with. 

This  I know,  that  from  fome  fucculent  plants  a liquor  may  be  drawn  by 
barely  expofing  them,  in  proper  glaffes,  to  the  rays  of  the  fun.  The  heat  of 

horfe- 
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horfe-dung,  which  chymifts  ufe  for  digeftion,  might  ferve  to  clidil  fome  Fer- 
mented liquors  ; at  lead,  when  augmented^ by  a fkilful  addition  of  quick-lime 
and  water.  Many  cheap  materials,  I doubt  not,  might,  upon  trial,  be  found 
to  make  portable  digefbing  furnaces,  without  fire,  clear  of  the  inconveniencies 
attending  the  ufe  of  horfe-dung.  For  not  to  mention  the  fpontaneous  heat  in 
malt,  and  other  forts  of  grain,  and  fermenting  berries,  I,  many  years  ago,  found 
that  by  furrounding  glaffes  with  refufe  hay,  wellpreifed,  and  uniformly  wetted, 
it  would  for  feveral  days,  afford  fuch  an  heat,  as  render’d  that  of  horfe-dung 
needlefs  : and  yet  the  greateft  quantity  of  hay,  that  I ever  employ’d  for  this 
purpofe,  was  too  little  to  take  fire  of  itfelf ; as  fometimes  happens  in  flacks  of 
it.  And  where  adlual  fire  is  required,  (kill  may  ieffen  the  occasions  of  it.  To 
make  fpirit  of  frefh  urine,  near  nine  parts  in  ten  are  generally  drawn  off  as 
phlegm,  before  the  volatile  part  begins  to  rife ; but  a knowledge  of  the  nature 
of  putrefaction,  will  fave  this  expence  of  fire:  for,  let  the  urine  fland,  well 
flopp’d  for  eight  or  ten  weeks,  and  the  fpirituous  parts  will  fo  difengage  them- 
felves,  that  the  gentleft  heat  willraife  them  firfl,  and  leave  the  phlegm  behind. 
And,  even,  from  frefh  undigefled  urine,  I can,  with  eafe  and  cheapnefs,  make 
a fubtile  fpirit  rife  with  a gentle  heat,  before  the  phlegm  *,  only  by  pouring  it 
upon  quick-lime,  juft  before  diftillation,  ’till  it  rife  a few  fingers  breadth 
.above  the  upper  furface  thereof. 

The  volatile  fait  of  urine  may  eafily  be  obtain’d  with  an  exceeding  fmall  de- 
gree of  heat,  barely  by  tempering  the  extraCl  of  urine  with  a convenient  quan- 
tity of  wood-afhes  •,  whereby  the  volatile  part  of  the  fait  of  urine  is  fo  freed 
from  the  groffer  lubftance,  that  it  will,  with  flrange  facility,  afcend  fine  and 
white  to  the  top  of  very  tall  glaffes. 

To  reClify  that  grand  menftruum,  fpirit  of  wine,  you  need  only  put  about  an 
inch  thick  of  tartar,  calcin’d  white,  and  very  dry,  in  the  bottom  of  a tall, 
flender  glafs  body,  and  pour  thereon  as  much  fpirit  of  wine,  once  reClified,  as 
will,  when  they  have  been  fliaken  together,  fwim  a finger’s  breadth  aboye  the 
tartar  •,  and  draw  off  the  fpirit  with  a gentle  heat.  This  method  faves  the  great 
expence,  both  of  the  time  and  charges,  required  in  the  common  way  of  ready- 
ing it  *,  for  even,  what  rifes  laft  here  will  burn  all  away,  yet  leave  only  a mere 
phlegm  behind,  after  diftillation  ; and  the  fame  calx  well  dry’d,  will  ferve 
more  than  once  in  this  operation.  And  even,  quick-lime,  or  fait  of  pot- 
afhes,  may  here  be  fubftituted  for  the  calx  of  tartar.  Yet  the  fimple  fpirit 
of  good  French  verdigreafe,  being  once  or  twice  drawn  from  as  much  fiit  of 
tartar,  as  it  can  diffolve  in  the  cold,  will  leave  the  fait  eafily  fufible  and  dif- 
folvable  in  highly  redlified  fpirit  of  wine. 

’Tis  farther  remarkable,  that  I have  gain’d  an  inflammable  fpirit  from  da- 
mafk  rofes,  by  beating  them  in  a mortar,  putting  them  into  a veffel,  with  a 
proper  quantity  of  water  and  ale-yeaft,  and  keeping  them  in  fermentation  for 
five  or  fix  days  *,  and  then  diftilling  a\\per  vejicam. 

T alfo  imagine,  that  menftrua  may  be  difeover’d,  capable  of  volatilizing,  or 
unlocking  the  more  grofs  and  fluggifh  bodies,  with  greater  eafe  than  ufual. 
There  is  a liquor,  ufed  by  chymifts,  with  which  I have  often  diftill’d  fpirit 
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of  nitre,  by  a gentle  heat  of  fand  ; and  believe  could  bring  ibme  over  with- 
out any  external  heat  at  all.  And  having  once  fuffer  d a certain  menftruum 
to  remain,  a very  little  while,  upon  crude  antimony,  I afterwards  abltradted  it 
by  a moderate  find-heat  ; when  the  liquor  brought  over  not  only  fome  of  the 
fubftancc,  in  form  of  red  flowers,  and  united  other  parts  thereof  to  itfelf,  but 
rais’d  feveral  little  tranfparent  mafles,  like  amber,  to  the  top  of  the  retort ; which 
were  inflammable,  and  both  fmelt  and  burnt  like  common  fulphur;  and  yet 
the  menftruum,  which  was  eafily  recoverable  from  the  antimony,  only  tailed, 
before  *twas  ufed,  fome  what  like  good  vinegar. 

But,  befides  the  feveral  thrifty  ways  already  mention’d,  others,  that  are  now 
unthought  of,  will,  I queftion  not,  by  human  induftry,  be  difeover’d.  The 
calcination  of  gold  and  filver  is  render’d  eafier  by  amalgamations  with  mercury, 
than  by  the  long  continued  violence  of  fire.  And  to  lay  no  flrefs  upon  the 
Alkaheft  of  Helmont  and  Paracelfus  ; I doubt  not  but  menftrua,  to  facilitate 
difficult  operations,  may  be  found  ; and  fuch  as  will  not  lofe  their  virtue,  like 
our  common  faline  fpirits,  by  being  but  once  ufed.  The  menftruum  I make 
by  barely  diftilling  good  verdigreafe,will  ferve  feveral  times  to  extrad  a tindture 
out  of  frefh  glafs  of  antimony. 

In  the  laft  place  ; a naturalift  may,  probably,  find  better  means  of  preferving^ 
chymical  medicines  than  we  now  know.  Clarified  juices  of  vegetables,  extra 
robs,  &V.  may  be  better  and  cheaper  preferv’d  than  by  fugar,  if  Helmont  faid  dienes.  * 
true,  that  he  was  mailer  of  fuch  an  art.  His  way  of  fuming  liquors  with 
fulphur,  is  a good  one  for  this  purpofe.  But  a friend  of  mine  has  a fecret  to 
preferve  the  fumigated  juices  of  plants,  with  furprizing  fuccefs  ; his  method  is 
to  add  thereto  a fmall  quantity  of  the  white  coagulum  made  by  the  pure  fpirits 
of  wine  and  urine. 

’Tis  tedious  thus  to  infill  upon  particulars;  I fhall  therefore  add,  in  the  Specifics  to  be 
general,  that  the  common  practice  of  chy mills,  is  no  rule  whereby  to  judge  0 flavour'd 
the  extent  of  the  natural  fkill,  and  mechanical  contrivances,  that  might  be  em-^1 
ploy’d  to  render,  remedies  more  cheap,  or  which  is  the  greateil  cheapnefs,  ef- 
fectual : for  of  all  methods  to  reduce  the  expence  of  a cure,  the  ufe  of  fpe- 
cifics  is  the  beil ; and  he  who  knows  the  true  caufes  and  feats  of  difeafes,  is 
enabled  to  difeover  fuch  grand  remedies,  as  bringing  immediate  relief  to  the  pa- 
tient, render  the  phyfician,  chirurgeon,  and  apothecary,  unneceffiiry.  Thus  the 
merchant,  formerly  mention’d,  was  reliev’d,  by  a fpecific,  from  the  "out ; one 
young  lady  cured  of  Hftulas,  by  millepedes  ; and  another  of  an  a 1 moil  heredi- 
tary epilepfy,  by  mifletoe  of  the  oak,  might  feverally,  in  the  ordinary  way, 
have,  in  vain,  bellow’d  an  hundred  times  the  money  thofe  powerful  medicines 
coll  them.  But  if  flight  medicines,  or  fingle  fimples,  may  fometimes,  per- 
form fuch  fpeedy  cures,  even  in  chronical  cafes;  what  may  not  be  expected 
from  the  grand  fecrets  of  art  and  nature ; when  the  bell  preparations  of  the 
noblelt  fimples  fhall  become  known  to  judicious  phyficians,  well  verfed  in  the 
theory  of  medicine,  and  the  hiftory  of  difeafes  ? Riverius  was  none  of  the 
greateil  naturalilts,  or  chymilts  ; yet  how  many  patients,  according  to  his  own 
L*  ^ account. 
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account,  did  his  fpecific  relieve  from  quartans,  which  might,  otherwife,  have 
prov’d  no  lefs  tedious  than  expenfive  ? 

*fbe  cwigar  But  farther,  the  great  variety  of  new  remedies,  to  be  found  in  the  fhops,  will 
chimijlry  wry  ftieW9  that  natural  philofophy  may  improve  the  pharmaceutical  preparations  of 
incomplete,  fimples.  I muft,  however,  declare  upon  a ferious  confideration,  that  the  chymi- 
cal  medicines,  which  occur  in  the  common  difpenfatories,  are  far  from  being 
the  belt  that  might  be  contriv’d.  The  vulgar  chymiftry  remains  very  incom- 
plete, and  affords  rather  a collection  of  loofe  experiments,  than  an  art  built  up- 
on folid  principles:  we  muft,  therefore,  expeCt  a farther  improvement  herein, 
before  the  nobleft  fort  of  chymical  remedies  become  common  ; or  confidera- 
ble  errors  in  feveral  preparations  be  avoided.  ’Tis  not  labour,  but  skill,  that 
produces  noble  medicines.  A few  pregnant  principles,  well  applied,  are  more 
ufeful  than  many  furnaces  and  glaftes*.  I never  knew  opium  fo  well  corrected 
by  aromatics,  and  the  tedious  operations  of  the  fire,  as  by  wine  and  fait  of 
tartar  : and  that  violent  emetic,  mercuriusvita , is  better  moderated,  in  its  eva- 
cuating quality,  by  continual  ftirring  it,  in  a flat  glazed  earthen  veflel,  over 
a fire,  ’till  it  emits  no  fumes,  and  turns  of  a grey  colour,  than  by  ever  fuch 
quantities  of  cordial  liquors  or  conferves.  And  this,  as  I am  credibly  inform’d, 
is  the  Mecurius  vita  purgans , fo  frequently  mention’d  by  Riverius.  And  tho* 
quick-filver  and  antimony  are  by  the  fafe  practitioners,  efteem’d  too  churlifh 
to  be  meddled  with  Angle  ; they  may,  together,  be  fublimed  into  a cinnabar  ; 
which  being  alone,  fix  or  feven  times  refublimed,  becomes  a fafe  and  excel- 
lent alterative.  I once  knew  a particular  flight  preparation  of  fait  of  tartar, 
correCt  fuch  poifons,  as,  1 am  confident,  ten  times  the  quantity  of  the  moft 
powerful  vulgar  antidotes,  would  not  tame.  The  fame  fait,  duly  managed,  with- 
out proving  either  emetic  or  cathartic,  has  been  found  more  effectual,  in  many 
ftubborn  cafes,  than  Crocus  metallorum , Mercurius  vita , or  fuch  defperate  re- 
medies. ’Tis  a more  remarkable  inftance,  to  our  purpofe,  that  chymifts  and  phy- 
ficians  have  not  been  able,  with  all  their  art,  to  deprive  glafs  of  antimony  of 
its  emetic  quality  *,  yet,  this  may  eafily  be  done,  only  by  digefting  it  with 
pure  fpirit  of  vinegar,  ’till  the  menftruum  be  highly  tinged.  And  if  you  gent- 
ly abftraCt  that  liquor,  and  digeft  well  reCtify’d  fpirit  of  wine  upon  the  remain- 
ing red  or  yellow  powder,  you  will  obtain  an  excellent  tinClure  againft  feveral 
difeafes  j which,  tho’  Bafil  Valentine  prefcribes  only  in  a dofe  of  five  or  fix 
drops  *,  yet  a domeftic  of  mine,  out  of  curiofity,  took  thirty  drops  at  once, 
without  finding  it  emetic.  And  I would  here  have  it  particularly  remark’d, 
that  by  bare  repeated  digeftions  and  fermentations, falineandfulphureouseffences, 
exceedingly  fmall  in  bulk,  and  durable,  may  be  prepared  from  many  vegetables. 
Some  of  thefe  I have  kept  above  three  years,  and  they  ftill  retain  more  of  their 


★ That  the  obvious  chymical  operations  may 
perform  much  more  than  is  ufually  expe&ed 
from  them.  Dr.  Langelot  proves,  by  feveral  ex- 
amples ; as  the  rendering  of  fait  of  tartar  vo- 
latile, and  diffolving  coral  into  a red  mucilage, 


by  digeflion  ; rendering  gold  volatile,  and  gain- 
ing a genuine  mercury  from  antimony,  by  means 
of  trituration,  tsV,  See  Philofophical  Tranfaclions, 
N°.  87.  p.  5052* 
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refpe&ive  plants  than  the  vulgar  waters,  fpirits,  extra&s,  or  falts  hitherto  ex- 
tant in  the  fhops. 

And,  if  we  may  believe  the  ingenious  chymift  to  the  French  king,  afingle 
herb,  by  pure  fkill,  without  the  affiftance  of  fire,  may  afford  a nobler  medicine, 
than  any  of  the  elaborate  compounds,  to  be  met  with  among  vulgar  chymifts. 
This  efficacious  part  of  a plant,  Paracelfus  calls  its  Ens  primum , whofe  procefs, 
for  obtaining  whereof,  I ffiould  never  have  thought  worth  trying,  but  for 
what  the  experienced  chymift,  above  mention’d,  told  me  from  his  own  obfer- 
vations : for  he,  as  well  as  Paracelfus , afcribes  a renovating  power  to  the  Enspri - 
mum  of  baulm  ; and  affur’d  me,  in  the  prefence  of  a famous  phyfician,  to  whom 
he  appeal’d  for  the  truth  of  his  relation,  that  an  intimate  friend  of  his,  being 
poflefs’dof  this  preparation,  made  trial  thereof,  upon  himfelf,  by  taking  a fmall 
quantity  every  morning,  in  wine,  for  a fortnight  ; long  before  the  end  of  which 
he  found  the  nails  of  his  fingers  and  toes  to  loofen  *,  which,  at  length,  falling 
off,  infenfibly,  he  proceeded  no  farther  * being  fatisfied  with  thefe  tokens  which 
he  referv’d  as  a rarity.  But  upon  giving  the  fame  medicine,  for  ten  or  twelve 
days,  to  a woman,  about  feventy  years  of  age,  without  acquainting  her  with 
what  he  expedled  therefrom  ; it  brought  her  menfes  down  upon  her  again  fo 
frefh,  as  to  frighten  her,  and  flop  the  profecution  of  the  experiment.  He 
added,  that  he,  alfo,  gave  fome  drops  of  it  to  an  old  hen,  for  a week  *,  and  a- 
bout  the  fixth  day  after,  fhe  began  to  moult,  and  continued  fo  gradually,  ’till 
all  her  feathers  dropp’d  off ; but  regain’d  new  ones  in  a fortnight.  My  au- 
thor, alfo,  acknowledg’d,  he  had  obferved  extraordinary  virtues  in  the  Ens  pri* 
mum  of  the  greater  Scrophularia . 

His  method  was  to  collect  the  plant,  at  a convenient  feafon  of  the  year, 
and  proper  time  of  the  day,  to  beat  it  well  in  a ftone  mortar,  and  place  it  in 
a bolt-head,  and  to  digeft  it  for  40  days  in  a dung-hill  ; after  which  he  opens 
the  veffel,  feparates  the  groffer  parts  of  the  liquor,  and  digefts  it  in  a gentle 
bath,  that  the  remaining  groffnefs  may  fubfide  ; then  filtering  the  juice,  he  adds 
to  it  the  fixed  fait  of  the  groffer  parts,  abovemention’d,  dry’d,  and  calcin’d.  To 
this  prepared  liquor,  he  farther  puts  the  liquor  of  good  fea-falt  purify’d,  melted, 
and  fuffer’d  to  run  per  deliquium . Then  the  whole,  feal’d  up  in  a convenient 
glafs,  is  expofed  to  the  fun,  for  about  fix  weeks;  after  which  there  fwims 
on  the  top  of  it  the  Ens  primum  of  the  plant,  in  a liquid  form,  tranfparent, 
and  either  green  or  red,  or,  perhaps,  of  fome  other  colour,  as  the  nature 
of  the  vegetable  determines. 

Helmont , alfo,  has  a way,  which  he  calls  Via  media , very  different  from  the 
vulgar  one,  of  preparing  Elixir  pr  opr  ietatis^  whereto  he  attributes  prodigious 
effefts  : fome,  indeed,  think  this  method  fraudulent  ; but  with  care,  I have 
made  it  fucceed.  And  the  medicine,  itfelf,  is  given  with  great  fuccefs,  in  dif- 
ficult cafes,  by  phyficians  of  my  acquaintance. 

And  here  I cannot  but  obferve,  from  confidering  the  various  alterations  which 
chymiftry  brings  upon  natural  bodies ; and  the  many  new  properties  it,  there- 
in, occafions,  that  if  we  want  not  curiofity  and  induftry,  there  muft,  hence, 
necefiarily,  arife  fuch  a fet  of  a&ive  and  powerful  medicines,  as  it  were  vain 
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to  hope  for  in  apothecaries  fhops  ; and,  confequently,  without  any  great  dif~ 
coveries,  or  farther  improvement  of  principles,  chymifts,  fuch  as  they  now  are, 
may  greatly  add  to  the  pharmaceutical  part  of  phylic.  Bat  if  the  operations 
of  chymiftry  were  ftridtly  examin’d,  and*  thoroughly  underflood,  there’s  no 
queflion  but,  by  a fkilful  application,  and,  efpecially,  by  a rational  and  orderly 
ieries  thereof,  many  grand  remedies  are  difcoverable.  Experience  has  inform’d 
me  of  a way,  without  any  foreign  matter,  or  violent  heat,  to  reduce  folid  a- 
The fearch  af'  nimal  fubftances,  almoft  wholly  into  a liquor,  which,  by  a gentle  fire,  affords 
Ur  Porwerful  its  fpirituous  and  faline  part  before  the  phlegm.  This,  I would,  in  a particular 
"commended™  manner,  inculcate,  that  were  we  poffefs’d  of  a few  fafe,  general,  recoverable, 
and  powerful  menflrua,  ’tis  not  to  be  known,  what  might  be  done  in  chy~ 
miflry  : fuch,  therefore,  as  would  advance  chymiftry,  medicine,  or  natural 
philofophy,  would  do  well  to  turn  their  inquiries  this  way. 

An  ordinary  gold-fmith  can  now,  with  Aqua  for  tis , make  many  ufeful  ex- 
periments upon  filver  and  gold,  which  none  of  the  fame  trade,  who  liv’d  be- 
fore the  difcovery  of  that  menftruum,  were  able  to  do..  No  wonder  therefore, 
that  Helmout  advifes  his  readers  to  learn  the  volatilization  of  fait  of  tartar  * 
the  fpirit  whereof,  he  fays,  not  only  diffolves  crabs-eyes,  filver,  quick- filver, 
but  cures  many  difeafes.  And  by  the  concurrent  teftimonies  of  judicious  chy- 
mifts,  this  fait  is  worth  labouring  to  obtain  ; tho’’ their  attempts  have  all  fallen 
fhortof  it.  Notwithstanding  this,  I cannot  think  the  thing  impoffible  ; for  Ir 
more  than  once,  with  eafe,  render’d,  even,  gold  itfelf,  volatile,  and  exhalable, 
in  time,  by  a vehement  fire  ; and  have,  from  crude  tartar,  mix’d  with  two  or 
three  mineral  bodies,  obtain’d  a large  quantity  of  true  volatile  fait ; which  I 
fufpedt  came  from  the  tartar,  tho’  I muft  own,  it  was  rather  a volatile  of 
tartar,  than  alkali  of  tartar  made  volatile*.  This  fhews,  however,  that  tartar, 
by  an  unufual  management,  will  yield  an  uncommon  fait.  Befides,  an  ingenious 
acquaintance  of  mine,  whom,  notwithftanding  my  great  diftruft  of  chymifts, 
I durft  credit,  affirm’d  to  me,  that  he  had  feen  a real  volatile  fait  of  tartar ; 
wherewith  fuch  ftrange  things  were  done,  that  he  believ’d  moft  of  what  Hel - 
wont  deliver’d  concerning  it.  And,  I am  inclined  to  think,  this  fait  may  be 
made  by  more  ways  than  one  ; tho’  a good  method  to  volatilize  it  feems  to  be 
by  fpirit  of  wine  \ the  difficulty  wherein  is  to  make  them  aftociate.  Now  I 
have  my  felf,  brought  fait  of  tartar  to  flow  readily  upon  a hot  iron  ^ to  take 
fire,  to  flame,  and  when  fmartly  dry’d,  to  diftolve  in  highly  redtify’d  fpirit 
of  wine. 

And,  tho’  many  learned  men  are  pleas’d  to  determine  what  can,  and  what 
cannot,  be  obtain’d  in  chymiftry  *,  no  one  fhould  be,  thereby,  difcouraged 
from  fearching  after  thefe  noble  menftrua.  To  my  knowledge  there  is  now 
in  being  a kind  of  menftruum,  of  a pure  cryftalline  fubftance  made  by  fire. 


* That  judicious  chymift,  M.  Homberg , has 
difcover’d  a way  of  volatilizing  all  manner  of 
fixed  falts.  This  he  teaches  by  an  example  in 
his  procefs,  for  making  his  volatile  narcotic 


fait  of  vitriol,  from  the  Caput  mortuum , after 
the  oil  is  diftill’d  off.  See  Memoir,  de  I'Aca* 
dem . A>  yj 02.  p.  66. 
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as  truly  faline  as  fait  of  tartar  •,  which,  tho’  well  purified,  perfectly  volatile, 
and  eafily  foluble  in  rectified  fpirit  of  wine,  as  well  as  common  water,  and 
with  either  reducible  to  a noble  menftruum,  is  yet  actually  fweet  to  the  tafte. 

And,  notwithflanding  the  vulgar  faline  menftrua,  have  adtions  contrary  to  each 
other,  fo  that  what  an  acid  one  diffolves,  an  alkaline,  or  urinous  one,  precipi- 
tates i I have  found,  that  a red  tindture  of  glafs  of  antimony,  drawn  with  a 
menftruum  much  lower  than  the  former,  could  not  be  precipitated,  either  with 
fpirit  of  urine,  or  an  alkaline  folution.  Nay  more,  it  readily  mixed,  both  with 
thefe,  and  ftrong  acid  volatile  fpirits, without  the  leaft  ebullition,  or  vifible  effedt. 

We  took  feveral  ounces  of  highly  redtify’d  fpirit  of  fermented  urine  made  per  7^  0j> 

fe,  and  pour’d  it  upon  as  much  new  filings  of  fteel,  as,  we  gueft,  would,  at  leaft,  Jleel  open'd  in 
fufRce  to  fatiate  it  fully.  Thefe  we  put  in  a moderately  warm  place,  where  an  extraordi- 
the  menftruum  wrought  on  the  metal  for  feveral  hours  together,  and  diffolved  a ^“^mon 
confiderable  part  of  it.  This  folution  we  fet  to  filter,  and  found  it  of  a tafte  ner, 
confiderably  ftrong,  but  very  different  from  any  of  the  chalybeate  preparations, 
we  had  feen  made  with  acids.  The  liquor  being  kept  in  a ftopt  vial,  for 
fome  days,  near  a window,  did,  in  the  cold,  let  fall,  by  degrees,  a confiderable 
quantity  of  powder,  of  a deep  green  colour,  tho*  the  liquor  itfelf  was  not  of  that 
colour  *,  however,  the  fuperficial  part  of  what  remain’d  in  the  filtre,  did,  alfo, 
in  the  air,  turn  green.  But  tho’  our  folution,  pour’d  off  from  the  fubfided  pow- 
der, was  warily  and  (lowly  evaporated,  we  did  not  find  it  would  well  cryftallize. 

What  ufe  maybe  made,  inphyfic,  of  preparations  of  this  kind,  I leave  thofe  of 
the  profeffion  to  judge. 

To  render  fteel  volatile  by  a menftruum,  not  fo  corrofive  or  dangerous  to 
the  body,  as  oil  of  vitriol,  or  fpirit  of  nitre  5 I pitch’d  upon  good  fpirit  of 
fea-falt,  and  in  feveral  ounces  of  this  liquor,  diffolved,  as  much  as  we  eafily 
could,  of  choice  filings  of  fine  fteel  *,  and  having  filter’d  the  green  folution,  we 
very  flowly  evaporated  it  in  a glafs  veffel,  and  took  fuch  care  not  to  fpoil  the 
matter,  that  we  had  plenty  of  fine  green  cryftals  ; moft  of  which  we  put  in- 
to a fmall  ftrong  retort,  and,  by  degrees*  of  fire,  and  a ftrong  one,  at  the  laft  ; 
we  obtain’d  many  ounces  of  a liquor  that  came  over  in  white  fumes,  like  mifts 
driven  by  the  wind,  and  afforded  afulphureous  fmell.  This  liquor  we  redlify’d, 
and  had  a yellow  ponderous  fpirit,  that  feem’d  much  nearer  allied  to  the  fpirit 
of  fea-falt  than  to  the  common  oil  of  vitriol  * efpecially,  fince  being  mixt 
with  jfqua  fortisy  it  would,  like  fpirit  of  fait,  make  it,  even  without  heat,  dif- 
folve  leaf-gold. 

But  having  put  into  a little  of  it,  already  made  yellow,  by  diffolving  leaf- 
gold,  a very  thin  plate  of  gold,  the  menftruum  made  it  look  all  over  white,  al- 
moft  like  filver  ; which  feern’d  to  argue,  that  this  vitriolate  liquor  differ’d  from 
common  fpirit  of fait. 

But  the  dry  part,  elevated  by  the  force  of  the  fire,  we  found  to  be  dif- 
tinguifhable  by  its  fituation,  and  more  durable  accidents,  into  three  kinds  of 
fubftance  ; whereof  one  was  almoft  like  a powder,  which,  after  touching  the 
air,  did,  in  a while,  come  to  be  of  a yellow  colour,  almoft  like  fulphur  \ but 
it  was  not,  indeed,  truly  combuftible  fulphur.  The  other  fubftance  confided 
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of  larger  parts,  and  was  of  a deep  colour,  between  red  and  brown.  But  the 
third,  which  feem’d  the  largeft  of  all,  was  made  up  of  fine  parts,  bigger  than 
the  former,  of  a deep  reddifh  colour,  and  adorn’d  with  a fine  glofs,  like  that 
of  fcales  of  fifties.  The  Caput  mortuum  was  of  a furprizing  texture  ; for  a great 
part  of  it  appear’d  to  be  turn’d  into  a talky  fubftance,  confiding  of  very  thin 
broad  plates,  fmooth  and  gloffy,  lying  upon,  and  againft  one  another,  like 
thofe  that  make  up  Mufcovy  glafs,  when  the  pieces  are  more  thick  than 
large. 

Gold  debafed  Weighing  two  drams  of  gold,  I caufed  it  to  be  cupelled  with  a fufHcient 
by  anti -elixir,  quantity  of  lead,  and  quarter’d  with  refined  filver,  and  purged  Aquafortist 
then  having  brought  the  gold  to  fulion,  in  a new  crucible,  carefully  nealed, 
with  the  help  of  any  addition  •,  I put  to  .it  a fmall  quantity  of  a powder,  com- 
municated to  me  by  a ftranger  ; and  continuing  the  metal  a quarter  of  an  hour 
in  the  fire,  that  the  powder  might  diffufe  itlelf  through  it  ; we  pour’d  the 
metal  into  another  crucible,  gradually  heated  before  to  prevent  cracking ; 
where  it  was  obferv’d,  at  the  firft,  to  look  like  pure  gold  *,  and,  afterwards, 
like  an  opal,  for  fome  time  *,  yet,  when  cold,  it  appear’d  to  be  a lump  of  me- 
tal of  a dirty  colour,  and,  as  it  were,  over-caft  with  a thin  coat,  almoft  like 
half  vitrified  litharge.  To  one  fide  of  the  crucible  a piece  of  metal  ftuck,  almoft 
like  filver  ; and  the  bottom  was  over-laid  with  a vitrified  fubftance,  one  part  of 
which  was  tranfparent  yellow,  and  the  other  of  a deep  brown,  inclining 
to  red  in  which  were  five  or  fix  little  globules,  that  look’d  like  impure 
filver.  Having  rubbed  this  metal  upon  a touch-ftone,  between  gold  and 
filver,  the  mark  it  left  was  more  like  filver  than  gold.  *Twas  brittle,  and 
being  knock’d  with  a hammer,  it  flew  into  feveral  pieces.  The  infide  refem- 
bled  bell- metal  more  than  gold  or  lilver.  A dram  of  it,  with  about  fix  times 
its  weight  of  lead,  being  put  upon  a well-nealed  cupel,  emitted,  fumes,  plenti- 
fully, for  an  hour  and  a half  *,  and  when  the  operation  was  ended,  we  found 
the  cupel  fmooth,  intire,  and  tinged  with  a fine  purplifti  red  ; and,  befides 
the  refin’d  gold,  there  lay  upon  the  cupel  fome  dark  colour’d  recrements, 
which  we  judged  to  be  bafe  metal,  but  not  lead.  The  gold  being  weigh’d  again, 
had  loft  feven  gnins  in  weight,  which  was  made  up  by  the  recrement, 
whofe  weight  and  fixity  were  furprizing. 

The  dirty  coloured  metal,  being  hydroftatically  weigh’d,  inftead  of  proving 
nineteen  times  as  heavy  as  an  equal  bulk  of  water,  it’s  proportion  was  but  as 
fifteen,  and  two  thirds  to  one *,  whence  it  appear’d  that  the  gold  was  really  de- 
bafed, fince  it  loft,  confiderably,  of  its  fpecific  gravity,  an  effential  pro- 
perty. 

From  hence  it  appears,  that  an  operation,  almoft  as  ftrange  as  that  called  pro- 
jedlion,  may  fafely  be  admitted  ; fince  this  experiment  fhews,  that  gold,  which 
is  fo  homogeneous,  and  the  Jeaft  mutable  of  metals,  may,  in  a fhort  time,  be 
exceedingly  changed,  as  to  malleablenefs, colour,  homogeneity,  and  fpecific  gra- 
vity,  by  fo  fmall  a portion  of  matter,  that  this  powder  tranfmuted  a thoufand 
times  its  weight  of  gold. 
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I now  proceed  tofhew,  that  chymiftry  and  philofophy,  as  they  fupply  us  with  *n>*t  chymiftry 
medicines;  fo  they  may  a’ fo greatly  improve  the  methodus  medendi itfelf.  Medicine af:ei Pfnlof0Ph 
is  fo  difficult,  and  fo  many  things  are  neceffary  to  a complete  fkill  therein,  that  ’tis^mefhodu s 
no  fcandal  tophyficians  to  fuppofe  it  improveable.  Hippocrates , fays  Paracclfus>  medendi. 
juftly  complains  of  the  fhortnefs  of  life,  and  the  tedioufnefs  of  his  art-,  and  Cel - 
fus  fcruples  not  to  call  phyfic  a conjectural  art.  No  wonder  it  ffiould  be  hard  to 
acquire,  when  the  two  great  inftruments  of  difcovery  in  all  arts,  judgment  and 
experience,  are  here,  according  to  Hippocrates , difficult  and  dangerous.  Many 
others,  alfo  declare,  that  the  difficulties,  of  becoming  a good  phyfician,  are  al- 
moft  infuperable.  ’Twill  therefore,  be  the  lefs  furprizing,  if  we  attemptan  innova- 
tion in  the  curative  part  thereof ; efpecially,  fince  I have  obferv’d  the  method  of 
the  belt  reputed  phyficians,  in  England , to  be  repugnant  to  each  other.  It  certain- 
ly deferves  an  impartial  enquiry,  whether  thenewdifcoveries  made  in  anatomy  and 
the  doCtrine  of  difeafes,  ought  not  to  alter  and  correCt  the  old  methodus  medendi. 

Be  this  as  it  will,  the  uncommon  efficacies  of  fome  new  remedies  may  ffiorten 
the  cures  of  difeafes,  by  anfwering  many  intentions  at  once.  Thus  the  fimple, 

I formerly  mention’d,  cured  the  kingVevil,  without  any  other  affiftance  j and 
thus  phlebotomy  is  a remedy  for  the  pleurify  : tho’  we  have  known  it  cured, 
even  in  young  perfons,  by  chymical  medicines  alone.  The  rickets,  fuppofed  a 
new,  and  almoft  incurable  difeafe,  now  commonly  yields  to  Ens  Veneris ; tho’  its 
operation  be  fcarce  fenfible  ; bating,  that  at  firft  it  often  proves  diaphoretic.  This 
gentle. property,  methinks,  might  lead  phyficians  to  consider,  whether  they  cou’d 
not  frequently  relieve  their  patients,  without  thofe  large  and  troublefom  evacua- 
tions they  ufually  prefcribe.  For,  the  peccant  matter  is  commonly  fmall  in  quan- 
tity, and  might,  were  we  matters  of  fpecific  remedies,  be  either  breath’d  out  by 
infenfible  perfpiration,  or  carried  off  by  fweat  or  urine  without  caufing  farther 
uneafinefs  to  the  patient.  Great  cures  may  be  perform’d  by  bare  external  ap- 
plications. Learned  men  affure  us  of  the  efficacy  of  the  Lapis nephr i t icus  againft 
the  ftone,  being  bound  upon  the  writts  ; and  not  only  Boetius  de  Boot  highly 
prizes  it,  but  the  famous  Monardes , declares  he  has  feen  its  great  effects  upon 
perfons  of  quality  ; which  yet  fall  fhort  of  what  the  learned  Untzerus  tells  us 
about  it.  We  mutt  own,  however,  that  fome  ftones,  which  go  under  this  name, 
have  been  unfuccefsfully  applied  in  nephritic  cafes  : but  it  feems,  that  many  of 
them,  tho’  not  fophifticated,  want  this  virtue,  and  are  fcarce, otherwife  than  by 
trial,  diftinguiffiable  from  thofe  of  the  good  fort,  which  are  ufually  greenifh. 

Garcias  ah  Orta  mentions  a ftone  found  in  Balagat , called  Alaqueca , that  wou’d 
immediately  ftop  any  hemorrhage  : and  Monardes  relates  great  virtues  of  another, 
againft  hyfterical  diforders.  He  alfo  tells  us,  upon  his  own  knowledge,  of  a blood  - 
ftone,  found  in  New-Spain , that  wou’d  even  ftop  the  menfes,  by  being  worn  in 
a ring  ; and  Bontius  fays  of  the  Lapis  porcinus , that  it  will  caufe  abortion,  and 
bring  .down  the  menfes,  by  being  held  in  the  hand.  Helmont  affirms  he  cou’d 
prepare  a metal,  whereof  a ring  being  made,  and  worn,  wou’d  give  inftant  re- 
lief  in  the  hemorrhoids,  and  abfolutely  cure  them  in  four  and  twenty  hours. 

He  likewife  commends  it  in  fuffocations  of  the  uterus,  &V.  And  if  we  may 
believe  Paracelfus , he  had  a ring  of  ftill  more  furprizing  virtue.  But  to  come 

to 
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to  other  external  remedies,  Fabritius  ab  Aquapendente  allures  us,  he  cured  a fchir- 
rous  fpleen,  and  the  dropfiy,  by  a continued  ufe  of  fponges  dipp’d  in  common 
lime-water  ; and  placed  near  the  part  affedted.  Add  to  this,  the  ft  range  cures 
related  by  Kircher , the  like  whereto  have  been  confirm’d  to  me  by  eye-witneftes 
thereof,  concerning  the  cave  near  Rome , wherein  the  patients  being  expofed 
naked,  'and  thrown  into  a fv/eat,  either  thro’  fear,  or  the  fulphureous  vapours  of 
the  place  ; are  licked  well  by  the  ferpents  of  the  grotta.  And  do  we  not  often  fee 
agues  cured  by  amulets,  and  pericarpia  ? I my  felf,  after  the  ufual  remedies  had 
proved  ineffectual,  was  cured  of  a violent  quotidian,  by  applying  to  my  wrifts 
a pa  fie  made  only  of  bay -fait,  new  hops,  and  blue-currants;  which  has,  alfo, 
reliev’d  many  others  both  of  quotidians  and  tertians  ; and  done  good  fervice  in 
continual  fevers. 

That  extimal  I cannot  help  wi  thing,  that  phyficians had  been  more  curious,  in  trying  the  effects 
remedies fbou  d of  external  applications  *,  for  the  fubtile  effluvia  of  fome  bodies  feem,by  this  means, 
be  farther  tn- t0  infinuate  themfelves,  without  alteration,  into  the  mafs  of  blood ; and  to  have  the 
lame  virtues  as  the  body  itfelf  internally  ufed.  Thus  it  happens  in  fome  prepa- 
rations of  fulphur;  but  more  manifeftly  in  cantharides  and  quick-filver,  I was 
lately  told,  that  by  waffling  a child’s  fcabby  head  with  a decodtion  of  tobacco, 
he  was  intoxicated,  and  made  fick  ; and  that  cathartics,  externally  applied,  will 
operate.  There  are  other  medicines,  which,  before  they  get  into  the  blood,  re- 
ceive great  alterations  from  the  ftomach,  (Ac.  and  may  therefore  have  different 
effedts,  when  externally  applied.  Thus  it  happens  in  the  juft  mention’d  inftance, 
tho*  neither  the  hops,  bay-falt,  or  currants,  taken  inwardly,  are  noted  for  any 
febrifugal  virtue.  So  likewife  turpentine  and  foot  are  internally  prefcribed  in  ne- 
phritic and  pleuritic  cafes;  but  externally,  in  pericarpia,  againft  agues  : and  yar- 
row, befides  its  other  virtues,  being  worn  in  a bag,  on  the  pit  of  the  ftomach, 
was  the  grand  fecret  of  a curious  nobleman,  in  the  fame  diftemper.  A very 
famous  phyfician,  alfo,  allured  me  he  had  ufed  it  in  the  like  cafes,  with  ftrange 
fuccefs.  The  chilblains,  when  they  come  to  break,  have  been  often  cured  by 
barely  flrewing  thereon  powder  of  dried  quinces.  And  who  knows  what  effedts 
other  bodies,  outwardly  ufed,  may  produce,  were  experiments  properly  made  to 
difcover  them  ? The  internal  operations  of  fome  things,  are  diredtly  contrary  to 
their  external.  Spirit  of  wine,  applied  outwardly,  allays  inflammations  on  the  fur- 
face  of  the  body  ; which  if  it  were  drank,  wou’d  inflame  ; and  the  poifonous  juice 
of  the  root  mandihoca,  Pifo  tells  us,  is  good  for  fore  eyes.  Befides,  were  the 
fimples,  defign’d  for  external  application,  fkilfully  prepared,  it  might  greatly  im- 
prove their  operations.  Vitriol,  which  is  copper,  or  iron,  corroded  and  fix’d 
by  acid  falts,  has  virtues  not  to  be  found  in  thofe  metals  when  crude.  Gold 
diflolved  in  Aqua  regis,  and  precipitated  by  oil  of  tartar,  is,  taken  at  the  mouth, 
a gentle  purgative  ; but  the  fame  preparation,  calcined  with  flowers  of  fulphur, 
becomes  diaphoretic.  And  tho’  the  external  virtues  of  this  medicine  be  not  .much 
commended,  ’tis  probable  they  are  very  great, and  different  from  thofe  it  has  when 
ufed  internally.  I knew  a perfon  greatly  afflidted  with  ulcerated  hemorrhoids, 
who  applied  thereto  an  ointment,  that  chiefly  confifted  of  this  Aurum  fulminans  ; 
and  tho’  at  firfx  it  occafion’d  exceflive  pain  ; that  foon  abated,  the  hemorrhoids 
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clofed  the  day  after,  and  totally  difappear’d  on  the  following-,  nor  has  he  now, 
lor  feveral  years,  had  any  relapfe.  Thephyfician,  who  accidentally  diredled  this, 
allured  me,  he  had  found  ftrange  eftedts  therefrom  in  venereal  ulcers.  The 
phlegm  of  vitriol,  and  SaccharumSaturniy which, given  internally,  are  faidtocool 
the  blood-,  and  externally  applied,  to  cure  burns  and  inflammatory  tumors,  do 
both,  neverthelefs,  difcufs  cold  fwellings. 

A famous  chymical  writeraflured  me,  his  child  was  foftrangely  and  defperately 
affedled,  that  he  concluded  him  bewitched  ; but  upon  fufpending  the  Elettrum 
minerale  immaturumParacelfi  about  the  child’s  neck,  fo  as  to  touch  the  pit  of  his 
ftomach,  he  immediately  went  to  reft,  which  he  had  not  done  for  many  days 
before  ; and,  waking,  cried  for  the  breaft,  and,  from  that  time,  fuddenly  and  fur- 
prizingly  recovered.  I am  not  forward  to  credit  relations  about  witchcraft ; but 
let  what  will  be  the  diftemper  here,  ’tis  plain  that  a cure  of  a bad  cafe  was  foon 
perform’d  by  the  external  application,  even  of  a mineral  fubftance. 

Boetius  de  Boot  records  fome  very  remarkable  effedb  of  the  blood-red  jalper- 
ftone.  “ Tho5  I am  not  fond,”  fays  he,  “ of  attributing  extraordinary  virtues  to 
“gems,  yet  am  I an  eye-witnefs  of  fome  ftrange  effedts  of  the  jafper.  A maid 
cc  having  her  menles  continue foobftinately,  for  fome  days,  that  nothing  cou’dput 
cc  a ftopthereto  ; I ordered  her  to  bind  a red  unpolifh’d  one  to  her  thigh,  which 
“ immediately  cured  her.  Another  perfon,  receiving  a wound  in  his  foot,  there 
“ enfued  fuch  an  hemorrhage  as  we  could  by  no  means  reftrain,  till  this  ftone 
cc  was  applied;  which  inftantly  ftopp’d  it,  tho’  the  wound  remain’d  uncover'd.” 

But  the  moft  furprizing  relation  he  gives  us,  is  concerning  the  maid  at  Prague , 
who  had  a vehement  hemorrhage  continue  upon  her, feveral  times  in  a week,  for 
fix  years  together  ; and  no  remedies  reliev’d  her.  Our  author,  therefore,  lent 
her  an  experienc’d  jafper,  which  when  flie  hung  about  her  neck,  the  flux  of  blood 
immediately  ceafed.  She  afterwards  wou’d,  out  of  curiofity,  lay  afide  the 
ftone  -,  when  the  hemorrhage,  in  a few  weeks,  conftantly  return’d  ; which  fhe 
as  conftantly  flopped  by  putting  it  on  again.  At  length,  however,  flie  was  quite 
cured  hereby. 

The  experienc’d  Henricus  abHeer  mentions  a ftill  more  furprizing  eflfedt  of  an 
appended  remedy.  He  tells  us,  that  a woman  who  had,  by  an  unfkilful  midwife, 
her  bladder  fo  lacerated,  that  fhe  was  fubjedt  to  a perpetual  diabetes,  found  a cure 
by  wearing,  as  a gypfy  taught  her,  a little  bag  hung  about  her  neck,  wherein  was 
included  the  powder  of  a toad  burnt:  alive  in  a new  pot.  I the  rather  mention 
this,  becaufe  the  author  found  the  fame  effectual  upon  a merchant,  who  was  left, 
in  a like  condition,  by  an  unfkilful  lithotomift ; and  becaufe,  recommending  this 
odd  remedy  to  the  tryal  ofa  curious  phyfician,  he  told  me,  tho’  it  had  failed  in 
oa'e  or  two  inftances,  it  had  fucceeded  in  two  or  three.  He  added,  that  in  one, 
whofe  diftemper  proceeded  from  a dilaceration  of  the  bladder,  the  remedy 
did  fervice,  as  long  as  flie  wore  it  about  her,  and  kept  it  renewing,  as  its  virtue 
diminifh’d  ; but  if  flie  left  it  a while,  the  diftemper  return’d. 

Henricus  abHeer , alfo,  tells  us  of  a lady,  a patient  of  his,  whom  hefuppofed 
bewitch’d,  and  thought  incurable,  till  he  met  with  an  unguent,  in  Carrichter , a 
Dutch  author,  extoll’d  for  this  purpofe,  which  proved  effectual.  I myfelf  have 
met  with  the  prefcription,  in  this  author,  fet  down  a little  different  fromwh.it  1 
Vol.  I.  M And 
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find  it  in  the  former.  The  mifletoe  of  the  haze],  an  ingredient  herein  which 
Henricus  ab  Heer  found  great  difficulty  in  procuring,  is  not  fo  fcarce  in  England , 
beino- very  green  and  extremely  bitter  ; I,  therefore,  wifh  thofe  who  have  oppor- 
tunity, w oil’d  make  trial  thereof ; for  befides  the  above-mention’d  authorities,  a 
learned  phyfician  highly  commended  it  to  the  judicious  George  Horfius. 

Now,  tho’  we  fuppofe  thefe  cafes  not  to  be  fupernatural,  or  the  effe&s  of 
witchcraft,  there  muft  be  a wonderful  efficacy  in  an  external  remedy,  to  cure, 
by  barely  anointing  the  limbs  therewith,  fuch  radicated  diforders,  with  their 
horrid  train  of  fymptoms.  ’Tis  the  lefs  ftrange,  therefore,  what  Helmont  fays 
of  a plaifter,  wherewith  he  infallibly  cured  even  autumnal  quartans,  and  prevent- 
ed a relaple,  which  was  compofed  only  of  a few  refolving  and  abfterfive  ingre- 
dients ; he  adds,  indeed,  that  it  Succeeded  more  flowly  in  fat  perfons.  And  yet, 
in  thefe  approved  methods  of  curing  diftempers,  there  is  no  fenfible  evacuation 
made  of  the  peccant  matter,  which,  perhaps,  (till  remains  in  the  body  ; being  only 
deprived  of  its  former  qualities,  by  the  effluvia  of  thefe  remedies,  and  thereby 
render’d  fo  far  obedient  to  nature,  as  to  be  thrown  off,  if  neceffary,  either  by 
fweat,  urine,  or  infenfible  perfpiration.  That  a difeafe  may,  fometimes,  feem  to 
j7  be  remov’d,  whilft  the  peccant  matter  is  lodg’d  in  the  body,  appears  from  the 
J cure  of  agues  by  a fudden  fright  ; wherein  no  difcernible  evacuation  is  made  ; 
tho’  probably  fome  change  in  the  fluids,  or  texture  of  the  morbific  matter,  be 
thereby  occasion’d  : this  feems  confirm’d  by  many  inftances  already  produced. 

I knew  a couragious  officer  in  the  army,  who  was  ftrangely  fearful  of  rats  ; and 
having  been  long  tormented  with  an  obfiinate  quartan,  he  carried  it  with  him 
into  Several  countries,  without  finding  a cure.  Coming  at  length,  by  accident, 
into  a room,  where  an  huge  rat  being  up  in  a corner,  and  cou’d  not,  otherwife, 
efcape,  furioufly  leapt  upon  the  gentleman  ; which  put  him  into  fuch  a fright  as 
freed  him  from  his  difiemper.  Salmuth  relates  a pleafant  cure,  even  of  the  gout, 
by  a fright.  A gouty  perfon  having  his  feet  and  hands  wrapp’d  up  in  a ca- 
taplafm  made  of  turneps,  flower  and  milk,  happen’d  to  be  left,  alone,  in  his  chair, 
when  a fow,  invited  by  the  fcent  of  the  ingredients,  came  into  the  room  ; and, 
endeavouring  to  get  at  the  poultis,  overthrew  the  gentleman  and  his  chair ; which 
put  him  into  fuch  a fright,  that  his  pains  decreas’d,  that  very  day,  and  after- 
wards continuing  to  diminifh  gradually,  they  at  length  totally  left  him,  and  ne- 
ver return’d. 

A woman,  of  a middle  age,  told  me,  that  taking  her  fon,  a little  boy,  whom 
file  was  dotingly  fond  of,  with  her  to  a river-fide  ; whilft  fhe  was  bufy,  the  child 
ftole  away  from  her,  and  walking  along  the  bank,  he  chanced  to  fall  into  the 
river : in  the  mean  time,  the  mother,  miffing  her  child,  haftily  call  her  eyes 
towards  the  brink  of  the  river;  and,  not  feeing  him  there,  prefently  concluded 
him  drown’d  ; and,  upon  that,  was  ftruck  with  fo  much  horrour,  that,  among 
other  mifchiefs,  flie  fell  into  a dead  palfey,  of  her  right  arm  and  hand,  which 
ftill  continued,  notwithftanding  all  fhe  could  do  to  remove  it. 

I familiarly  knew  a gentleman,who,when  he  was  a youth,  fell  into  a violent  and 
obftinate  Sciatica,  which  continued  with  him  fo  long,  as  to  leave  him  little  hopes  of 
relief;  but  the  devotion  of  his  friends  caufed  him  to  be  carry ’d,  fince  he  could  not 
go  to  church  upon  Sundays ; and  here  it  happen’d,  that  the  town  being  a frontier 
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garrifon,  there  was  occafion  given  of  a very  hot  alarum,  that  the  Enemy,  be i no- 
got  into  the  town,  was  advancing  towards  the  church,  to  m a fiacre  all  that  were 
in  it.  This  fo  amaz’d  and  terrify *d  the  people,  that,  in  very  diforderly  hade, 
they  ran  all  out  of  the  church,  and  left  my  friend  in  his  pew  *,  who  beino-  no 
lefs  frighten’d  than  the  red,  forgot  hisdifeale,  and  made  a fiiift  to  get  off,  °and 
follow  thofe  who  fled  ; but  it  quickly  appearing  that  the  alarum  had  been  falfe, 
his  friends  began  to  think  in  what  a condition  they  had  left  him  ; and  haftening5 
back  to  help  him  out  of  the  pew,  they,  to  their  great  furprize,  found  him  in 
the  way  upon  his  feet,  and  walking  as  freely  as  other  men.  When  he  told  me 
this  ftory,  it  was  above  forty  years  fince  the  thing  happen’d  ; and  in  all  that 
time  he  never  had  one  fit  of  the  fciatica. 

There  are  various  inflances  of  great  changes  produced-in  the  body,  when  no- 
thing has  been  receiv’d  at  the  mouth.  On  the  other  hand,  a good  air,  alone, 
does  frequently,  in  confumptions,  and  other  difeafes,  perform  what  was,  in  vain, 
expedted  from  phyfic.  ’Tis  pity  our  European  phyficians  fhou’d  want  the  phyfic 
books  of  China.  The  famous  Jefuit  Samedo  informs  us,  that  the  writings  of  our 
phyficians  having  not  yet  reach’d  China , phyfic  is  there  learnt  from  their  own 
numerous  authors.  And  tho’  phlebotomy  be  not  pradtifed,  either  there  or  in 
Japan , and  tho’  they  ufe  neither  cupping  nor  iffues,  fyrups  or  potions,  and  nothing 
but  fimples ; yet  phyfic,  fays  our  author,  is  in  a very  good  ftate  amongft  them  ; 
and,  accordingly,  he  gives  us  fome  confiderable  inflances  of  their  fkill  therein. 
’Tis  true,  their  phyficians  are,  in  point  of  learning,  much  inferiour  to  ours  ; but 
methinks,  ’tis  fomewhat  extraordinary,  that  in  fo  vafi,  civilized,  and  populous  a 
country,  phyfic  fhou’d  be  fuccefsfully  pradtifed,  without  the  ufe  of  thofe  eva- 
; cuations,  which  are  fo  frequent  among  us.  ’Tis,  alfo,  probable,  that  medicinal 
knowledge  is  greatly  improveable,  by  more  curioufly  obferving  the  pradtice  of 
midwives,  and  barbers,  the  good  women,  and  empirics,  with  the  reft  of  that  il- 
literate crew,  among  our  felves,  who  prefume  to  meddle  with  phyfic;  as  well  as 
of  the  Indians,  among  whom  the  generality  of  men  are  fo  ignorant,  as  to  live  without 
phyficians.  For  where  phyfic  is  pradtifed  without  any  knowledge  of  the  art, 
many  things  are  rafhly  done,  which  may  afford  good  hints  to  a judicious  obfer- 
ver.  Not  to  mention,  that  where  phyficians  are  illiterate,  fpecifics  generally 
flour ifh ; for  fuch  perfons,  for  want  of  fkill  in  pharmacy,  and  knowing  how  to 
vary  their  remedies,  as  circumftances  require,  almoft  wholly  rely  upon  fpecifics  ; 
i the  virtues  whereof  are  ufually  more  obfervable  in  their  pradtice,  than  in  that  of 
; more  fkilful  artifts;  becaufe  empirics  having  their  foie  dependance  upon  thefe, 
they  try  them  to  the  utmoft,  without  mixing,  as  is  too  common,  other  ingre- 
> dients  therewith;  which,  as  Galen  well  obferves,will  render  it  difficult  to  deter- 
i mine  what  it  was,  in  the  compofltion,  that  did  either  good  or  harm. 

Bontius  tells  us,  ’tis  undefervedly,  that  the  Europeans  eftcem  the  Indians  as 
barbarians.  He  fays,  the  moft  unlearned  among  them  have  a perfedt  knowledge 
of  plants.  Linfchoten , alfo,  fays,  that  the  phyficians  of  Goa , not  only  cure  thofe 
of  the  natives,  but  the  Portugue ze  thcmfelves  : he  adds,  that  the  vice-roy,  with 
the  arch-bifhop,  and  all  the  ecclefiaftics,  put  more  confidence  in  theft,  than  thofe 
of  their  own  nation.  In  confirmation  hereof,  I might  alledge  the  pradtice  of 
the  uncivilized  Irijh , and  fome  other  countries,  where  profefs’d  phyficians  are 
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unknown.  But,  as  Celfus  fays,  “ this  art  is  praftifed  univerfaliy,  and  the  mod 
“ ignorant  nations  have  their  plants  and  remedies  for  wounds  and  difeafes.”  I, 
therefore,  wifh,  that  others  would  imitate  the  example  of  Profper  Alpinus,  who 
wrote  the  Egyptian  p radio e of  phyfic  ; of  Bontius , who  treated  of  the  Indian , and 
of  Pifo , who,  lately,  gave  us  the  rude  method  of  the  Brafilians  ; wherein  he  tells 
us,  there  are  many  things,  which  may  inflrud  the  mofl  learned  phyfician  : and, 
according  to  the  faying  of  our  great  Harvey , “ there  is  no  nation  fo  barbarous, 
“ but,  either  by  accident,  or  abfolute  neceffity,  may  find  fomethingof  ufe  to 
“ mankind,  whereof  the  politer  nations  are  ignorant.”  Nor  fhould  we  defpife 
remedies  found  by  ignorant  people,  becaufe  they  know  notour  theory  of  phyfic. 
The  empirics,  in  Celfus , wittily  faid,  “ does  reafon  agree  with,  or  does  it 
“ contradid  experience  ? If  the  former,  ’tis  fuperfluous  ; if  the  latter,  ’tisfalfe.” 
Let  ufeful  remedies  come  from  what  quarter  foever,  they  are  not  to  be  rejed- 
ed  ; be  the  ignorance  ofthofe  who  prefent  them,  ever  fo  great,  or  their  opinions 
ever  fo  contrary  to  ours.  “ Reafoning,  fays  Celfus , has  nothing  to  do  with 
“ phyfic  ; the  defences  of  oppofite  opinions  may  cure  difeafes  alike  ; and  this, 
“ becaufe  they,  therein,  follow  not  their  obfcure  hypotheses,  but  experience, 
“ that  gave  birth  to  the  art.”  This  pafiage,  indeed,  afcribes  too  little  to  reafon, 
yet  there  is  fomething  remarkable  in  it ; efpecialiy,  if  we  confider,  that  the  late 
difcoveries  of  the  motion  of  the  chyle,  and  lymphatic  juice,  hath  not  yet  en- 
abled men  the  better  to  cure  difeafes.  Anatomical  difcoveries  may,  perhaps,  in 
time,  greatly  conduce  to  improve  the  curative  part  of  phyfic  •,  yet  this  observa- 
tion may  give  us  a caution  againfl  relying  upon  the  difputable  opinions  of  phy- 
ficians,  fo  far  as  to  contemn  all  the  pradice  that  does  not  fquare  therewith.  Our 
author  fays  well  in  this  cafe,  “deputation  may  be  here  continued  for  both  fides. 
“ of  the  queftion,|where  wifand  eloquence,  at  length,  will  carry  it  ; on  thecon- 
“ trary,  ’tis  not  oratory,  but  remedies,  that  cure  diftempers.”  It  would  be 
tedious  here  to  cite  all  the  authorities  I am  able,  to  confirm  the  efficacy  of  ex- 
ternal remedies  ; there  is  one,  however,  that  muft  not  be  omitted  : ’tis  in  a letter 
written  from  Peru  by  Petrus  de  Ofma  to  Monardes.  ” There  was  an  Indian , in  the 
“ city  Pofvo , where  I refided  feveral  years,  who  cured  all  diftempers  by  the  juice 
“ of  a fingle  plant,  rubbed  upon  the  affeded  parts.  But  covering  his  patients  up 
“ clofe,  he  caufed  them  to  fweat,  when  pure  blood  would  flow  from  the  places 
“ whereon  the  juice  was  rubbed  •,  this  he  wiped  off  with  linen,  and  continued  the 
“ operation,  as  long  as  he  thought  proper  •,  in  the  mean  time  fupporting  them 
“ with  a nourifhing  diet.  By  this  means,  many  defperate  cafes  were  cured  ; 
“ and  fo  well  too,  that  the  patient  feem’d  to  be  thereby  render’d  ftronger  and 
“ younger  : but  we  could  not,  by  all  our  art,  prevail  upon  him  to  difcover  to  us 
“ the  plant.” 

Magical tures  There  is  another  fort  of  external  remedy,  which  pretends  to  operate  in  a ftill 

tohe  eHmred  more  wonderful  and  extraordinary  manner;  whereinto  it  might  be  proper,  cou’d 
we  avoid  credulity,  to  enquire.  And  it  might,  pehaps,  deferve  an  experiment, 
to  fee  whether  fuch  cures,  as  vulgarly  pafs  for  fabulous  or  magical,  are  adtualiy 
performable:  fuch  are  thofe  reported  of  the  weapon-falve,  and  lympathetic  pow- 
der, &V.  faid  by  chymifts  tobe  perform’d,  either  by  magnetifm  or  traniplanta- 
tion.  Nor  is  it  only  by  the  vulgar  that  fuch  cures  are  thought  poffible,  for  I 
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find  them  ufed  and  recommended  by  many  eminent  phyficians.  I know  not 
what  to  think  of  the  fympathctic  powder  ; but  a very  honefl  gentleman,  well 
known  to  the  learned  world,  by  his  writings,  complaining  to  me  of  an  ulcer  in 
his  bladder,  which  was  continually  exafperated  by  the  fharp  medicines  he  took, 
in  hopes  todiflolve  a ftone  in  that  part ; I advifcd  him  to  try  this  powder  upon 
fome  of  the  matter  voided  with  his  urine,  fince  no  danger  cou’d  attend  it.  Soon 
after  this,  I had  thanks  for  my  advice,  both  from  himfelf  and  his  phyfician  ; for 
he  was  eafed  of  the  pain  ofhis  ulcer,  and  fo  continued  for  above  a year  ; how  much 
longer  I know  not.  But  I lay  no  ftrefs  upon  this,  nor  the  teflimonies  and  re- 
lations of  Paracelfus^  Helmont^Goclenius , Scrvius , &c.  who  pro fe fled ly  write  in 
defence  of  the  weapon-falve  ; upon  account  of  fome  trials  I myfelf  have  made, 
both  upon  that,  and  the  fympathetic  powder  •,  tho’Icannot  but  fay,  I havefome- 
times  found  them  available;  and  feen  fomething  follow  upon  the  ufe  of  the  lat- 
ter that  inclined  me  to  think  it  might,  fometimes,  perform  cures.  But  to  produce 
lefs  exceptionable  authorities,  Dominions  Panarola  tells  us,  cc  wonders  are,  every 
“ day,  difeover’d  in  phyfle  ; which  confirm  what  Servius  delivers  ofthe  weapon- 
<c  falve : that  the  menfes  are  flopp’d  by  a rag  dipp’d  in  the  matter  excreted,  and 
<c  placed  under  hot  afhesjias  been  frequently  experienced  ; and  Caftellus  declared 
“ he  had  found,  that  if  the  hemorrhoids  were  touched  with  the  bulbous  root  of 
“ chondrilk,  they  dried  away,  if  the  roots  were  dried,  but  rotted  if  that  rotted  ; 
4C  for  which  reafon,  after  being  thus  ufed,  it  was  put  to  wither  in  a chimney. 5> 
The  learned  Salmuth  gives  us  an  example  of  a violent  pain,  in  the  arm,  removed 
by  tranfplantation.  The  way  was  this  : red  coral  beat  up  with  oaken  leaves, were 
kept  to  the  part  affected  till  luppuration  ; then,  in  the  morning,  this  mixture 
was  put  into  a hole,  bor’d  with  an  auger,  into  the  root  of  an  oak,  on  the  eafl 
iide  thereof,  the  hole  being  flopped  up  with  a peg,  made  of  the  fame  tree  ; and 
from  that  time,  the  pain  entirely  ceafed  ; but  upon  taking  out  the  amulet,  it  re- 
turn’d ffiarper  than  before.  A great  lady,  far  from  being  credulous,  confefs’d  to 
me,  as  didalfo  fome  of  her  fervants,that,  with  the  common  remedy  of  afh  allies, 
form’d  by  warm  urine,  into  feven  or  nine  cakes,  and  buried  for  fome  days  in  a 
dunghill,  flie  was  cured  ofthe  yellow-jaundice,  after  palling  through  a tedious 
courfe  of  phyfic,  in  vain  prelcribed  her  for  it,  by  the  molt  famous  phyfician  in 
England ; and  afterwards,  re’apfing  into  the  famedifeafe,  it  was  again  removed  by 
the  fame  means.  A phyfician,  alfo,  told  me,  that  having  been  long  affli&ed  with 
an  obflinate  marafmus,  which  prevailed  upon  him  in  fpite  of  all  the  remedies 
he  could  ufe  ; at  length,  he  refolved  to  try  a fympathetic,  which  I have  found 
in  Hartman.  He  boiled  an  egg,  till  ’twas  hard, in  his  own  warm  urine,  and  with  a 
bodkin  perforating  the  fliell,  in  many  places,  he  buried  it  in  an  ant-hill,  where, 
as  the  emmets  devoured  it,  he  found  hisdiftemper  leflen,  and  his  ftrength  encreafe ; 
fo  that  at  the  time  he  related  this,  he  thought  himfelfwell.  Riverius  tells  us, 
that  the  daughter  of  a great  officer  in  France  was  exceffively  tormented  with  a 
whitlow,  for  four  days  together  ■,  for  which  heorder’d  her  linger  to  be  put  into  a 
cat’s  ear;  and,  within  two  hours  after,  ffie  was  freed  from  her  pain,  and  the 
whole  hand,  which  was  tumified,  came  to  its  natural  fize,  except  the  linger. 
The  fame  author  relates,  that  a counfellor’s  wife,  after  being  four  clays  torment- 
ed with  the  like,  was  cured  by  the  fame  remedy,  within  a quarter  of  an 
* hour. 
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hour.  5Twas  remarkable,  that,  in  both  thefe  cafes,  the  cats  gave  fuch  manifeft 
figns  of  pain,  that  Riverius  thought  they  attracted  the  morbific  matter  of  the  pa- 
tients. But  Peter  Borelli  declares,  that  even  the  pain  of  the  gout  is  greatly  eafed 
by  admitting  whelps  to  lie  in  the  fame  bed,  with  the  perfon  affiidted ; and  affirms, 
they  thereby  contradl  thediftemper,  fo  far  as  to  go  lame.  Perhaps,  this  author 
was  induced  to  write  thus  from  the  report,  that  Fludd , the  chymift,  had  by  this 
means  tranfplanted  the  gout  from  one  of  his  patients  *,  the  dog  being  afterwards 
fubjedt  to  fuch  periodical  fits,  as  formerly  affiided  his  matter. 

Difcourfing  upon  this  fubjed,  lately,  with  a judicious  perfon,  well  {kill’d  in 
phyfic,  and  made  eminent  by  his  learned  writings,  he  acquainted  me  with  a cure, 
by  tranfplantation,  perform’d  on  the  fon  of  one  who  ufed  to  make  chymical  vef- 
fels  for  me.  The  obfervation  being  confiderable,  and  to  avoid  miftakes,  I de- 
fired  it  in  writing,  which  he  gave  me  as  follows.  cc  N.  N.  of  N.  Potter,  had 
44  a fon,  who  was  long  fick  of  the  king’s-evil,  which  fwell’d  much,  and  broke 
<c  into  fores  at  laft,  which  he  could  by  no  ordinary  means  heal.  The  old  man 
tc  had  then  a dog,  which  took  an  ufe  of  licking  the  fores  ; which  the  dog  con- 
<c  tinued  fo  long,  that  he  wafted  the  very  kernels  of  ulcers  that  were  knit  in  with 
“ the  veins,  and  perfedly  cured  the  fore  •,  but  had  the  fwelling  tranfplanted  to 
44  himfelf,  fothat  he  had,  thereupon,  a great  fwelling,  that  arofe  and  continued 
44  in  his  throat.  - The  lad  was  thereby  freed,  fo  continued  to  be  till  1660,  and, 
44  for  aught  I know,  isfo  to  this  day.  This  I faw,  being  thereat  that  time,  to 
46  view  the  cl  ayes  and  befpeak  retorts  of  the  old  man.” 

Andj Bartholin  relates,  that  a dog,  having  relieved  his  uncle  from  the  colic, 
by  being  placed  upon  his  belly,  afterwards  vomited  violently.  He  adds,  that  a 
fervant  of  the  fame  perfon,  having  the  tooth-ach,  found  eafe  by  applying  the 
fame  dog  to  her  cheeks,  whilft  he  difcover’d  manifeft  figns  of  pain  ^ and,  alfo, 
that  the  fecretary  found  the  like  fuccefs,  in  a fwell’d  neck.  Nay,  Sir  Francis 
Bacon , himfelf,  folemnly  records  the  manner  how  he  was  freed  from  a great 
number  of  warts,  by  a piece  of  lard  with  the  fkin  on,  which,  after  having  rub- 
bed upon  them,  he  expofed,  out  of  a fouth  window,  to  putrefy.  And,  there- 
fore, tho’  the  vanity  and  fuperftition  of  thofe  who  treat  of  magnetic  remedies, 
together  with  the  impertinent  circumftances  ufually  prefcribed,  along  with 
them,  do  ufually,  with  juftice,  render  them  fufpedted  by  fober  men  •,  yet  by  the 
inftances  here  produced,  whereto  others  might,  alfo,  be  added,  join’d  to  the 
teftimonies  of  phyficians,  and  others,who  either  perform’d,  or  were  eye-witneffes 
of  fuch  cures,  it  feems  proper,  that  farther  experiments  of  this  kind,  fhould 
be  rigoroufiy  made.  1 cannot  but  commend  the  curiofity  of  Dr.  Harvey , 
who  did  not  fcruple  to  try  frequently  the  experiment,  mention’d  by  Helmont , 
of  holding  the  hand  of  a man,  dead  of  a lingering  difeafe,  upon  tumours 
or  excrefcences,  in  order  to  cure  them  *,  which,  the  Dodtor  told  me,  he  had, 
fometimes,  found  infignificant,  but  often  effedtual.  Nor,  if  afingle  experiment, 
of  this  kind,  fails,  does  it  follow,  that  it  ought  to  be  totally  rejedted  ; becaufe, 
if  they  fometimes  fucceed,  that  fufficiently  fhews  there  are  medicines  in  nature, 
which  operate  after  that  extraordinary  manner.  And  why  fhould  we  expedt  that 
remedies,  which  operate,  at  a diftance,  or  only  by  their  effluvia,  mutt  be  more  in- 
fallible than  thofe  taken  in  at  the  mouth  P If  rhubarb  be  an  excellent  medicine 
in  diarrhoeas,  notwithftandingthe  ufe  whereof,  vaft  numbers  are  daily  fwept  a- 
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way  in  Ireland  by  that  diflemper  ; if  mercury  be  effectual  in  venereal  cafes,  tho% 
according  to  Fernelius , Mont  anus , and  others,  it  feldom  cures  them  ; and,  lafl- 
ly,  if  diaphoretics  are  juflly  efleem’d  by  phyficians,  tho’  few,  if  any  of  them, 
will  caufe  fweat  in  all  bodies  ; why  may  not  remedies,  which  operate,  as 
it  were,  by  emanation,  deferve  the  names  of  medicines,  if  they,  fometimes, 
unqueftionably  fucceed,  and  be  try’d  as  fuch,  when  they  are  fo  exceeding  fafe 
and  innocent  ? 

But  it  may  here  be  demanded,  how  a naturalift  can  contribute  to  advance  thefe 
methods  of  cure,  without  evacuations  ? I anlwer,  ’tis  no  new  thing  for  natura- 
lifts,  who  are  no  profefs’d  phyficians,  to  treat  of  this  fubjedt  ; and  that  they 
may  afford  good  hints  to  one  who  is  j not  only,  by  the  ways  already  mention’d, 
but,  alfo,  by  trying,  upon  brutes,  variety  of  unexperienc’d  medicines,  and 
communicating  the  fuccefs  thereof.  P ericulum  faciendum  ejl  in  vili  animd  ; we 
may,  therefore,  infiidt  wounds  upon  dogs  and  monkeys,  and  give  them  poifons, 
purpofely  to  try  the  efficacy  of  the  weapon-falve,  and  fympathy-powder.  And 
fome  of  my  friends  allure  me,  they  have  cur’d  lame  horfes,  by  flicking  the  nails, 
that  did  the  hurt,  into  the  weapon-falve  ; which  they  carry  about  them,  for  that 
purpofe.  When  cattle  are  affiidled  with  the  turning-evil,  or  flurdy  •,  a difeafe 
that  caufes  them  to  turn,  frequently,  round  in  the  fame  place ; the  common  reme- 
dy in  England , is  to  throw  the  bead  down  and  bind  him  ; then  to  open  his  fkull, 
and  take  out  a little  bladder,  which,  ufually,  lies  near  the  membranes  of  the 
brain,  fill’d  with  water  and  blood  ; and  then  gradually  heal  up  the  wound.  And 
this  method  is  much  commended  by  our  experienced  Markham.  In  goats, 
likewife,  which  are  fubjedl  to  the  dropfy,  the  hufband-men  make  a flit  under 
the  fhoulder,  and  let  out  the  water.  Various  other  hazardous  operations  in  chir- 
urgery,  as  arteriotomy,  the  extirpation  of  the  fpleen,  &V.  either  were,  or 
ought  to  have  been,  firfl  pradlifed  upon  brutes  ; and  by  proceeding,  in  this 
manner,  ’tis  probable,  that  many  ufeful  difcoveries  may  be  made  in  chirurgery. 
To  pafs  by  the  known  pradlice  of  fpaying  fwine  and  bitches ; fome  experienc’d 
fhepherds  have  a particular  way  of  caflrating  male  fheep,  efpecially  when  grown 
fo  old,  that  the  common  method  is  unfafe.  The  operation  is  call’d  Twigging; 
and  they  perform  it  by  throwing  the  creature  on  his  back  ; in  which  poflure 
he  is  held  by  a ftrong  man,  while  another  draws  a firing,  as  tight  as  poffible* 
about  the  teflicles  ; and  fixing  it  there,  they  anoint  the  part  with  frefh  butter, 
and  leave  the  ram  to  feed  -,  and  in  two  or  three  days  the  teflicles  grow  fo  rot- 
ten, as  to  fall  of  with  the  firing,  or  to  be  pluck’d  away  by  a fmall  force. 

From  the  pradlice  of  farriers,  fhepherds,  and  gfaziers,  many  things  may  be 
drawn  to  enrich,  or  illuflrate,  the  method  of  cure  in  human  bodies  ; for  their 
ignorance  and  credulity,  with  the  meannefs  of  the  creatures  they  pradtife  upon, 
lead  them,  to  venture,  in  horfes  and  cattle,  what  phyficians  dare  not  upon  men  and 
women.  Some  of  thefe  extravagant  experiments  have,  however,  fucceeded  fo  well, 
as  to  deferve  the  confideration  of  the  molt  fkilful  phyficians.  And,  methinks, 
fome. of  them  might  without  any  difgrace  to  their  profeffion,  oblige  the  world 
by  colledling  and  digefling  all  the  approv’d  experience  of  farriers,  graziers, 
butchers,  and  the  like.  The  ancients  did  not  defpife  fuch  an  employment,  but 
honour’d  it  with  the  titles  Hippiatrica  and  Veterinaria . To  give  one  example  of 
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the  fervice  this  might  do  to  the  art  of  healing,  I chufe  to  inflance  in  the  cure  of 
the  flaggers  in  horfes,  by  bleeding.  I have  feen  a coach-horfe  ready  to  drop 
down  dead,  of  this  difeafe,  on  the  road  •,  but  upon  well  rubbing  his  gums, 
with  the  coach- whip,  till  they  bled,  he  was  inflantly  relieved,  and  enabled  to 
perform  his  journey. 

W e mud  next  obferve,  that  phyfic  anciently  belong’d  to  the  naturalifl,  ac- 
cording to  that  remarkable  paflage  of  Celfus , “ phyfic,”  fays  he,  “ was  originally 
“ efleem’d  apart  of  philofophy  *,  and  the  cure  of  difeafes  grew  up  with  the  fludy 
<c  of  nature  : indeed,  the  naturalifts  flood  mod  in  need  of  it,  who  exhaufled 
<c  their  vigour  in  lucubrations.”  He  adds,  that  many  philofophers  were,  alfo, 
phyficians ; and  that  Hippocrates  was  the  firfl  who  made  a diflin&ion  between 
them.  And  this  we  fuppofe  a fufficient  apology  for  the  prefent  difcourfe. 

Rea  ions  for  the  Now  the  reafon  why  phyficians  reject,  or  deride  the  ufe  of  fpecifics,  being 
vfeo/Jpecifics.  becaufe  they  feem  to  operate  in  a fecretand  unknown  manner,  and  not  by  vifibly 
evacuating  the  peccant  matter  ; and  a naturalifl  may  remove  this  objection,  by 
ihewing,  that  there  are  fimilar  effects  in  nature  *,  and,  confequcntly,  that  thefe 
ought  not  to  be  rejected  as  impofiible.  ’Tis  certain,  that  the  fchool-philofophy 
does  great  differvice  to  phyficians,  by  leading  them  into  grofs  conceptions  of 
nature’s  manner  of  working  *,  and  hence  it  is,  that  many  learned  men,  among 
them,  never  expedl  any  great  effedls  from  remedies  that  fall  not  under  the  fenfes, 
nor  evacuate  any  fenfible  matter  •,  whereas  very  great  alterations  may  be  wrought 
in  a body,  efpecially,  if  fluid,  by  the  intefline  motion,  alone,  of  the  parts. 
How  much  an  imperceptible  avolation  of  a few  fubtile  parts  of  a liquor  can 
alter  its  nature,  we  may  guefs  by  the  obvious  change  of  wine  into  vinegar. 
In  England , indeed,  by  reafon  of  the  coldnefs  of  the  climate,  this  degenera- 
tion is  not  fo  fudden  as  in  hotter  countries  : but  in  Brazil , Pifo  informs  us,  that 
the  exprefs’d  juice  of  the  fugar-cane,  which,  by  coftion,  would  foon  be  brought 
to  fugar,  will,  of  itfelf,  keep  fweet  but  four  and  twenty  hours,  when  it  be- 
gins to  grow  four,  and  become  unfit  for  that  purpofe,  but  proper  for  vine- 
gar. The  fame  thing  is,  alfo,  confirmed,  by  travellers,  of  lome  other  liquors 
in  the  Weft- Indies.  ButLinfchoten  tells  us  of  a much  more  fudden  change  in  the 
Eajl-Indies.  “ The  fura,  or  juice  of  the  coco-tree,”  lays  he,  “ if  it  hands  but 
cc  an  hour  in  the  Sun,  becomes  very  good  vinegar,  and  the  Indians  ufe  no  other.” 
That  noxious  liquors,  (and  why  not  peccant  matter  in  the  body  ?)  in  like  man- 
ner, change  their  nature,  appears  from  what  we  formerly  obferved  of  the  juice 
of  mandihoca  ; which,  tho’  poifonous  when  firfl  exprefs’d,  purges  itfelf,  in  a 
few  hours,  and  becomes  wholefome.  That  the  bare  admiflion  of  fome  fubtile 
and  invifible  matter,  may  raife  fuch  intefline  commotions  in  fluids,  appears 
from  the  frequent  fouring  or  fpoiling  of  liquors  by  thunder:  and,  at  Geneva^ 
I remember,  the  inhabitants  complain’d,  that  much  of  their  wine  was  turned 
four  by  an  earth-quake. 

That  fuch  invifible  corpufcles,  may  fly  from  amulets,  or  other  external  reme- 
dies into  the  blood  and  juices  •,  and  there  produce  conflderable  changes,  will 
not.  appear  flrange  to  him  who  confiders,  according  to  Hippocrates , how  perfpi- 
rable  a living  body  is  \ and  that  vegetable  and  animal  fubflances  may  well  have 
foch  exhalations,  flnce,  even,  minerals  are  not  without  them.  Sulphur,  and  am- 
ber 
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ber  are  made,  by  Fri6tion,  to  omit  odorable  deams -,  glafs  of  antimony,  and 
Crocus  meiallorum , impart  an  emetic  quality  to  fluids,  without  fenfibly  loflng 
of  their  bulk  and  weight  *,  and  quick-fllver,  in  the  fame  manner,  communicates 
the  virtue  of  deftroying  worms,  to  wine  or  water,  by  being  only  (hook  with 
them.  I have  wonder’d  how,  many  learped  phyficians,  among  the  moderns, 
either  out  of  an  affe&ed  feverity,  or,  perhaps,  animoflty,  againd  the  chymifts, 
could  exprefs  a contempt  of  all  operations  of  this  nature*,  fince  Galen  himfelf, 
not  only  confirms,  the  like  do&rine  by  his  reafons  and  authority,  but  de- 
livers a lurpri zing  example  thereof,  in  piony-root ; which  he,  by  repeated  ex- 
periments, fatisfied  himfelf,  cured  a lad  of  an  epiiepfy,  by  being  hung  about 
his  neck  *,  for  the  diftemper  return’d  if  this  were  taken  off.  And  this  ef- 
fect he  accounts  for  from  the  effluvia  of  the  root.  Nay,  to  me  it  feems  not 
impoflible,  that  invifible  bodies,  by  palling  thro’  more  grofs  ones,  fhould  fo 
far  change  the  motion,  or  arrangement  of  their  parts,  as  to  produce  lading 
alterations  in  their  textures  *,  for  the  fluid  body  of  quick-filver  has,  fometimes, 
without  any  fenfible  increafe  of  bulk,  been  fo  coagulated  by  a metalline  exha- 
lation, that  it  might  be  cut  like  lead*,  and  this  folidity  it  will  retain,  ’till  it  be*, 
by  fome  art,  reduced  to  its  priftine  fluidity.  One  might  be  induced  to  think, 
that  iron  has  a permanent  alteration  made  in  it’s  texture,  by  holding  a needle, 
long,  near  the  pole  of  a vigorous  load-ftone  *,  whereby  the  magnetic  effluvia 
will  fo  difpofe  the  parts  of  the  neared  extremity,  as  to  admit  the  deams  which 
come  from  one  of  the  poles  of  the  done ; whild,  by  holding  it  to  the  contrary 
pole  of  the  fame,  the  texture  of  the  needle  will,  prefently,  be  quite  other- 
wife  difpofed : and,  by  changing  the  poles  of  the  load-done,  we  have  made  it 
appear,  that  fuch  alterations  are  poflible  in  dones.  Iron  may,  by  different 
management  after  ’tis  heated,  be  render’d  either  foft  or  brittle : and  *tis  obfer- 
ved,  that  glafs  acquires  a more,  or  lefs  brittle  texture,  according  as  it  is  baked; 
for  if  glades  are  carried  into  the  open  air,  immediately  after  they  are  blown, 
and  not  fet  to  cool,  gradually,  in  an  oven,  they  become  brittle,  and  very 
apt  to  break : and  whatever  be  the  caufe  of  this,  ’tis  evidently  no  grofs,  or 
vifible  matter. 

That  in  a human  body,  likewife,  great  changes  may  be  made  by  veryfub- 
tile  effluvia,  appears  from  other  things,  as  well  as  external  remedies.  Thus 
fome  are  purged  by  the  bare  fcent  of  a potion  ; as  the  phyfician  of  Plymouth 
aflured  me  from  his  own  obfervation  : and  Salmuth  gives  us  an  indance,  where 
one,  in  this  manner,  operated  better  upon  a young  gentlewoman,  than  it  did 
upon  her  fider  who  took  it.  The  fame  author  fays,  that  Dr.  Pfeil , when 
he  wanted  a purge,  would  go  into  the  apothecary’s  fhop,  where  purging  ele<du- 
aries  were  preparing,  the  fcent  whereof  would  work  as  well  with  him,  as  a dofe 
of  the  medicine*.  Henricus  ab  Heer  tells  us  of  a woman  who  ufed  to  purge 
herfelf  with  beef-broth  ; but,  having  broke  her  leg,  ufed  no  other  cathartic 
than  the  fcent  of  it,  Jofephus  Acojla  relates,  that  the  air,  along  the  ridge  of  the 


* M . Lemery  fays,  he  was  acquainted  with 
two  perfons,  who,  flaying  four  or  five  hours, 
in  a hot  feafon,  where  there  was  a large  quan- 
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tity  of  damafk-rofes,  they  were  purged  thereby, 
in  a mod  violent  manner,  both  upwards  and 
dowmvazds.  Hijl,  del' A wdm,  A.  1695.  P*  69- 
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high  mountain  Pariacaca^  in  Peru , has,  for  five  hundred  leagues,  fuch  Arrange 
effe&s,  that,  tho’  he  went  well  prepared  to  withftand  it,  yet,  approaching  the  top* 
he  was  thrown  into  exceffive  retching  and  vomiting,  even,  ’tillhecafi:  up  blood. 
It,  likewife,  operated,  downwards,  with  fome  of  his  companions;  and  heconti- 
nued,  thus,  fick  for  three  or  four  hou~s,  ’till  he  came  into  a more  temperate  air. 
A ftill  greater  proof  of  the  power  that  effluvia  have  upon  the  body,  arifes  from 
the  propagation  of  infectious  difeafes.  Nor  is  it  a wonder,  that  fuch  infenfible 
particles  fhould  have  fuch  terrible  effeCts  upon  our  bodies,  if  we  confider  what 
alterations  may,  therein,  be  produced  from  the  aCtion  of  the  parts  upon  one  ano- 
ther. Several  paffions  of  the  mind  are  often  excited  by  the  bare  thoughts  of  ab- 
fent  things.  Inobftinate  grief  and  melancholy,  there  is  fuch  an  alteration  made  in 
the  heart,  and,  perhaps,  fome  other  parts,  thro’  which  the  blood  circulates,  that 
the  motion  of  that  fluid  is  difturbed ; andobftru6fions,and  other  diforders,occa~ 
fion’d.  The  remembrance  of  a loathfome  potion  will,  often  produce  a horror,  at- 
tended with  a fenfible  commotion  of  the  whole  body,  andakindofconvulfion 
about  the  ftomach.  Shame,  we  fee,  occafions  the  blood  to  be  plentifully  thrown 
into  the  face ; as  will,  alfo,  great  and  fudden  joy.  I lately  faw  the  latter  paflion 
doit,  in  perfons  of  both  fexes;  when,  not  only  their  cheeks  and  fore-heads* 
but,  even  the  neck  and  fhoulders  of  the  lady  were  left  died  of  a red  colour.  Nay, 
paflions,  not  only  alter  the  motion  of  the  fluids  in  the  body;  but,  even,  occafion 
the  evacuation  of  fome  of  them.  Thus  grief  forces  tears.  And  longing,  in 
women,  may  well  be  fuppofed  to  create  great  alterations  in  the  body  of  the  mo- 
ther, when  it  will  leave  fuch  Arrange  and  lading  impreflions  upon  that  of  the 
infant ; fince  it  is  her,  alone,  that  has  fuch  importunate  defires. 

There  are  many  indances,  in  phyfic  books,  tofhew,  that  imagination  may 
caufe  a difeafe,  where  it  is  exceflfvely  fear’d ; and  I myfelf  knew  a lady  who 
had  the  fmall-pox  by  this  means.  Nor  is  it,  only,  in  women,  that  conceit  has 
thefe  effeCts.  There  was  an  Irifl. h captain,  in  the  county  of  Cork , of  a middle 
age,  who  coming  to  fur-render  himfelf  to  my  brother  Broghill , at  that  time  com- 
mander of  the  Englijh  forces  there,  was  intercepted  by  a party  of  Englijh.  My 
brother  being  abfent,  the  captain  was  fo  fearful  of  being  put  to  death,  before 
he  return’d,  that  it  foon  alter’d  the  colour  of  his  hair.  Happeningto  be  then 
at  the  caftle, whereto  this  captain  was  brought,  I found,  upon  examination,  that 
the  change  of  his  hair  was  not  uniform ; but  that  particular  tufts  and  locks  there- 
of, with  bafes  about  an  inch  in  diameter,  were,  up  and  down,  fuddenly  turn’d 
white,  all  over,  whilft  the  re  ft  remain’d  of  its  own  reddifh  colour. 

But  I mud  not  be  underdood  to  condemn  the  ufe  of  evacuating  medicines, 
or  be  thought  fo  credulous  as  to  believe  all  the  virtues  afcribed,  even  by  emi- 
nent writers,  to  fpecifics;  for  I have  obferv’d  the  bed  of  thefe  remedies  to  fail,, 
where  an  emetic,  or  cathartic  has  not  preceded  ; unlefs  they  were  of  fo  abfler 
five  a nature,  as,  of  themfelves,  to  free  the  fird  paffages  of  thofe  vifcid  humours 
that  ufually  lodge  therein,  and  hinder  their  efficacy.  My  defign  is  to  prevent 
the  prejudice  propagated  by  fome  learned,  but  confident  phyficians,  who  laugh 
at  the  mention  of  fpecifics,  and  allow  no  cures  performable,  without  vifibly 
Evacuating  the  peccant  matter  ; and,  alfo,  to  fhew,  that  fuch  of  thefe  reme- 
dies, as  men  of  judgment  and  credit  recommend  upon  their  own  experience* 
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are  not,  without  trial,  to  be  rejected,  becaufe  they  occafion  no  fenfible  evacua- 
tion, nor,  manifeftly,  difcover  any  eminent  quality,  nor,  laftly,  produce  any 
remarkable  change  in  an  healthful  body.  For  an  animated  human  body  is  The  human  bo- 
0ot  a rude  mafs  of  limbs  and  liquors,  but  an  engine  confiding  of  feveral  parts ^and’afud’ut- 
'tiarmonioufly  connected  together,  and  communicating  with  each  other  •,  by  on  accordingly. 
means  whereof,  a weak  impreflion  of  adventitious  matter,  in  one  part,  fhall 
adl  upon  another,  at  a diftance,  or  even,  upon  the  whole  machine.  The 
flight  motion  of  a man’s  finger  upon  a fmall  piece  of  iron,  unconnedted 
with  any  engine,  would  produce  no  confiderabJe  effect  •,  but  fuch  an  adfion, 

.applied  to  the  trigger  of  a loaded  mufket,  occalions  a furprizing  fuccefiion  of 
■accidents.  That  a human  body  is  fo  framed,  as  to  fuffer  great  changes  from 
tfeemingly  gentle  impreflions  of  external  objects,  appears  from  many  inftances 
already  mention’d.  Thus,  likewife,  to  go,  fuddenly,  into  the  fun-fhine,  will, 
fometimes,  inftantly  occafion  that  violent  motion  we  call  fneezing.  To  look 
from  a precipice,  will  make  the  head  giddy  *,  the  fight  of  a whirl-pool  has 
caufed  men  to  fall  into  it ; and  to  fix  the  eyes  upon  the  water,  beneath  a fhip 
under  fail,  will  prove  emetic ; as  I,  for  my  health’s  fake,  have,  fometimes, 
experienced.  If  aperfon  be  ticklifh,  ftroke  the  foie  of  his  foot  with  a feather, 
and  it  fhall,  againfl  his  will,  affedt  the  remote  mufcles  of  his  face,  and  pro- 
voke him  to  laughter  ; as  the  tickling  of  a ftraw  in  the  noftrils,  excites  fneez- 
ing. Many  kinds  of  a grating  noife  will  fet  the  teeth  on  edge  ; and  a fer- 
vant  of  mine  complain’d,  that  the  whetting  a knife  would  make  his  gums  bleed. 

Henricus  ab  Heer  mentions  a lady  who  would  faint  at  the  found  of  a bell,  or 
any  loud  noife,  even  that  of  finging,  and  lye  as  if  fhe  were  dead  *,  but  as  fhe- 
was  thoroughly  cured  by  a courfe  of  phyfic,it  appears,  that  this  difpofition  pro- 
ceeded from  fome  particular  texture  in  her  body,  with  regard  to  founds.  One 
hyfterical  woman,  in  fits,  fhall  fooft  communicate  them  to  another  by  afpedh 
And,  to  fhew  that  diftemper’d  bodies  may  receive  alterations,  while  found  ones 
remain  the  fame  ; we  need,  only,  confider,  that  the  fubtile  effluvia,  which  float 
in  the  air,  before  any  change  of  weather,  are  felt  by  thofe  valetudinarians, 
who  have,  formerly  receiv’d  bruifes,  wounds,  or  other  injuries  •,  and  that  too, 
only,  in  the  very  parts  where  they  happen’d.  Others,  we  daily  fee,  who  are 
diforder’d  by  riding  backwards  in  a coach  *,  and  the  fcent  of  mufk,  or  am- 
ber-greafe,  tho’  grateful  to  others,  will  throw  hyfterical  women  into  ftrange 
convulfions.  Zacutus  Lujitanus  tells  us  of  a fifher-man,  who,  having  fpent 
his  life  at  fea,  and  coming,  accidentally,  to  the  reception  of  the  king  of  Por- 
tugal, in  a maritime  town,  where  perfumes  were  burnt  j he  was,  thereby 
thrown  into  a fit,  judged  apopledtic  by  two  phyficians,  who  treated  him 
accordingly  j ’till  three  days  after,  the  king’s  phyfician,  guefling  the  caufe, 
order’d  him  to  be  remov’d  to  the  fea-fide,  and  there  to  be  cover’d  with  fea- 
weed,  which  foon  recover’d  him. 

How  much  an  alteration,  produced  in  the  body  by  ficknefs,  may  difpole  it 
to  receive  impreflions  from  what  would  not,  otherwife,  much  affedt  it,  may  be 
guefs’d  from  the  effedts  of  cold  liquors  thereon,  when  it  is  only  heated : a man, 
in  perfedl  health,  who  ufually  drinks  his  liquors  cold,  may,  at  that  time,  by 
a draught  of  cold  water,  or  beer,  be  fuddenly  caft  into  fuch  dangerous  diftem- 
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pers,  as,  did  not  daily  experience  convince  us,  we  fhou’d  think  impofiible  to 
be,  thereby,  occafion’d,  in  a body  free  from  morbid  humours.  Benivenius 
informs  us  of  one,  who,  after  vehement  exercife,  drinking  a glafs  of  very  cold 
water,  immediately,  fell  into  a fwound  and  died  : yet  in  bodies  otherwife  dif- 
pofed,  cold  water  has,  fometimes,  very  good  effects  ; and  I know  fome  hyf- 
terical  ladies  who  find  it  an  excellent  remedy. 

But  the  body  is,  alfo,  as  eafily  alterable  for  the  better.  The  true  mofs  of  a 
human  Ikull,  tho*  experience  will  not  countenance  all  that  the  chymifts  fay  of  it, 
proves  fometimes  a wonderful  ftyptic.  An  eminent  virtuofo,  with  whom  I am 
well  acquainted,  as  alfo  his  phyfician,  allured  me,  he  finds  the  effects  of  this  mofs 
fo  great  upon  himfelf,  that  his  arm  bleeding  again,  when  tied  up  after  phlebo- 
tomy, he  took  a little  of  it  into  his  hand,  and  the  blood  immediately  ceafed  to 
flow ; he,  thrice,  for  experiment’s  fake,  laid  afide  the  mofs,  when,  his  arm  began 
to  bleed  again but  upon  refuming  thereof,  it,  each  time,  prefently,  (topp’d.  The 
fume  of  burnt  feathers,  or  tobacco,  blown  into  the  face  of  hyfterical  women,  as 
fuddenly  relieves  them  from  their  fits,  as  perfumes  occafion  them.  A friend  of 
mine,  a perfon  of  great  veracity,  profefies,  he  has  cured  dyfenteries,  by  fumi- 
gating the  anus,  and  parts  adjacent,  with  ginger,  thrown  upon  hot  embers,  and 
receiv’d  in  a convenient  pofture,  as  long  as  poflible,  without  too  great  faintnefs : 
but  a mafter  of  chymical  fecrets  prefers  for  this  purpofe  hart’s-horn  fhavings. 
But  if  the  heat,  in  this  cafe,  contributes  to  the  effeCt,  we  may  reafonably  fuppofe, 
that  cures  are  performable  by  particles  more  minute  than  thofe  of  fmoke,  And, 
indeed,  I know  a dextrous  goldfmith,  who,  when  he  over-heats  himfelf,  is  fub- 
jedt  to  the  gripes  ; which  he,  ufually,  remedies  by  fitting,  for  fome  time,  upon  a 
heated  anvil.  Some  find  more  relief  in  the  colic  from  the  fmoke  of  tobacco  re- 
ceiv’d glyfler-wife,  than  by  any  other  phyfic  and,  to  my  knowledge,  fome 
wealthy  perfons,  relying  hereon,  never  employ  a phyfician  for  this  diftemper. 
And  confidering  what  a fubftance  even  common  foot  is, that  many  things,by  be- 
ing refolved  into  fmoke,  are  more  open’d  than  they  wou’d  be  in  the  ftomach  ; 
that,  by  this  means,the  operations  of  the  many  emetic  and  cathartic  fimples  may 
be  heighten’d  ^ and  that,  probably,  fome  fumes  and  odours  are  more  powerful 
for  not  palling  thro’  the  mouth-,  thefe  things  confider’d,  I fay,  incline  me  to 
think  fome  farther  ufe  might  be  made  hereof.  Not  to  mention,  again,  the  great 
virtues  of  fuphureous  fmoke  to  prefer ve  liquors  ; and  that  both  Paracelfus  and 
Helmont, highly  extol,  as  a fpecific,the  warts  that  grow  on  horfes  legs,  againft  the 
fits  of  the  mother;  I lately  met  with  a curious  and  intelligent  perfon,  who  affured 
me,  he  was,  by  the  feurvy  and  obftinate  ulcers,  brought  exceeding  low,  and  hav- 
ing, in  vain,  upon  that  account,  undergone  feveral  tedious  courfes  of  phyfic,  he 
refolved  againft  them  for  the  future  but  lighting  on  a chirurgeon  who  had  per- 
form’d many  extraordinary  cures,  by  a method  no  way  troublefome,  he  fubmit- 
ted  thereto,  and  was  foon  cured.  His  method  was  to  fumigate  the  patient  very 
well,  every  morning,  with  a powder  that  appear’d  of  a vegetable  fubftance.  But 
as  to  the  efficacy  of  fumes  ; I have,  more  than  once,  recover’d  a young  lady  from 
ftrange  fits,  that  we  judg’d  epileptic,  by  the  feent  of  a little  vial  fill’d  with  recti- 
fied fpirit  of  fal-armoniac,  or  hart’s-horn.  And  another  lady,  who,  tho*  fhe  has 
long  been  fubjeCt  to  violent  and  lafting  fits  of  the  head-ach,  which  was,  greatly, 
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increafed  by  a violent  concuflion,  from  the  overturning  of  a coach  ; yet  finds 
prefent  relief  by  holding  her  head  over  a ftrong  decodtion  of  tea,  and  breath- 
ing the  fleams  thereof.  But  there’s  one  thing  that  feems,  by  no  means,  fuf- 
ficiently  attended  to,  in  Europe ; I mean,  the  conftant  and  hidden  ceafing  of 
the  plague,  how  violent  foever,  in  that  vaftly  populous  city  Grand  Cairo , to- 
wards the  latter  end  otjune  ; when,  in  our  hemifphere,  it,  ufually,  fpreads  the 
fafteft.  The  truth  of  this  is  attefted  by  travellers  of  different  nations,  as  well  as 
Profper  Alpinus,  an  excellent  phyfician,  who  fpent  many  years  in  that  country, 
and  gives  this  account  of  the  matter.  “ The  plague,”  fays  he,  “ begins  in  Cairo9 
“ and  all  the  parts  of  Egypt , with  September , and  continues  till  June ; in  all  the 
<c  intermediate  months  ’tis  communicated  to  them,  by  contagion,  from  abroad : 
<c  but  in  the  month  of  June , let  the  diflemper  there,  rage  ever  fo  feverely,asfoon 
“ as  ever  the  fun  enters  Cancer , it,  perfedtly,  ceafes ; and  what  is  very  fur* 
<c  prizing,  all  manner  of  goods  that  were  infedled  thereby,  become  innocent 
cc  thro’  the  whole  nation,  and  every  thing  grows  calm  and  well ; only  fpora- 
46  die  difeafes,  then,  fpring  up,  which  no  where  appear  while  the  plague  rages.** 
And  this  ftrange  effect  he  wholly  attributes  to  an  alteration  in  the  air.  I de- 
fire this  inftance  may  be  the  more  particularly  confider’d,  becaufe  it  greatly 
confirms  and  illuftrates  what  we  have  already  laid  concerning  the  pofiibility  of 
nature’s  curing  difeafes,  without  the  help  of  grofs  and  fenfible  evacuations. 

We  may  farther  obferve,  that  the  human  body  is  alterable,  both  for  the  better 
and  worfe,  by  grofs  or  mere  mechanical  motions.  Perfons  are,  often,  recover’d 
from  fits  or  fwounding  by  bare  pinching.  I,  who  have  gone  thro’  great  and 
dangerous  fits  of  ficknefs,  fcarce  ever  found  any  more  violent, for  the  time,  than 
that  occafion’d  by  the  motion  and  feent  of  a fhip,  together  with  the  air  at  fea, 
before  I was  ufed  to  navigation  ; and  yet  this  violent  illnefs,  as  it  was  caufed  by 
no  peccant  humour  in  the  body, was  quickly  removed  by  aquietfhoreand  change 
of  air:  and  the  like  is,fometimes,  obfervable  upon  riding  in  a coach  ; which  is 
foon  reliev’d  by  a ceffation  of  the  motion  thereof.  We  fee,  in  our  ftables,  what 
effect  the  curry-comb  has  upon  horfes.  Helmont  fays,  he  could  tell,  by  the  tafte 
of  the  milk,  whether  the  afs  that  gave  it  had  been  curried  that  day  : but  fuch 
an  alteration  feems  to  argue  a greater  in  the  blood  and  other  principal  parts  of 
the  body.  Pifo  informs  us,  that  the  illiterate  Brazilian  empirics  perform  fur- 
prizing  things  both  in  the  prefervation  of  health,  and  the  cure  of  many  dif- 
eafes, by  their  fridbions  in  chronical,  and  unguents  in  acute  cafes.  And  as  Galen 
commends  a proper  application  of  cupping-glaffes  in  the  colic;  fo  in  Brazil 
they  find  them  very  fuccefsful  therein  ; being  chiefly  fixed,  according  to  Pifo> 
on  the  region  of  the  liver.  The  horrid  fymptoms  confequent  upon  the  bite  of  a 
Tarantula,  give  way  to  nothing  fo  well  as  mufic,  which,  by  fome  means  or  other, 
caufes  the  patient  to  leap,  dance,  and  fweat,  till  he  breathes  out  the  virulent  mat- 
ter, that  feems  fitted  for  expulfion,  thro*  a change  wrought  either  upon  this,  or 
the  blood,  by  the  mufic ; for  fudorifics  andexercife,  without  mufic,  arefo  far  from 
effecting  the  cure,  that,  as  Kircber  informs  us,  the  magiftrates  of  Apulia  allow 
public  falaries  for  muficians,  who  play  to  the  poor  upon  this  occafion.  The 
fame  author  gives  us  a remarkable  (lory  of  a nobleman,  who  languifhing  under 
a diftemper,  not  fufpedted  to  proceed  from  the  bite  of  a T arantula , ’till  he  feem’d 
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near  the  point  of  death,  was,  at  length, fuddenly  reliev’d,  and  gradually  recover’d, 
by  mufic.  And  Epiphanins  Ferdinandus , Mathiolus, and  others,  have  the  like  re- 
lations. Now,  that  a found  may  powerfully  operate  upon  the  blood  and  fpirits, 

I my  felf,  who  delight  in  mufic,  have  often  obferved,  upon  hearing  certain 
notes.  This,  alfo,  feems  probable,  from  the  effeCt  which,  as  we  formerly  faid, 
a grating  noife  has  upon  the  teeth  and  gums  •,  and  by  the  dancing  fie  in  the 
prefent  cafe,  whereto  it  is  only  a particular  tune  that  excites.  Nay,  Kircher 
farther  affirms,  that  the  Tarantula  themfelves,  as  well  as  the  Tararitati , may  be 
made  to  dance,  by  tunes  fuited  to  their  conftitutions.  Epiphanins  Ferdinandus , 
alfo,  agrees  herein,  and  tells  us  of  a man  ninety  four  years  old,  and  render’d 
fo  weak,  that  he  cou’d  hardly  walk  with  the  help  of  a ftaff,  who,  bei  ng  bitten 
by  a Tarantula , immediately,  at  the  found  of  mufic,  fell  to  dancing  and  caper- 
ing like  a kid.  He  adds,  that  not  only  men,  in  whom  much  may  be  attributed 
to  fancy,  but  other  animals  do  the  fame;  and  inftances  in  a wafp,  which  he  faw 
dance  to  mufic,  together  with  the  Tarantula  that  bit  him;  and  alfo  in  a cock. 

Peculiarities  of  But,  moreover,  there  are  many  ftrange  peculiarities  in  fome  perfons,  both  in 

4pnJlitutions.  fteknefs  and  jn  health.  Thefe  differences,  indeed,  between  healthy  men,  may 
not  be  greater  than  that  obfervable  in  the  fame  perfon,  between  a found  and  a di- 
ftemper’dftate ; yet  we,  frequently,  fee,  that  fome  bodies  are  fo  framed,  as  to 
beftrangely  diforder’dby  fuch  things  as  either  not  at  all, or  elfe  differently  affeCt 
thofe  of  others.  Thus,  ’tis  common  for  men  to  exprefs  great  uneafinefs,  and 
fall  into  fits  of  trembling,  at  the  fight  of  a cat.  This  was  the  cafe  of  the  late 
gallant  and  noble  Earl  of  Barrymore , who  had  the  like  averfion  totanfey.  And 
I my  felf  cannot  behold  a fpider  near  me,  without  a great  commotion  in  my 
blood ; tho’  I never  receiv’d  any  hurt  from  that  creature,  and  have  no  abhor- 
rence of  toads,  vipers,  or  other  venomous  animals.  I alfo  know  an  excellent  lady, 
who  is  remarkable  for  a flrange  antipathy  to  honey.  Her  phyfician  fuppofing 
this,  in  fome  meafure,  imaginary,  mixed  a little  honeyina  remedy  he  applied 
to  a very  flight  fcratch,  fhe  happen’d  to  receive  on  her  foot ; but  he  foon  repent- 
ed of  hiscuriofity,  for  it  caufed  a ftrange  and  unexpected  diforder,  which  ceafed 
upon  the  removal  of  that  medicine,  and  the  application  of  others.  The  fame 
excellent  perfon  complain’d  to  me,that  the  vulgar  peCtoral  remedies  did  her  no 
fervicein  coughs,  wherewith  fhe  was  troubled,  and  which  nothing  reliev’d  but 
either  the  fume  of  amber,  receiv’d  by  a pipe,  with  that  of  proper  herbs,  or,  the 
balfam  of  fulphur.  I know  an  ingenious  gentlewoman,  on  whom  cinnamon, 
which,  generally,  is,  confiderably  aftringentand  ftomachic,  has  a quite  contrary 
effeCt,  and  this  in  a ftrange  degree,  fo  that  having  found  by  two  or  three  acci- 
dental trials,  that  a very  little  cinnamon  feem’d  to  diforder  her  ftomach,  and 
prove  laxative ; fhe, once,  refolvedtofatisfy  her  felf, whether  thefe  difeompofures 
came  by  chance  orno;  and  having  ftrew’d  fome  powder’d  cinnamon  upon  atoaft, 
fhe  eat  it,  and  was  thereby  purged,  for  two  days  together,  with  fuch  violence, 
that  it  caufed  convulfions,  and  a fpafmus,  which  fhe  continues  to  be  troubled 
with,  from  time  to  time,  tho’  ’tis  three  years  fince  fhe  made  the  experiment ; 
as  wasaverr’d  to  me  by  her  husband,  a phyfician  *.  A perfon  of  quality  lately 


* On  the  other  hand,  M.  Lemery  tells  us,  he 
'knew  a chymift,  who  cou’d  eat  Mercurius  dulcis 
as  if  it  were  bread ; and  that  he  has  (een  him 


hew  and  fwallow  down  four,  ounces  at  once, 
dthout  any  fenfible  effed.  Hif . de  l' Academ. 
L,  1699.  p.  69. 

alked 
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afked  me,  whether  he  lhou’d  continue  the  ufe  of  coffee  as  an  emetic  *,  becaufe 
he  had  found  it  operate  very  violently  with  him.  Inquiring,  particularly,  into 
this  odd  effedt,  I found,  that  an  ordinary  wine-glafs  full  of  the  common  liquor, 
coffee,  wou’d,  in  two  hours  time,  vomit  him  more  feverely  than  the  infufcon  of 
Crocus  metallorum , or  other  ufual  emetics  *,  that  this  had  been,  for  feveral  years, 
his  conftant  vomit ; that  fcarce  any  one  was  more  irkfome,  than  this,  of  late, 
grew,  to  take  ; fo  that  the  fcent  of  a coffee- houfe  wou’d  make  him  Tick  •,  and, 
laftly,  that  he  himfelf  had  formerly  ufed  it  long  together  for  the  fumes  which 
offended  his  head,  without  obferving  any  emetic  quality  therein.  The  writings 
of  fober  phyficians  afford  us  many  other  ftrange  inftances  of  this  peculiarity  of 
conftitutions  •,  and  of  fuch  as  have  defired  to  eat  very  extravagant  and  abfurd 
things,  which,  tho’  they,  fometimes,  were  diredtly  contrary  to  their  diftempers, 
have  perform’d  cures  in  defperate  cafes.  And  this  appears  the  more  proba- 
ble from  what  we  frequently  fee  done  by  longing  women,  and  virgins  in  the 
green-ficknefs.  But  now,  if  a human  body  be  fo  framed,  as  to  receive  alterati- 
ons from  fuch  unlikely  things  as  thefe,  why  fhou’d  fpecifics  be  haftily  con- 
demn’d, which,  tho’  they  operate  infenfibly,  come  recommended  by  the  expe- 
rience of  fober  and  credible  perfons  ? That  an  inconfiderable  quantity  of  matter, 
once  admitted  into  the  body,  may  give  a new  and  unnatural  determination  to 
the  motion  of  the  blood,  an  alteration  to  the  texture,  either  of  that,  or  of  fome 
noble  part,  and  as  a little  leaven,  ferment  the  whole  lump,  appears  from  the  ef- 
fects of  poifons,  which  are  not  produced  by  thofe  the  phyficians  call  manifeft: 
qualities.  Mod  writers  upon  poifons,  indeed,  fuppofingmen  wou’d  rather  believe 
than  repeat  their  experiments,  have  deliver’d  many  things  more  ftrange  than 
true  ; yet  the  known  effe&s  of  a little  opium,  or  arfenic,  the  fcarce  difcernible 
virus  emitted  by  the  viper,  and  the  fmall  quantity  of  the  faliva  of  a mad  dog, 
lefs  than  half  a grain  whereof  willdeftroy  an  ox,  abundantly  illuftrate  and  con- 
firm all  we  have  deliver’d,  upon  the  head  of  fpecifics.  And  that  a morbid  bo- 
dy may  be,  fometimes,  cured  with  as  fmall  a matter  as  wou’d  diforder  a found 
one,  is  manifeft  from  that  experiment,  common  in  Italy  and  elfewhere,  of  cur- 
ing the  venomous  bite  of  a fcorpion,  by  anointing  the  tumid  part  with  com- 
mon oil,  wherein  live  fcorpions  have  been  fteep’d.  Pifo  tells  us,  that  he  law 
an  huge  over-grown  toad,  fwell’d  with  poifon,  and  defperately  venomous,  that 
was  prefently  kill’d,  by  a Brazilian,  only  with  dropping  on  his  back,  the  juice 
of  the  plant  Nhanby.  He  farther  declares,  that  an  infufion  of  the  roo t joborandi 
refcu’d,  to  his  knowledge,  many  from  imminent  death,  who  had  eaten  feveral 
forts  of  poifon  ; and  this,  after  the  whole  tribe  of  European  alexipharmics  had 
proved unfuccefsful.  It  may  here  be  objected,  that  my  inftances  only  reach  to 
poifons,  and  their  antidotes,  not  to  difeafes,  and  their  fpecifics.  I anfwer,  firft, 
that  phyficians  treat  thefe  as  diftempers,  and  that  they,  really,  arefo  ; but  heigh- 
ten’d by  a virulent  malignity,  which  is  not  eafily  diftinguifhable  from  them ; as 
appears  by  the  frequent  difputes  of  phyficians,  whether  or  no  their  patients  died 
of  poifon.  Some  of  the  Brazilians , indeed,  according  to  Pifo , are  fo  dextrous  in 
mixing  their  poifons,  as  to  prevent  the  pernicious  effects  thereof,  for  along  time, 
after  they  are  taken:  but  then,  their  quantity  is  fo  fmall,  in  comparifon  of  the 
morbific  matter  of  furfeits,  or  other  fimilar  difeafes,  their  fymptopis  fo  dreadful. 
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and  confequences  fo  definitive,  that  the  cure  hereof  belt  ferves  to  fhew  how 
powerfully  nature  may  be  affifted  by  remedies,  whofe  operation  is  infenfible. 
Secondly,  there  are  many  paffages  in  the  preceding  difcourfe,  as,  particularly, 
where  mention  is  made  of  the  cure  of  agues,  the  rickets,  and  the  king’s-evil, 
which  fhew,  that  common  difeafes,  alfo,  are  curable  by  fpecifics. 

But  fuppofe,  fay  you,  a recommended  fpecific  ihou’d  appear  not  only  unable 
to  cure,  but  likely  to  augment  the  difeafe  ? Why  then,  we  mull  confider,  ’tis 
better  for  the  patient  to  be  cured  by  ralh  and  imprudent  means,  than  be  fuller’d 
to  die  according  to  art  *,  and  that  the  phyfician,  who  lofes  his  patient,  after  hav- 
ing long  ftruggled  tofave  him,  deferves  more  commendation  than  he  who  Ihou’d 
chance  to  cure  one  by  an  irrational  method.  The  phyfician  ought,  therefore,  to 
be  well  fatisfied  of  the  ground  he  goes  on,  before  he  ventures  upon  fuch  a re- 
medy, efpecially,  if  he  has  not  tried  the  more  ordinary  and  unfuipe6ted  means, 
and  found  them  ineffe£lual ; for  ’tis  not  one  lucky  cure  that  will  recommend  a 
remedy  to  a wary  phyfician,  when  the  dangerous  quality  thereof feems  obvious, 
and  its  virtues  are  only  known  by  report.  But  then,  if  a phyfician  be  well 
allured  of  the  efficacy  of  fuch  a remedy,  by  a variety  of  trials,  he  may,  furely, 
without  ralhnefs,  make  ufe  of  it,  at  leafl,  where  ordinary  medicines  have  failed. 

Many  reafons  might  be  produced  to  enforce  this  pradlice.  And,  firft,  the 
true  nature  and  caufes  of  feveral  difeafes,  are  more  unknown  to  phyficians,  than 
is  generally  thought ; nor  is  the  particular  method  of  cure,  thereon  depending, 
more  fettled  among  them.  The  generality  of  phyficians,  I fear,  are  guided  by 
narrow  fcholaftic  principles,  not  by  nature : nor  have  they,  once,  well  enumera- 
ted and  diftinguifh’d  the  feveral  affignable  caufes  for  the  phenomena  of  difeafes  *, 
or  told  us,  by  how  many  different  ways  they,  and  their  fymptoms,  may  be  re- 
moved. If  this  were  analytically  and  carefully  done,  I doubt  not  but  men’s 
knowledge  in  phyfic,  would  be  more  extend ve,  and  effedtual,  than  it  is  at 
prefent  *,  and  we  lhould,  then,  find  many  probable  and  promifing  methods  of 
cure,  which  are  now  overlook’d.  A phyfician,  indeed,  is,  in  a due  fenfe,  the 
fervant  of  nature  •,  yet,  fuch  kind  of  expreffions,  I fufpeft,  has  hinder’d  the  ad- 
vancement of  phyfic,  by  diverting  the  minds  of  men  from  thinking  of  thofe 
methods,  which,  by  powerfully  altering  the  human  machine,  reftifying  the  mo- 
tion and  texture  of  it’s  parts,  and  accuftoming  it  to  proper  courfes  of  the  blood 
and  juices,  and  time  and  methods  of  evacuation,  might  prevent,  or  cure  fome 
ftubborn  difeafes,  more  happily  than  the  vulgar  means.  And,  till  men  have 
a better  knowledge  in  the  principles  of  natural  philofophy,  we  muff  not  ex- 
pe£t  a more  perfect  and  comprehenfive  theory  of  phyfic.  That  the  prefent  prac- 
tice often  proceeds  upon  a falfe  foundation,  might  be  fhewn  in  abundance  of 
inftances  *,  but  I fhall  mention,  at  prefent,  only  the  laft  I met  with.  An  inti- 
mate acquaintance  of  mine,  having  been  many  months  troubled  with  a diffi- 
culty of  breathing,  was  unfuccefsfully  treated  for  it,  by  fome  very  eminent  phy- 
ficians i till,  at  length,  fufpe&ing  ’twas  not  the  lungs,  but  the  nerves  of  the  ad- 
jacent parts,  that  were  affeded,  our  volatile  fait  was  given,  which,  quickly,  re- 
lieved him,  and  he  was,  afterwards  convinced,  that  the  lungs  were  not  in  fault. 

As  the  common  method,  in  fhort,  with  the  theories  founded  thereon,  is,  in 
many  cafes,  fo  difputable,  that  the  fuccefs  of  a remedy  feems  to  be  more  pro- 
bable 
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bable,  than  the  receiv’d  notion  of  fome  difeafes ; it  were  not  amifs,  if  we  con- 
fider’d  the  faying  of  the  old  empirics  in  Celfus  “ We  don’t  fay,  that  a phyfi- 
“ cian  fliou’d  without  reafon  ; or,  that  an  irrational  creature  can  pradife 
“ phyfic:  but  thatconjedural  hypothefes,  about  obfcure  things,  belong  not  to 
cc  it : for  thequeflion  is  not,  what  caufes,  but  what  cures,  a diftemper.”  And, 
as  the  proper  method  is  not  agreed  upon,  in  the  fchools  ; fo  many,  who  are 
perfed  Arrangers  to  them,  by  means  of  fpecifics,  their  own  experience,  and 
common  fenfe,  perform  confiderable  cures.  Pifo  gives  the  following  teftimony 
of  the  utterly  unlearn’d  Brazilian  empirics.  “ The  more  elderly,  and  expe- 
cc  rienc’d,  among  them,  ” fays  he  “ are,  exellently,  (kill’d  in  botany,  and  phar- 
<c  macy  ; by  which  means,  they  eafily  prepare  all  kinds  of  remedies  from  what 
“ they  fintfrin  the  woods  *,  and  thefethey  apply  both  externally,  and  internally, 
“ but  efpecially  in  diftempers  occafion’d  by  poifon,  with  lb  great  fagacity,  that 
it  is  faier  falling  into  their  hands,  than  into  the  hands  of  our  raw  phyficians, 
4C  who  are,  perpetually,  boafting  of  their  education,  and  fecrets.” 

A phyfician,  who  pradifed,  with  great  fuccefs,  in  Dublin , whiift  new  and 
violent  fevers  raged  there,  whereof  multitudes  died,  and  very  few  recover’d  ; 
happily  hit  upon  a method  that  proved  very  profperous  *,  whereof  he  gave  me 
the  following  account  by  letter : which  may,  perhaps,  afford  good  hints  towards 
the  cure  of  fome  other  ill-conditioned  fevers. 

Dublin y Feb . 27.  1682. 

“ T Have  employ’d  Ens  Veneris,  for  the  removal  of  a Subfultus  Fendinum,  in 
“ X a perfon  dangeroufly  fick  of  a Febris  Petechialis , ( a difeafe  fatal  to  very 
“ many,  here,  for  thefe  twelve  or  fourteen  months ;)  and  found  that  it  anfwer’d 
“ my  hopes,  in  three  or  four  hours  after  I gave  it  in  conferve  of  borage  flowers. 

“ I have  thought  of  a method  of  curing  the  aforefaid  fever,  which  has  not 
■“  once  fail’d  me  •,  tho’  I made  ufe  of  it  for  fixteen  or  eighteen  feveral  perfons 
“ many  of  which,  would,  certainly,  havedied,iftreated,aftertheufual  manner, 
“ in  this  cafe.  When  firfl:  I come  to  any  fick  of  this  difeafe,  if  I find  them 
“ coftive,  (as,  generally,  they  are,)  I prefcribe  a glyfter,  and,  after  that,  a large 
“ blifteringplaifter,  between  the  lhoulders  ; the  blifter  being  well  rais’d,  and 
“ carefully  drefs’d,  (tripping  off  the  cuticula,  continues  running  till  the  fever  is 
“ gone  off  j whichhappens,  moftcommonly,  in  ten  or  twelve  days,  ifthey  have 
“ not  kept  up  too  long  with  it ; for  then  we  cannot,  certainly,  foretel  the  time 
“ of  the  fever’s  declination.  For  the  whole  time,  till  the  going  off  of  the  fever, 
“ I prefcribe  emulfions  of  Aq.  Aronis.  Card.  Bened.  Citrij  totius , & Syr.  Gra 
“ natorum , cum  Aceto  •,  I allow  of  orange,  and  butter-milk  pofifets,  of  roafted 
“ apples,  flummery,  or  any  other  light,  and  cooling  thing,  they  call  for. 

“ By  this  method,  I keep  the  Genus  Nervofum , and  brain,  from  being  af  - 
“ fedted,  and,  confequently,  fecure  my  patients  •,  for,  as  many  as  I have  ever 
“ known  of  them  die,  in  this  difeafe,  died  of  a diforder  of  thofe  parts.  I.  do 
“ not  tiefet  the  bliftering  plaifters,  till  I find  my  patients  delirious,  lethargic. 
“ convulfive,  or  otherwife  affe&ed  in  their  heads,  and  nerves  •,  finding,  by  the 
“ experience  of  others,  that,  then,  they,  moll  commonly  prove  ineftechfal,  be- 
Vot.  I.  O “ caufe 
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kX  caufe  of  fome  morbific  matter  too  deeply  lodg’d  in  thefe  parts.  I do  notpre- 
v4  fcribe,except  upon  fome  extraordinary  occafions,any  volatile  falts,  or  fpirits, 

44  or  any  thing  too  apt  to  quicken  the  circulation  of  the  blood,  which  is  already- 
44  too  great  ; having,  experimentally,  learn’d,  that  by  thefe,  often  us’d,  the  brain, 

44  and  nerves,  become,  fooner  than  ordinary,  affe&ed  ; for,  they  deeply  infr- 
44  nuate  themfelves,  and  drive,  with  them,  fome  morbific  matter  into  the  brain, 

44  and  nerves.  I find  bleeding  bad  ; being  generally  fatal.  If  I doubt  of  the  re  - 
44  covery  of  any  of  my  patients,  in  this  difeafe,  ’tis,  only,  when  I find  they 
44  have  been  let  blood,,  or  lain  for  eight  or  nine  days  before  I come  to  them  ; 

44  tho’  I have  recover’d  even  perfons.  in  thofe  circumflances.  ” 

Secondly,  there  are  many  medicines  endow’d  with  a quality, apt  to  encreafe  the 
difeafe  w herein  they  are  prefcribed,  whofe  ufe  is  yet  approved  of  by  the  mofljudi- 
cious  phy  ficians,,becaufe  they  polfefs  others  which  produce  fuperior  good  effedts. 
Thus,  in  a malignant  fever,  Venice-tr.eacle^^  other  hot fudorifics,- are  order’d,, 
fince  they  relieve  the  patient  more,  by  fome  other  means,  than  an  encreafe  of 
heat,  for  a feafon,  can  prejudice  him.  Bontius , for  the  fpafmus,  which  he  reckons 
endemialin  the  Eafi- Indie  mends  the  ufe  of  Quercetan's  Laudanum^of  Ph:** 

Ionium  particularly,  of  an  extradt  of  opium,  and  faffron  ; and, to  prevent  any 

prejudice  againft  the  ufe  hereof,  headds,..  that,  an  unexperienced  practitioner 
**  might,  here,  refufe  to  prefcribe  thefe  medicines,  becaufe  of  the  fuppofed  be- 
44  numbing  quality  of  the  opium;  but  the  exceffive  heat  of  the  climate, ’’fays  he,. 
44  requires  it ; and,  befides,  we  find  it  the  only  cure,  in  this  cafe.  But, opium, in 
44  thefe  parts,  is  fo  prepared,  that  it  may,  fafely,  be  given  to  infants  * and,  then, 

44  ’tis  fo  ufeful,  that,  tho’  it  may- feem  furprizing,  we  can  do  nothing  in  hot 
44  difeafes  without  it.  ” The  ufe  ofcold  water  is,  commonly,  forbid  inadropfy  ; 
yet  the  Spaw  is  famed  for  curing  that  difiemper.  And,  I know  a perfon  of 
great  quality,  who,  in  a cafe  complicated  with  this,  in  a great  degree,  being 
thought  incurable  by  her  phyfician,  furprizingly  recover’d  upon  drinking  the 
water  of  Tunbridge.  So  hot  a wood  as  guaiacum,  is, I believe, generally  thought 
a dangerous  medicine  in  a phthifis  ; yet  fome  eminent  phyficians,  and,  particu- 
larly the  Spanijk , relate  wonderful  cures,  perform’d  by  the  continued  ufe  of  a 
decoction  thereof,  in  defperate  ulcers  of  the  lungs.  And  a very  learned  phy- 
fician  of  my  acquaintance,  confirms  this  to  me,  from  his  own  experience, 
in  confumptions.  Mercury  is  thought  prejudicial  to  the  nerves, and  brain  ; yet, 
one  of  the  happieft  phyficians  Pknow,  owns,  that  he,  very  fuccefsfully,  ufes 
preparations  thereof  in  the  paify,  and  frmilar  cafes.  And,  I remember  a gentle- 
woman, confin’d  to  her  bed,  with  the  paify  on  one  fide,  upon  taking  a dofe  of 
a mercurial  preparation,  corrected  with  gold,  whichlgaveher  eminentphyfi- 
cian,  for  that  purpofe,  tho’it  only  purged  her  gently,  wasenabled,  the  day  fol- 
lowing, to  walk  about  the  room; 

Thirdly,  many  things  that  feem,  when  firft  purpofed,  to  be  contrary  to  rea- 
jfoii,  are,  afterwards,’found  very  confident  therewith.  There  are,fome  lubftan- 
ces,  which,  tho’  they  appear  ftmilar,  or  homogeneal,  are  endow’d  with  diffe- 
rent, or  contrary,  qualities;  as  we  fee,  not  only’from  a chymical  analyfis  of 
bodies ; but,- alfo,  .where  no  fire  is  appli^-  Thus*  rhubarb,- being  taken  infub- 
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ftance,  the  fubtile  part  thereof  proves  purgative,  and  the  terreftrial  aftringent. 
Nay,  if  the  parts,  which  have  the  leaft  fhare  in  the  conftitution  of  the  whole 
concrete,  happen  to  meet  with  a body  difpofed  to  receive  their  impreftions ; 
’tis  very  pofiible,  they  may  operate  more  ftrongly  thereon,  than  thofe  whereof 
the  eye  judges  it  altogether  to  confift.  And  this  I have  made  appear,  by  fhew- 
ing,  that  fallet-oil,  which  is  thought  to  confift  of  fat,  and  unatious  particles, 
contains,  alfo,  fome  that  are  fharp  and  corrofive,  which,  happening  on  a pro- 
per fubjeft,  operate  more  powerfully  than  the  former.  For,  keeping  fomc 
pure  olive-oil,  a fmall  time,  upon  filings  of  crude  copper,  in  a gentle  heat,  the 
liquor  extracted  a high  tincture,  between  green  and  blue ; which,  therefore,  dif- 
fol  ved  fome  part  of  the  copper  *,  as  farther  appears,  from  the  recoverablenefs 
of  the  metal  out  of  it.  But  to  proceed  an  ingenious  chymift,  whom  I advifed 
to  bleed  for  apleurify,  which  he  refufed  to  do,  cured  himfelf,  onlyhy  Helmont's 
laudanum,  in  two  or  three  days : and  by  this  means,  he,  alfo,  fmce  that  time, 
cured  fome  others,  without  phlebotomy.  I am  the  lefs  ftirpriz’d  hereat,  be- 
caufe  I have  found,  that,  opium,  duly  corre&ed,  is  a great  refolver,  and,  fome- 
times,  proves  fudorific  : nay,  I,  once,  knew  it  do  fo,  when  other  medicines,  of 
that  intention,  fail’d.  I have  known  coughs  ftrangely  abated  by  a very  faline 
medicine-,  wherewith,  I,  in  a few  hours,  reliev’d  a child,  who  by  the  violence 
of  one,  ieem  threaten’d  with  fpeedy  death  and,  yet,  many  phyficians  con- 
demn all  fait  things,  in  this  cafe.  And,  from  the  vehemently  pungent  fpirit  of 
human  blood,  I have  known,  notwithftanding  its  very  faline,  and  heating  qua- 
lity, ftrange effects,  even  in  a deplorable,  and  hereditary  confumption.  But, 
what  feems  more  furprizing,  a very  ancient  Gaienift , efteem’d  as  an  oracle, 
especially  in  pulmonic  confumptions,  which  were  common  in  his  country, 
having  ufed  various  means  to  cure  them,  both  in  himfelf  and  others,  confefled, 
he  found  nothing  fo  effedlual  as  fulphur  melted,  and  mixed  with  amber,  and 
a cephalic  plant,  as  betony,  to  allay  thepungency  of  the  fulphur,  and  fo  fmoked 
like  tobacco.  The  fulphur,  however, was  fo  predominant,  that  he  kept  a fyrup 
in  readinefs,  to  heal  the  forenefs  it  might  occafion  in  the  mouth.  And,  with 
the  fame  remedy,  a very  curious  perfon  folemnly  afiured  me,  he  had  cured 
many  confumptions,  particularly  once  in  a lady,  whom,  even  in  health,  I 
knew  to  be  very  lean.  Now,  phyficians,  generally,  forbid  the  ufe  of  acids, 
when  the  lungs  are  ulcerated,  or  tender-,  and,  yet,  the  fume  of  fulphur  is  what 
condenfes  into  that  highly  corrofive  liquor,  called  Oleum  fulphur  is  per  campa- 
7iamy  which  will,  readily  diflolve  iron.  From  hence  it  appears,  either,  that  the 
theory  of  confumptions  it  mifunderftood  ; or,  that  the  balfamic  quality  of 
the  fulphureous  fteam,  is  great  enough  to  prevent  the  ill  effects  of  its  acidity. 
The  dried  livers,  and  galls,  of  eels,  which  are,  ufually,  remarked  for  nothing 
but  their  crudity,  have,  if  we  credit  Helmont^  prevented  multitudes  of  women 
from  dying  of  a hard  labour.  Panarola , alfo  commends  them  for  the  fame 
purpofe  •,  and,  [ knew  a famous  empiric,  who  got  much  reputation,  and  mo- 
ney, by  felling  this  as  a fecret.  I my  felf,  alfo,  gave  it  to  the  wife  of  an  inge- 
nious phyfician,  when  he,  and  the  mid  wives,  had  almoft  defpair’d  of  her ; 
and,  as  fhe,  afterwards,  told  me,  each  dofe  made  her  throws,  which  before  had 
left  her,  return  ; and  that,  at  length,  fhe  was  deliver’d,  fhe  fcarce  knew  how. 
But,  I,  here,  found  the  quantity  of  a walnut  of  the  powder,  which  is  double 
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to  that  of  Belmont , neceffary  for  a dofe,  in  rhenifh,  or  white- wine,  upon  an 
empty  flomach..'  ” 

Did  not  experience  affure  us  of  the  contrary,  one  wou’d  think,  that,  to  fuffo- 
cate  fcorpions  in  oil,  fhou’d  make  it  venomous ; which,  yet,  is  the  cure  of  their 
poifon  : an  effedl,  now  the  phyficians  find  it  true,  they  pretend  to  account  for. 
The  flux  is  endemial  in  Ireland ; but,  confulting  an.ancient  and  experienced 
phyflcian,  there,  concerning  it’s  cure  ; he  allured  me,  he  found  nothing  more 
effectual,  than  frefh  butter,  melted,  purified,  and  given  in  a large  quantity ; 
which  feems  more  apt  to  caufe,  than  cure,  that  diftemper.  And  another  an- 
cient phyflcian,  there,  afterwards,  greatly  commended  it  to  me,  in  the  fame  cafe  „ 

I fhou’d  no  longer  infill  upon  the  recommendation  of  fpecifics,  did  1 not  find* 
at  every  turn,  that  learned  men,  and,  efpecially,  a famous  foreign  univerfity,  re- 
je£l  them,  for  not  knowing  the  manner  of  their  operation  j believing  it  abfo- 
lutely  improbable,that  a medicine  which  mull  pais  thro’  feveral  digeflions,  and 
circulate  with  the  blood,  Ihou’d  negleftfome,  and  befriend  other  parts  of  the  bo- 
dy. To  this  objection  I wou’d  offer  two  things.  And,  firll,  I demand  of  thefe 
gentlemen,  an  intelligible  explanation  of  the  manner  wherein  the  common  me- 
dicaments operate  •,  as  how  rhubarb  purges  choler,  and  hellebore  melancholy,  ra- 
ther than  other  humours  •,  how  Antimonium  diaphoreticum , and  Bezoarticum  mi- 
ner ale  ^ after  having  long  endured  the  fire,  come  to  be  fudorific  •,  how  the  in- 
fulions  of  Crocus  metallorura^ndi  glafs  of  antimony,  tho’  they  have  no  manifeft 
power  to  vellicate  the  tongue  or  palat,  are  both,  violently  emetic  and  cathartic ; 
and,  laftly,  how  mercury,  which,  in  many  cafes,  is  given,  with  fafety,  to  wo- 
men iu  labour,  &c.  befides  having  many  other  abllrufe,  medicinal  qualities, 
becomes  not  only  emetic  and  cathartic*  but  alfo  falivates  ?'  For  I mull  confefs, 
that  many  of  the  vulgar  operations  of  common  drugs  feem  not  to  me,  fatisfac- 
torily  explain’d  by  phyficians,  who  even  are  at  a lofs,  in  accounting  for  the 
effedls  of  diuretics,  fudorifics,  narcotics,  and  many  other  familiar  medicines, 
which,  thofe  who  consider  them  only  fuperficially,  think  they  underlland.  Nay, 

I greatly  quellion,  whether  the  generality  of  phyficians  can,  yet,,  give  a fatif- 
fadtory  reafon  why  any  fort  of  medicine  purges  in  general.  But  he  who  will 
ihew  me  where  either  the  Galenifis  oxPeripatetics  have,  clearly,  made  out  why 
rhubarb  purges  choler,  and  fena  phlegm,  exit  mihi  magnus  Apollo  •,  for  I cannot 
conceive  how  their  narrow  and  barren  principles  Ihou’d  do  it.  And  the  only 
reafon,  that  I can  find,  why  phyficians,  who  are  ignorant  of  mechanical  phi- 
iofophy,  think  they  know  fuch  things,  is,  becaufe  they  never,  attentively,  en- 
quired about  them.  Secondly,  a due  application  of  mechanical  philofophy 
will,  perhaps,  moreeafily  fliew,  at  leafl  in  general,  that  fpecifics  may  produce  the 
effedts  which  judicious  andexperienced  men  haveafcribed  thereto,  than  the  vul- 
gar principles  can  account  for  the  mod  obvious  and  eafy  operations  of  raedi- 
ci(ne*.  And  tho’  the  objection  urged  to  prove,  that  fpecifics»cann.ot  afiedb  on- 
ly particular  parts,  lies  equally  ftrong  againfl  poifons  proving  noxious  to  par- 
ticular parts  i yet  experience  demonflrates  that  thefe,  adually,  prove  hurtful 
Bo  iorne  parts,  without  equally,  if  at  all,  offending  others.  Thus  cantharides 
apfedt  the  kidneys  and  bladder  j quick- filver,  the  glands  in  the  throat ; Str am- 
monium^ the  brain  y and  opium?  the  nerves  and  animal  fpirits. 

Nqw  if  the  body,  as.  we  have  made  it  appear,  is  a machine,  and.  medicines 
operate  upon  it  accordingly  j’tis  not  ftrange  thereihou’d  be  therein  feveral  ftrain- 
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ersof  different  textures,  with,  perhaps,  local  ferments  in  particular  parts  •,  and, 
the  mafs  of  blood,  continually  flowing  thro*  the  whole,  that  a medicine  fhould 
be  convey’d  fromone  part  to  another,  by  means  thereof,  and,  at  length,  arrive  to 
the  parts  or  humours  which  their  textures,  the  ferment  abovemention’d,  orfome 
other  mechanical  properties,  fitanddifpofetobeoperatedupon,  thereby.  Saline 
and  tartareous  aliment,  whilfl:  circulating  in  the  mafs  of  blood,  may,  thereby,  be 
diluted,  and  kept  afunder,  fo  as  not  to  offend  any  part,  till  it  comes  tobefecreted 
in  the  kidneys,  when,  by  its  pungency,  it  may  wound  the  ureters  and  ten- 
der bladders  of  thofe  affiidted  with  the  (tone:  and  upon  this  account,  perhaps, 
cantharides  only  affedt  the  bladder.  Thus,  alio,  a fpecific  may  by  difpofed  to 
diffolve  in  the  body,  and  either  preferve  or  acquire  a proper  difpofition  for  the 
pores  of  the  kidneys,  liver,  or  other  ftrainer  •,  or  its  particles  may  be  endow’d 
with  a figure  and  motion  fit  for  adhering  to  thofe  of  the  peccant  matter, 

(which,  thro’  their  vehement  agitation,  or  other  offenfive  qualities,  diforder  the 
body,)  and,  by  altering  their  bulk  and  fhape,  give  them  new  and  innocent 
properties.  Another  fpecific  may  diffolve  the  grofs  and  flimy  matter  obftrudting 
the  veins*,  as  I have  obferv’d  thatfpirit  of  hart’s-horn,  which  powerfully  opens 
obftrudtions,  and  refolves  vifeid  phlegm,  in  the  lungs,  will,  alfo,  diffolve,  tho* 
moreflowly,  flowers  of fulphur,  crude  copper,  &c.  Itmay,  alfo,  obtundthe  acid 
fpirit  that  caufes  coagulations  in  the  blood , and  reftoring  this  to  its  fluidity  and  cir- 
culation, prevent  formidable  difeafes  that  arife  from  it, when  fizy.  On  the  contrary, 
the  m inute  parts  of  fome  fpecifics  may  thicken  and  fix  the  too  thin  and  fluid  parts  of 
the  blood,  or  peccant  matter,  by  affociating  themfelves  therewith  *,  as  the  agile 
parts  of  pure  fpirit  of  wine  will  coagulate  with  thofe  of  redtified  fpirit  of  urine, 
and  alfo  with  another  liquor  I make,  into  a kind  of  foft,  butfolid  fubffance; 

Nor  is  it  hard  to  conceive,that  a fpecific  fhou’d  work  upon  one  part  of  the  body,, 
and  not  upon  another.  We  have,  already,,  inftanced  in  vinegar,  which  diffolves 
the  fliell,  and  leaves  the  skin  of  an  egg,  untouch’d  *,  and  if  coral  be  thrown  into 
common  redhfied  fpirit  of  tartar,  the  greater  part  of  that  fluid  will  remain  un- 
alter’d *,  but  acid  particles  will,  immediately,  incorporatetherewith,  and  there- 
by lofe  their  acidity : andthiseffedl,  coral  has  been  obferved  to  produce  in  human- 
bodies,  the  acid  humours  being,  perhaps,  brought,  by  the  blood,  into  the  fto- 
mach  and  guts,  whilfl:  that  remain’d  therein.  But,  in  other  cafes,  the  opera- 
tions of  remedies  may  be  more  hidden,  by  diffuflng  themlelves,  at  once, 
thro’  the  mafs  of  blood,  and  affociating  with,  and  deftroying,  the  acid  par- 
ticles. Thus,  fpirit  of  urine,  put  to  that  of  tartar,  only  coagulates  with,  and 
affedts,  the  acid  therein  contain’d  *,  whilfl:  the  fpirituous,  and  phlegmatic  parts 
remain  as  they  were.  And,  furely,  if  fome  cathartics  purge  eledtively,  as 
our  opponents  affert,  and  fome  antidotes  are  adapted  to  fome  poifons,  as  expe- 
rience manifefts  *,  fpecifics  maybe  allow’d,  to  adt  after  the  fame  peculiar  manner. 

More  examples,  oftheefficacy  of  fpecifics, might  be  here  produced,  but  thefe  mn;m. 
may  fuffice  at  prefen  t *,  efpeeially,.  if  we  confider,  that  as  phytic  owes  its  origin  to  provable  by 
experience,  fo  thofe  who  pradtife  it,  muff  enlarge  and  redtify  their  principles  by  experience, 
the  new  dilcoveries  that  are  made,  either  in  art  or  nature.  The  old  empirics, 
as  we  find  them  fpeak  in  that  excellent  preface  of  Celfus , fully  exprefs  my  fen- 
timents  on  this  head,  “ Thus,”  fay  they,  u phyfic  gain’d  ground,,  by  obferving 
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<c  From  the  recovery  of  fome,  and  the  death  of  others,  what  was  falutary,  and 
“ what  was  n oxious ; and,  after  remedies  were  found,  men  began  to  argue  about 
“them;  for  phyfic  was  not  the  invention  of  reafon.”  And  to  this  purpofe 
Arijiotle  excellently  fays,  “ where  the  fa<5l  is  plain,  tho’  it  appear  improbable, 
“ we  fhou’d  not  rejedt  it;  but  enquire  into  the caufe  thereof.*’  *Tis  true,  credu- 
lity is  of  very  pernicious  confequence  in  a phyfician;  yet  the  world  is  little 
obliged  to  thofe  who,  rigidly,  confine  the  operations  of  nature  to  their  own 
narrow  limits;  without  allowing,  either  themfelves,  or  others,  to  try,  whether 
fuch  things  are  performable,  as  they  never  faw  done,  and  their  common  fchool- 
principles  cannot  account  for.  ’Twou’d  have  feem’d  incredible,  a few  years  a- 
go,  to  thofe  who  were  only  acquainted  with  vegetable  cathartics  and  emetics, 
thatacup,  made  of  a fubftance,  infoluble  by  the  ftomach,  fliou’d,  without  any 
fenfible  diminution  of  its  weight,  communicate  aftrohg  cathartic,  and  emetic, 
quality  to  any  liquor  pour’d  therein ; and,  notwithftanding,difcover  no  altera- 
tion, either  in  its  colour,  feent,  or  taft,  yet,  a flight  preparation  of  antimony, 
with  falt-petre,  or,  flngly  melted  into  glafs,  will  do  this.  And  thus,  alfo,  which 
feems  more  furprizing,  the  common  Crocus  metallorum  is  faid,  in  a fmall  quan- 
tity, to  render  wine  as  ftrongly  emetic,  as  if  a greater  had  been  therein  infufed. 
That  a fixed  ftone,  capable  of  fuftainingthe  heat  of  a reverberatory  fire,  being 
taken  in  the  quantity  of  about  half  a dram,  and  continued  for  fome  days, 
fhou’d  confolidate  broken  bones,  might  feem  impofilble,  were  it  not  well 
known,  that  the  Lapis  offifragus, or,  rather,  Ofteocolla , as  ’tis  defervedly  call’d, 
has  this  property.  Quercetan  relates  fuch  wonderful  cures  done  by  it,  ufed  both 
internally,  and  externally,  in  fradtures,  without  the  ufual  fymptoms,  and  in 
four  or  five  days  time,  that,  he  tells  us,  it  might  feem  incredible,  had  not 
other  proper  perfons  beheld  the  fame,  as  well  as  himfelf : and  well  might  he 
fay  thus,  fince,  as  chirurgeons  obferve,  nature  is,  ufually,  forty  days  in  form- 
ing a callus  in  the  bones.  Matthiolus , Fabricius  Hildanus , and  Sennertus , alfo, 
confirm  this  great  virtue  of  the  fame  medicament ; and  the  latter  tells  us,  that, 
“ in  youth,  and  a good  habit,  itcaufes  the  callus  to  grow  too  fall,  for  which 
“ reafon,  fays  he,  itfhou’d,  only,  be  ufed  in  grown  perfons,  and  not  too  free- 
“ ly.”  And,  that  this  caution  is  juft,  I was,  lately,  convinced,  by  a learned 
phyfician,  who  had  ftudied  the  nature  of  the  ftone,  and  told  me,  that  his  mo- 
ther, having  formerly  broke  her  leg,  fuddenly  occafion’d  an  exorbitant  callus, 
by  taking  too  much  of  it.  He,  who,  before  the  falivating  property  of  mercu- 
ry was  difeover’d,  fliould  have  told  fuch  phyficians  as  our  opponents,  that,  be- 
fides  the  ufual  ways  of  evacuation,  there  was  a fort  of  remedy,  which,  ope- 
rating by  the  filival  glands,  cured  diftempers,  that  were  incurable  by  ordinary 
means,  wou’d,  I queftion  not,  have  been  laugh’d  at ; yet  this  property  is,  now, 
indifputable,  and  has  proved  fo  fuccefsful,  in  venereal  diftempers,  that  I wonder 
thofe  who  fcruple  not  to  ufe  rough  methods  of  cure,  have  not,  yet  applied  it 
in  ulcers  of  the  kidneys,  confumptions,  palfies,  &c*  wherein,  1 am  inclin’d  to 


* This  has,of  late  been,  abundantly,  perform’d 
in  France , where  they  freely  ufe  the  mercurial 
fri&ions  in  fuch  cafes,  and  with  great  fuccefs.  But 
an  exatt  hiitory  of  the  cures,  perform’d  by  mer- 
cury, applied  in  this  manner,  having  never  been 


publilh’d,  the  Englijb  are  morefhy  of  it  than, per- 
haps, they  otherwife  wou’d  be.  However,  we  can 
roduce  inftances,  among  ourfelves,  of  very  ftub- 
orn  and  radicated  cafes, which  have  given  way' to 
mercurial  unctions,  when  other  remedies  had  failed . 
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think,  it  might  prove  as  effectual  efpecially,  if  the  tormenting  fymptoms  of 
the  falivation,  which  are  fcarce  fupportable,  could  be  prevented.  And,  it 
mercury  be  dextroufly  precipitated,  by  a long  and  competent  digeftion,  witfr 
a due  proportion  of  refin’d  gold,  experience  has  inform’d  me,  that  it  lalivates 
with  much  more  eafe  to  the  patient,  than  the  common  mercurial  preparations 
Befides,  I am  inclin’d  to  believe,  from  trials,  which  I have  procur’d  experien- 
ced phyficians  to  make,  both  in  venereal,  and  other,  diftempers,  that  medi- 
cines, wherein  the  quick-filver  is  welt  corrected  by  gold,  may  have  ext raordi- 
naryeffedts.  I cannot,  here,  omit-an  uncommon  cure,  perform’d  with  mei 
cury,  related  to  me,  by  the  chymift  to  the  king  of  France . A perfon  of  quality, 
Monfeignior  dc  Vatteville , who  commanded  a French  regiment  of  S-wifs , had  a 
violent  diftemper  in  his  eyes,  which,  notwithftanding  the  utmoft  endeavours, 
both  of  phyficians  and  chirurgeons,  grew,  in  a few  months,  to  a total  blindnefs;. 
in  this  (late  he  continued  for  many  years,  ’till  hearing. of  a famous  empiric, 

Adrian  Glajfmaker , who  perform’d  ftrange  cures,  with  a certain  powder  ; the 
colonel  went  to  him,  and,  refolving  to  undergo  the  torment  of  his  method,  the 
empiric  undertook  him,  and  order’d  about  a grain  of  his  mercurial  powder,  a 
kind  of  turbith,  made  by  precipitating  quick-filver  with  oil  of  vitriol,  &c.  to  be 
fnuffed  up  each  noftril,  which,  immediately,  operated  in  a violent  manner,  by 
vomit,,  (tool,,  fweat,  urine,  falivation,  and  the  lachrymal  glands,  for  twelve 
hours  together ; caufing,  alfo,  his  head  to  fwell  greatly  j but  within  three  or 
four  days  after  this  fingle  dofe  had  done  working,  the  patient  began  to  re- 
cover his  fight-,  and,  in  a fortnight's  time,  few  better  than  ever,  or,  than  men 
ufually  do.  The  colonel  purchaled  the  receipt  of  the  powder,  and  prefented 
it  to  Monf.  Benoejly  achirurgeon,  who  cured  him  of  a broken  thigh,  when 
others  were  proceeding  to  amputation  ; and  he,,  by  ufing  it,  in  the  feme  man- 
ner, cured  a gentlewoman  of  a cancer  in  her  bread. 

It  will  appear  ftrange  to  fome  perfons,  that,  in  this  whole  difcourfe,  I have  not  Univerfal 
once  touch’d  upon  univerfel  remedies : the  reafon  is,  I am  not  well  fetisfied  a-  remedies. 
bout  their  poffibility.  Yet,  methinks,  we  confine  our  thoughts  too-much,  if 
we  don’t  expect,  that  a.  generous  medicine  fhould  cure  more  than  one  kind  of 
difeafe.  The  theory  of  diftempers  is  not,  yet,  fo  accurate  and  certain,  that  we 
fhould  negledt  the  manifeft,  orpromifing.virtues  of  noble  remedies,  where  we 
cannot  reconcile  them  thereto.  A tranflation  of  the  morbific  matter,  from  one 
part  to  another,  frequently  occafions  different  diforders.  Thus  I have  obferv’d 
the  caufe  of  a cough,  removed  from  the  lungs  to  the  brain,  has  produced  a hid- 
den decay  of  memory,  and  the  reafoning  faculty,  together  with  a partial  palfy. 

It  feems  probable,-  therefore,  that  a medicine,  endow’d  with  proper  qualities, 
may  operate  upon  the  morbific  matter,  wherever  it  can  meet  therewith*  and  fo 
eftedtacure.  It,  alfo,.  frequently  happens,  that  difeafes,  to  appearance,  of  a 


* To  obtain  the  full  virtue  of  mercury,  with- 
out railing  a falivation,  vere  a very  defirable 
thing.  Tlus  is  attempted  by  fome  phyficiansr 
; nd,  pirtif  idarly,  by  thofe  of  Montpellier , in 
the  way  of  frictions,  which  they  apply,  at  fuch 
diftances  of  time,  as  to  prevent  the  rife  of  a 


flux  at  the  mouth.  The  chancellor  of  that  uni- 
veriity,  M . Chicbvyneau,  has  publilh’d  a thefis 
upon  the  fubjedt;  wherein  he,  earnellly,  recom- 
mends the  practice,  and  produces  fome  inftan- 
ces  of  it’s  good  effedts,  from  his  own  experi- 
ence 
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quite  contrary  nature,  proceed  from  the  fame  caufe,  differently  circumftanced ; 
or  that  various  difeafes,  which  feem  original,  are  only  fymptomatic.  Thus  a 
dropfy,  and  a flow  fever,  feem  oppofites  •,  yet  an  expert  phyfician  knows  they 
may,  both,  proceed  from  the  lame  caufe,  and  have  the  fame  cure.  An  ignorant 
phyfician  would  think  the  numerous  fymptoms  in  hyfterical  women,  original 
diftempers;  and  they  have, often  been,unfuccefsfully,treatedaccordingiy;  when 
uterine  medicines  would  allay  them,  all  at  once.  I lately  knew  a pradlitioner, 
who  ufed  the  lame  volatile  lalt  in  dropfies,  and  original  fevers  •,  and  a prepa- 
tion  of  hart’s-horn,  not  much  unlike  it,  has,  by  me,  been- found  equally  fervice- 
able  in  primary  coughs  and  fevers.  And  we  have,  already,  enumerated  various 
remedies, which  prove  effe&ualagainft  difeafes, judg’d, from  the  common  theory, 
to  be  oppofites*,  not  here  to  mention  my  own  obfervations  on  Helmont’s  Lau- 
danum, my  Ens  Veneris , and  the  lady  Kent’s  powder.  Many  diftempers  that 
appear  of  contrary  natures,  are,  if  we  may  credit  Henricus  ab  Heer , yearly  cur’d 
by  the  $paw- water;  and  of  thefe  he  gives  us  a long  detail.  But  after  having 
exprefly  aflerted  thefe  waters  to  have  the  virtues,  both  of  hot  and  cold  mi- 
nerals, and  that  the  fame,  as  well  as  different  patients,  are,  accordingly, 
cured,  both  of  cold  and  hot  difeafes ; he  gives  an  inftance  to  confirm  it. 
“ Thefe  waters,”  fays  he,  cc  among  their  other  good  effects,  are  excellent  to 
<c  bring  down  the  menfes,  as  I have,  a thoufand  times,  experienced  ; and, 
“ yet,  they  reftrain  them,  when  violent,  better  than  any  medicine  whatfo- 
cc  ever.”  And  I,  lately  faw,  at  Tunbridge,  fomething  that  feems  to  counte- 
nance what  this  experienced  author  delivers  of  the  Spaw.  Thus,  then,  we  fee, 
one  potent  remedy  may  cure  feveral,  fuppofed,  contrary  difeafes.  And  it  de- 
ferves  to  be  farther  obferv’d,  that  when  the  receiv’d  practice  fails,  the  tired  and 
deipondent phyfician  fends  his  patient  to  the  wells,  in  hopes  that  a remedy,  pre- 
pared by  nature,  may  do  more  than  thofe  prepared  by  art.  This  obfervation, 
being  well  confider’d,  together  with  the  poflibility  there  is  that  art  may  melio- 
rate and  improve  moil  remedies,  afforded  by  nature,  one  might  dare  to  hope, 
that  medicines  of  greater  efficacy,  may  be  prepared,  and  applied  to  more  cafes, 
than  thofe  who  admire  the  common,  arbitrary  theory  of  difeafes,  and  judge  Of 
remedies  by  what  is  fold  in  apothecaries-fhops,  expedb.  My  defign,  however, 
is  not  to  fubvert  thofe  principles  of  the  methodus  medendi,  wherein  all  phyficians> 
unanimoufly,  agree;  much  lefs  would  I countenance  thofe  bold  empirics,  who, 
without  a competent  knowledge  in  anatomy,  botany,  and  the  hiftory  of  dif- 
eafes, think  receipts,  alone,  can  enable  them  to  cure  difeafes  which  they  don’t 
underfland.  No,  through  the  whole  of  this  difeourfe,  without,  peremptorily 
afferting  any  thing,  I have  barely  reprefented  my  notions,  as  deferving  an  im- 
partial confideration ; fo  that,  in  cafe  they  are  rejected,  it  may  not  be,  before 
the  things  have  had  a fair  trial  and  examination ; but  that,  if  they  happen  to  be 
approved,  they  may  ferve  as  inftances  of  the  ufefulnefs  of  natural  philofophy 
to  phyfic:  and  if  any  thing  I have  faid,  may  conduce  to  that  end,  I fhall 
think  my  time  well  fpent  in  this  ftudy.  Man  is  fo  noble  a creature,  and 
his  health  fo  requifite  to  his  well  being,  and  the  difeharge  of  his  feveral  du- 
ties, that  I wonder  not  the  heathens  aferibed  the  art  of  healing  to  the  gods, 
and  advanced  it’s  happy  profeflors  among  them.  The  principal  end,  for 
1 which  I ftudy  chymiftry,  is  to  relievefome  languiihingpatients  the  more  eafily 
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from  their  ficknefs  •,  for,  certainly,  our  common  remedies  are  very  ineffectual ; 
not  to  mention  the  fatigue  they  occafion  in  taking.  We  daily  meet  with 
too  many,  who,  like  the  woman  in  the  gofpel,  have  “ fuffer’d  many  things 
“ of  many  phyficians,  ” and  fpent  their  whole  fubftance  upon  them,  without 
being  ever  the  better,  but  rather  worfe  ; for  which  reafon,  I efteem  the  in- 
venting and  divulging  ufeful  things  in  phyfic,  and  the  recommending  of  good 
remedies,  among  the  moll  extenfive  acts  of  charity,  whereby  a man  becomes, 
really,  more  ferviceable  to  the  world,  than  by  building  an  hofpital.  What 
numbers  have  owed  their  health  to  mercury;  and,  confequently,  how  many 
more  perfons  are  obliged  to  Carpus , or  whoever  difcover’d  it’s  ufe,  than  have 
recover’d  in  the  largeft  hofpital,  in  the  world  ? 

lam  fenfible,  indeed,  ’tis  reputed  more  fafhionable,  in  young  gentlemen,  to 
get  into  the  army,  and  to  kill  their  fellow  creatures,  than  to  cure  them  ; and 
that  ’tis  thought  a fine  exercife  to  deftroy  the  nobleft  workmanship  of  nature  ; 
but  the  character  of  our  great  mafter  was  “ that  he  went  about  doing  good, 
“ healing  all  manner  of  ficknefs,  and  all  manner  of  difeafes  among  the  pee- 
44  pie;”  which  is  an  employment  worthy  even  the  nobleft  of  his  difciples. 


Part  III. 

Shewing  the  advantages  of  natural  philofophy  to 

human  life. 


SECT.  I. 

I COME  now  to  fhew  how  naturally  philofophy  contributes  to  afford  us  Naturalphilc 
the  neceffaries  and  conveniencies  of  life  ; whereby  our  empire  is  extend- /°M>' tendi  *° 
ed  abroad,  as  a knowledge  in  phyfic,  fecures  us  at  home.  And,  methinks, 
it  appears  highly  probable,  that  good  naturalifts  may  greatly  reform  trade,  ^ 
or  improve  it ; fince,  in  general,  it  depends,  only  upon  a fmall  number  of 
particular  productions  of  nature;  and,  chiefly,  lies  in  the  hands  of  the  illite- 
rate. Thus  for  inftance,the  hufbandman’s  (kill  confifts  in  the  knowledge  of  a 
few  plants  and  animals,  their  relation  to  particular  foils,  and  management, 
with  the  influence  of  the  celeftial  bodies  and  meteors  thereon  ; all  which 
fubjects  fall,  properly,  under  the  cognizance  of  a naturalift.  He,  therefore, 

* ho  has  attentively  confider’d  the  nature  of  generation,  nutrition,  and  accre- 
tion, both  in  plants  and  animals,  and  knows  how  to  vary  an  ufeful  experi- 
ment, fo  as  to  remedy  the  inconveniencies,  or  fupply  the  defects  thereof,  and 
can,  dextroufly,  apply  his  own,  and  others  obfervations,  may  cultivate  hufban- 
dry  to  as  much  advantage  as  the  ordinary  farmer  tills  his  land.  An  attentive 
confideration  of  the  parts  that  conftitute  each  particular  trade,  would  fhew  how 
they  all  depend  upon  philofophy,  and  might  be  farther  improved.  Thus,  the 
principal  parts  of  refining,  are  a knowledge  of  the  preparation  of  Aqua  forlisy 
V o l.  I.  P and 
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and  its  operation  upon  filver,  copper,  and  gold,  with  the  means  to  purge  if, 
that,  neither  gold  may  be  diffoiv’d,  nor  filver  precipitated,  when  diffoiv’d 
thereby  ; to  know  what  proportion  is  diffolvable  therein,  and  the  quantity  of 
water,  neceffary  to  weaken  the  folution  *,  how  long  copper-plates  fhould  lye  to 
precipitate  the  filver  it  contains  5 how  lead  is  colliquated  with,  and  what  pro- 
portion thereof  is  requifite  to  carry  off,  the  bafer  metals  upon  the  tefh how 
cupels  are  made,  and,  with  rhefe,  to  draw  off  lead,  or  antimony,  from  filver, 
or  gold*,  to  difcern  when  the  metal  is,  fufficiently,  refin’d  ^ and,  laftly,  to 
know  the  proper  proportion  of  gold,  and  filver,  to  make  water-gold*.  This 
trade,  indeed,  is  underftood  by  few,  and  not  fo  diffufive  and  complicated  as^ 
hundreds  of  others  : yet,  if  they  all  were  judicioufly  refolv’d  into  their  com- 
ponent parts,  it  would,  doubtlefs,  appear,  that  moft  of  them  are,  only,  corol- 
laries, deduced  from  particular  obfervations  in  philolophy,  or  the  bare  ap- 
plication thereof,  to  the  ufes  of  human  life.  And,  if  fo,  ’tis  very  probable, 
that  farther  difcoveries  in  the  nature  of  the  materials,  the  fubjedts  of  trade, 
and  a knowledge  of  the  laws  they  obferve,  may  reform,  or  meliorate,  feveral 
of  it’s  Branches.  This,  too,  is  performable  by  odd  and  unfufpedted  means  ; 
Land  improve- fo  that,  perhaps,  the  chymift’s  charcoal,  may  prove  an  excellent  equivalent 
able  by  means  for  manure  *,  if  a vegetable  fait,  as  probably  it  is,  be  the  caufe  of  the  land’s  fer- 
ofchymijlry , tility.  For,chymical  experiments  may  difcover  the  nature  hereof,  and,  there- 
buh  ojiaticsy  ky?  afford  ufeful  directions  towards  the  melioration  of  arable,  pafture,  and 
wood-land.  From  the  experiments  I,  myfelf,  have  made  upon  earths,  dungs, 
and  feeds,  whereby ,.  I found,  that  falts  abounded  rn  the  liquors  they  yielded  ; 
I fee  reafon  to  wifh  this  inquiry  were  farther  profecuted,  towards  the  improve- 
ment of  hufbandry.  Whoever  has  obferv’d  thofe  many  particulars  in  this  art, 
which  caufed  Sir  Francis  Bacon  to  pronounce  nitre  to  be  the  life  of  vegetables*,. 

■ and,  eonfiders;  how  land  is  improved  by  pigeon’s  dung,  which  impreg- 
nates it  with  falt-petre*,  and,  laftly,  knows,  that  moft  fat  earths,  defended 
from  the  fun  and  rain,  and  left  to  themfelves,  will,  foon,  abound  in  nitrous 
fait  *,  whoever,  I fay,  confiders  thefe  things,  will,  perhaps,  believe  an  inquiry 
into  the  nature  of  falt-petre,  may  be  of  great  ufe  in  farming.. 

I,  once,  caufed  fome  earth  to  be  dug  up,  from  under  a pigeon-houfe,  and 
diflilling  it,  in  a retort,  little,  or  no  oil,  but  a confiderable  quantity  of  a red- 
difh  li  quor  came  over  *,  fo  far  unlike  fpirit  of  nitre,  that  it  greatly  refembled 
volatile  falts ; for,  without  being  red iiied,  it  not  only  turn’d  fyrup  of  violets 
°reen,  and  precipitated  a folution  of  fublimate,  into  a milky  fubftance  *,  but 
There,  alfo,  came  over,  therewith,  into  the  lower  part  of  the  receiver,  a dry 
fait,  in  tafte  like  the  volatile  kind,  and  fo  far  an  alkali,  that  it  readily  hiffed, 
and  caufed  an  ebullition  in  an  acid  menftruum.  From  hence,  it  feems,  which  is 
highly  remarkable,  that  a fait,  very  different  from  acid,  may  by  the  operation 
of  the  earth  and  air,  be  fo  alter’d  as,  afterwards,  by  a flight  management,  to 
afford  falt-petre,  whofe  fpirit  is  ftrongly  acid.  And  dropping  Aquafortis 
upon  pot-afhes,  diffolv’d  in  a little  fair  water,  ’till  the  ebullition  and  hiffing 

* For  a particular  accourt  of  tbi?  art,  fee  Fhilofophical  Tranfaftions,  N°  138.  p.  953.  and 
U2.  p.  10^6 
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were  perfe&ly  ceafed  ; and,  having  filtredthis  liquor,  and  fet  it  in  an  open 
veil'd  to  evaporate,  with  a gentle  heat  •,  being,  in  two  or  three  days  time,  re- 
moved to  a cold  place,  it  afforded  very  pure  cryftals  of  falt-petre. 

I might  add,  that  the  knowledge  of  the  nature,  and  diftin&ions  of  faline 
bodies,  may,  greatly,  affift,  to  fhcw  the  differences  of  the  various  (altnefs 
that  is  found  in  foils*,  and  with  what  fort  each  plant,  or  feed,  is  moft  delight 
ed.  By  this  means,  many  traCts  of  land,  now  thought  barren,  for  want  of  a 
knowledge  hereof,  might  be  render’d  ufeful.  And  ground  may  be  made  to 
yield  much  better  crops,  than  ufual,  by  being,  fucceffively,  fown  with  a pro- 
per variety  of  feed,  agreeable  to  the  nature  of  the  particular  fait,  at  prefent, 
inherent  in  the  earth  *,  for,  by  the  abfence  of  one  kind  of  fait,  it  is  better  pre- 
pared to  feed  thole  plants  that  delight  in  another.  Andof  this,  the  hufband- 
men  have,  in  fome  meafure,  already  taken  notice  *,  as  appears  by  their  fowing 
turneps,  in  grounds  too  remote  for  the  convenient  carriage  of  compoft,  to 
ferve  for  manure,  and  lit  them  for  wheat.  And,  I am  of  opinion,  that  any 
land,  except  mere  fand,  might,  without  much  culture,  be  made  fertile,  were 
we  but  well  acquainted’ with  the  foil, and  provided  of  the  various  forts  of  grain, 
that  nature  affords,  in  different  countries.  There  are  various  foils,  both  in 
England , and  elfewhere,  left  quite  uncultivated,  wherein  fome  foreign  vege  - 
tables might  thrive  and  profper.  Many  large  tracts  of  fteep  and  craggy  land, 
expofed  to  the  fouthern  fun,  lye  wafte,  infeveral  hot  countries,  where  grapes 
are  not  planted  *,  tho’  in  France , Italy , and,  even  on  the  Alps , fuch  lands  are 
turn’d  into  excellent  vineyards.  An  experienced  way  of  caufing  wheat  to 
grow,  and  profper,  even  in  clay,  where  nograin  had  thriven,  was  communi 
cated  to  me  by  a perfon  who  had  ufed  it : and  the  art  confided  in  deeping  the 
feed,  for  a determin’d  time,  in  a certain  exprefs’d  oil  that  is  not  dear  *,  whence, 
’tis  probable,  that,  without  alteringlKe foil,  a (light  change,  properly  made 
in  the  feed,  alone,  may  fo  fit  them,  for  each  other,  as  to  yield  a large  in  * 
creafe.  I have,  alfo,  fecn,  in  a collection  of  rarities,  an  ear,  or  two,  of  corn, 
not  much  unlike  our  common  wheat,  one  grain  whereof,  in  a warm  country, 
from  whence  this  was  brought,  would  afford  fo  vad  an  increafe,  that  the  pof- 
fefior  was,  almod,  afhamed  to  declare  ; and,  I am  more  afraid  to  repeat  it. 
An  Englijb  gentleman,  however,  affur’d  me,  that  having  fown  fome  of  this 
corn,  in  land  of  his  own,  he  found  a fingle  grain  to  produce  feveral  hun- 
dreds *,  tho’  that  came  nothing  near  what  it  was  faid  to  do,  in  a more  fuitable 
foil  and  climate.  The  learned  Acojla  affirms,  that, in  feveral  parts  of  America , 
where  the  European  wheat  will  not  profper,  the  Indian , or  Virginian  fort, 
call’d,  alfo,  Maix , fucceeds  fo  well,  that  tho*  the  grain  be  large,  and  more 
than  one  cluder  often  found  upon  one  dalk  *,  yet,  in  a fingie  clutter,  he  has 
counted  feven  hundred  grains.  He  adds,  ’tis  not  unufual,  in  that  country,  to 
reap  three  hundred  times  the  quantity  fown.  This,  indeed,  fecms,  a little 
incredible  ; but  I,  myfelf,  have  found,  even  i n England,  fuch  a multitude 
of  grains,  in  one  of  the  vatt  number  of  ears,  produced  from  a fingle  grain, 
that  I am  inclin’d  to  abiolve  Acojla  * . 

Fortne  improvement  of  agriculture,  fee  PhUtfophicalTrciitfaSlioMs  s No.  1 16.  p.  aro.  No.  22c 
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In  fome  Eaftern  countries,  a-  fort  of  rice,  the  chief  food  of  the  natives,, 
thrives,  excellently,  upon  land  fo  watery,  that  the  perfon  is  there  obliged 
to  wade,  who  fows  it.  Yet,  this  is  lefs  Arrange  than  what  Martinius  tells 
us,  as  a practice  in  fome  parts  of  China  ; where  many  places,  that  lye,  all 
the  year,  under  water,  have  feed  fo  well  appropriated  to  them,  that,  tho* 
thrown  in  the  water,  as  baits  for  fifh,  it  fhoots  up  in  it’s  proper  feafon,  ap- 
pears on  the  furface,  like  a verdant  field,  and  affords  a plentiful  crop. 

To  proceed.  Chymiftry  and  hydroffatics  may  help  to  difcover  the  kinds 
and  degrees  of  filtnefs,  refiding  in  feveral  other  bodies,  the  hufbandman  em- 
ploys. I,  myfelf,  have  made  furprizing  difcoveries,  in  working  upon  fome 
forts  of  earth,  by  chymiffry.  And,  as  in  particular,  the  fertility  of  manure, 
feems  to  depend  upon  it’s  falino-fulphureous  parts  *,  a praClical  enquiry  into 
the  differences  and  various  operations  of  falts,  may,  probably,  afiift  to  dif- 
cover various  kinds  ofcompoft,  with  the  proper  manner,  wherein  to  multi- 
ply, compound,  and  apply  them. 

And,  thus,  not  only,  fire,  but  water,  by  means  of  the  engines,  and  con- 
trivances to  be  learnt  from  hydroffatics,  may  be  made  more  ferviceable  to 
hufbandry  than  ordinary.  Martinius  affures  us,  that,  in  one  province  of 
China , they  water  their  rice^fields,  by  means  of  moveable  mills,  placed,  as 
occafion  requires,  upon  any  part  of  the  banks  of  a river.  The  wheels,  here, 
raife  the  water,  in  buckets,  to  a great  height,  above  the  furface  of  the  river  \ 
whence  ’tis,  afterwards,  convey’d  to  the  deftin’d  places,  in  proper  channels. 
But,  the  art  of  levelling,  or  conducing  water  upon  the  ground,  may  be, 
farther,  ferviceable  in  this  cafe.  For  foils,  fuited  to  this  way  of  culture,  are, 
thereby,  greatly  improveable  *,  tho’  it  be,  almoft  entirely,  negleCted,  both 
in  England , and  ellewhere.  Some  ground  of  mine,  by  being  fkilfully  over- 
fl  w’  has  doubled  it’s  increafe.  And  I have,alfo,  feen  a wild  boggifh  place, 
turn’d,  by  a perfon  of  quality,  into  a good  dry  and  compaCt  foil,  by,  barely, 
trenching  and  overflowing  it  equally,  fix  or  feven  times  in  a year,  between 
the  beginning  of  Ottober,  and  the  middle  of  April*  with  water  from  a neigh- 
bouring fpring,  that  is  enrich’d  by  no  land-floods,  and  rofe  in  a barren  and 
uncultivated  place  j fo  that  this  ground  afforded  hay,  in  fuch  plenty,  as  to 
become  worth  twenty  times  it’s  former  purchafe.  Other  inftances,  of  the 
like  improvement,  1 have  met  with,  from,  fkilfully,  overflowing  grounds 
with  common  water. 

I muff  here  obferve,  that  the  more  comprehenfive  any  trade  is,  the  more 
improvements  it  will  admit  of  from  philofophy  j becaufe,  depending  upon 
many  natural  productions  and  operations,  there  muff  arife  many  particulars  to 
be  meliorated,  or  reform’d,  either  in  the  manufacture,  or  profeflion.  Thus 
corn,  in  hufbandry,  renders  a knowledge  of  the  whole  art  of  tillage  conveni- 
ent, with  the  ways  to  order  cattle,  the  dairy,  an  orchard,  a kitching-garden, 
wood,  flax,  hemp,  hops,  bees,  and  the  particular  productions  of  fome  of 
thcfe,  as  honey,  cyder,  £5 ?c.  are  capable  of  improvement,  and  require  fkill 
to  manage.  In  the  variety  of  particulars,  therefore,  wherewith  the  hufband- 
man deals,  there  muff  be  fome,  wherein  the  fuperior  knowledge  and  expe- 
rience of  the  naturahft,  will  be  ferviceable,  And,  as  one  of  the  principal 
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parts  of  hufbandry  depends  upon  preferving  cattle  from  difeafes,  and  the 
fruits  of  the  earth,  from  putrefa&ion  ^ natural  philofophy  may  conduce  to 
both  thefe  ends.  He  who  can  accelerate,  and  delay  putrefadlion  in  bodies, 
may  (hew  the  hufbandman  how  to  prepare  variety  of  manures  j to  enrich  his 
ground  with  the  peculiar  kind  of  fait  it  wants  *,  and,  all'o,  how  to  preferve  ie- 
veral  feeds,  flowers,  and  fruits,  beyond  their  natural  duration.  Thus  many, 
by  my  recommendation,  have  continued  fruits,  as  quinces,  for  inflance, 
good,  almoft,  all  the  year  round,  by  a pickle  made,  only,  of  water,  and  the 
refufe  of  quinces,  or  what  is  eafily  obtain’d  from  them  : but  cherries,  I 
have  preferved  frefh  and  juicy  for  more  than  a year  : and  that  without  fait, 
or  fugar,  only  by  a proper  fpirit  of  wine,  well  impregnated  with  the  tindlure 
it  drew  from  the  fkins  of  the  lame  kind  of  fruit. 

The  great  advantage  accruing  to  the  Dutch,  from  the  beft  way  of  pickling 
herrings,  and  to  others,  from  fo  ordering  the  flefh  of  animals,  as  to  keep 
lweet,  in  palling  from  Europe  to  the  Eaft-Indies , and,  fometimes,  even  ’till 
it  comes  back  again  from  thence,  may  fhew  what  benefit  hufbandry  might 
receive  from  difcovering  means  to  preferve  the  productions  of  the  earth  \ but,, 
efpecially,  if  it  could  be  extended  to  fmall  wines,  cyder,  perry,  &V.  that  are, 
commonly,  made  in  large  quantities  ; but  foon  decay,  at  home,  and  are 
unfit  to  be  tranfported  to  very  diftant  countries.  The  virtue  of  fugar,  to 
ftrengtheit  vinous  liquors,  and  render  them  durable  ; and  the  method  of  pre- 
ferving great  variety  of  fruits,  and  the  juices  of  plants,  without  the  help  of 
fiilt,  cr  any  thing  fharp,  give  fome  reafon  toexped,  that  very  different  ways 
may  be  found  to  make  fubftances  out-lafl  their  natural  term  of  duration*. 

Again,  that  great  damage  the  hulbandman,  often,  fuftains  by  ftubborn  and  Hufbandry  by 
contagious  difeafes  in  his  cattle,  might,  in  good  meafure,  be  prevented  by  the  medicine,  in 
inftruCtions  of  the  naturalift,  efpecially  if  fkill’d  in  phyfic.  For,  as  many  curinZ^:e^f~ 
difeales,  1 o,  many  cures,  alfo,  are  analogous  in  men  and  brutes  \ tho  re- 
medies, for  feveral  reafons,  ufually  fucceed  beft  in  the  latter.  A gentle- 
man, of  my  acquaintance,  has,  for  feveral  years,  preferved  his  numerous 
flocks,  in  a moift  country,  when  moft  of  his  neighbours  loft  theirs,  by  the 
ufe  of  Spanijh  fait.  After  having  bled  them,  a little,  under  the  eye,  he 
obliged  them  to  take  down,  a fmall  handful  of  it,  two  or  three  times  in  a 
few  days  ^ without  permitting  them  to  drink  any  thing,  for  fome  hours,  af- 
ter it.  This  remedy  he  employ’d,  at  that  feafon,  when  there  is  a fufpicion 
the  fheep  will  begin  to  be  bloch’d.  I might  here  alledge,  the  virtue  of  crude 
antimony  againfi:  the  foulnefs  of  the  blood,  and  Jeprofy  in  fwine  ; of  quick- 
filver,  againfi:  the  worms  in  horfes  * of  the  remedy  of  Palmarius , which, 
he  afierts,  is  infallible  againfi  the  bite  of  a mad  dog  in  cattle ; of  a 
more  parable  one,  alfo,  that  ferves,  no  lefs,  in  men,  the  effeCt  whereof 


* To  preferve  fruit  and  flowers  for  a whole 
year,  take  falt-petre,  one  pound,  bole-armeniac 
twopounds,  common  clean  fand,  three  pounds; 
mix  them  together,  and,  in  dry  weather,  take 
fruit,  or  flowers,  of  any  fort,  not  fully  ripe,  each 
with  its  ftalk,  and  put  them,  fingly,  into  an  open 


glafs,  ’till  it  be  full ; cover  it  clofewith  oil-cloth, 
and,  in  a dry  cellar,  put  each  of  thefe  glafles 
four  fingers  deep,  under  ground,  fo  that,  quite 
round,  above,  as  well  as  below,  there  may  re- 
main two  fingers  thick  of  the  mixture.  See  Phi- 
lofophical  Tranfatlions,  N°  237.  p.  44. 
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was  experienced  by  a near  relation  of  mine  ; of  the  antimoniaj  cup,  for  feve- 
ral  difeafes  in  horfesand  ffieep  ; and,  laftly,  of  another  antimonia!  medicine, 
very  fuccefsfully  ufed,  by  an  acquaintance  of  mine,  to  fatten  his  horfes  after 
ficknefs ; all  thefe,  and  many  more,  receipts  of  medicines,  highly,  efteem’d 
for  their  efficacy  in  feveral  diftempers,  both  in  men,  and  brutes,  I might 
here  fet  down,  were  it  my  prefent  bufinefs. 

And  by philofo-  Moreover,  there  are  many  reafons  affignable,  why  hufbandry,  with  the  af- 
phy  u curing  fiftanceof  philofophy,  may  be  improved,  by  the  addition  of  a therapeutic  part, 
the  difeafes  of  w|tj1  regard  not  Qnly  to  the  animal,  and  vegetable  productions  it  confifts  in  ; 

/ eJot  ’ but,  alfo,  to  the  various  diftempers  ofthe  ground  itfelf.  For,  were  the  caufes 
of  barrennefs  therein,  with  its  refpe&ive  indifpofition  to  nourifh  particular 
plants,  or  animals,  difcover’d  •,  many  of  thole  defeCts  may,  doubtlefs,  be  re- 
moved by  rational  applications,  and  proper  means  of  cure;  as  we  fee  in  other  in- 
animate bodies,and, even, metalline  ones.  And,froma knowledge ofthe  particu- 
lar caufe  ofabarren  foil,  fertility  may,  perhaps,  be  procured  toit,  without  much 
coft.  Some  ingenious  hufbandmen  have,  lately,  declared  themfelves  fatisfied 
with  a way  of  meliorating  two  ofthe  moft  unfruitful  kinds  of  land,  clay,  and 
fand,that  confifts  only  in  fkilfully  mixingthem,  in  a due  proportion,  according 
to  theufe  forwhich  it  isdefign’d.  And,an  ingeniousgentleman,  to fatisfy  feme 
curious perfons,purpofely,fow’dfome  corn,  neartheplace  of my  abqde,  which 
profper’d  fo  ftrangely,that  one  root, whereof  I took  particular  notice, thofper- 
haps,  notthe  moft  productive  in  the  field,  yielded  fixty  odd  ears:  and,  what  is 
morefurprizing,  this  wonderful  increafe  depended  only  upon  a philofophical 
obfervation  without  any  thing  extraordinary  having  been  done  either  to  the 
ground,  or  the  feed ; for  thefecret  was  intruded  with  me,  by  thegentleman  him- 
felf,  to  make  public,  in  cafe  he  died  before  me.  And,  with  the  fame  view,  he 
communicated  to  me  a method  of  increafing  the  bulk  of  apples  in  theirgrowth, 
by  help  ofthe  defpifed  leaves  of  a very  cheap,  and  common  vegetable. 

Trade*  con iu-  To  PrGCee^-  Not  only  the  necefiary  trades,  but  alfo  the  pleafurable  ones, 

cing  to  the de-  are  improveable  by  philofophy;  for,  they,  chiefly,  confift  in  the  knowledge, 
light  of  man-  and  application,  of  fome  natural  productions,  and  operations.  And  the  things, 
kihf'hnph7r'h y ^ls  means  acquired,  will,  without  changing  their  nature,  ferve  us  in  diffe- 
tfy.*  t0^°~  rent  capacities ; thus,wine  quenches  third,  recovers  a fainting  perfon, and  intoxi- 
cates : the  fame  fpirit  of  wine  wherewith  the  phyfician  draws  his  tinctures,  and 
prepares  his  extracts, for  medicinal  purpofes,  will  diffolve  benjamin,  for  the  la- 
dies ; which,  mix’d  with  water,  makesan  excellent  cofmetic ; and  the  fame  fpi- 
rit,when  applied  to  the  proper  ingredients, produces  feveral  kinds  of  fine  var- 
nifh:  the  tinCture  of  benjamin,  likewile,  is  applicable  to  the  fame  ufes;  and  is, it- 
felf, a pretty  odoriferous  varnifh,  and  good  againft  tettars,  they  being  bathed 
therewith.  That,  knowledge,  and  (kill, may  make  happy  applications,  even  of 
unpromifing  things,  to  the  delight  of  mankind,  appears,  evidently,  from  mu* 
fical  inftruments  ; for,  who  wou’d  imagine,  did  he  not  know  it,  that  a few 
pieces  of  wood,  joined  together,  and  the  guts  of  cats  or  lambs,  twifted  into 
firings,  ffiou’d,  when  artificially  ftruck,  afford  the  moft  ravifhing  pleafure  ? 
I might,  here,  go  on  toinftance  in  the  art  of  colouring,  perfuming,  confec- 
tionary, and  of  preparing  cofmetics,  did  I not  chule  to  recommend  phi- 
lofophy, 
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lofophy,  from  the  pleafure  it  affords  the  reafon,  rather  than  from  the  charm 
wherewith  it  bribes  the  fenfes.  Tho*  what  has  hitherto  been  deliver’d,  about 
the  ufefulnefs  of  philofophy  to  trades,  belongs,  chiefly,  to  thofe  wherein  na- 
ture herfelf  feems  more  concern’d  than  the  artificer-,  yet  fuch  are  not  here 
exempted  wherein  art  has  the  greateft  fhare.  Thefe,' indeed,  rather  depend 
upon  the  manual  dexterity  of  men,  than  a fkilful  management  of  nature’s 
productions,  by  operating  on  each  other;  yet,  even  here,  the  naturalift 
may  be  ferviceable.  Many  manual  trades,  efpecially  as  exercifed  in  large 
towns,  confift  of  feveral  parts,  and  require  other  trades  to  prepare,  and 
difpofe  their  materials,  before  they  can  be  finiflied,  and  fitted  for  fale.  And, 
altho*  the  finifher  performs  his  part,  by  means  of  his  hands,  and  tools; 
yet,  the  fubordinate  workmen,  ufually,  (bind  in  need  of  (ome  obfervations 
on  the  conditions  of  the  body  they  deal  with,  or  muff  elfe  employ  fome  phy-» 
fical  operation ; and  herein  they  may  be,  greatly,  aflifted  by  an  intelligent  na- 
tural ift.  Thus,  ftone-cutting,  tho*  it  feem  wholly  to  confift  in  (haping  its  ma-  Andparticu- 
terials,  contains  many  particulars  wherein  I cou’d,  eafily,  (hew  that  experimen-  larly  font-cut - 
tal  philofophy  wou’d  be  beneficial  . For  unufual  methods  might  be  difcover’d,  tinZ- 
as  I can  teftify,  to  examine  the  nature,  and  goodnefs,  of  marble,  alabafter,  or 
other  ft  ones.  A competent  knowledge  of  the  fap  found  in  (tones,  to  be  em- 
ploy’d in  building,  is  fo  neceftary,  that  experienced  mafter- workmen  have 
aflfured  me,  that  (tone  dug  at  one  feafon,  will  foon  moulder  away,  when  the 
fame  fort,  taken  out  of  the  fame  quarry,  at  another,  will  endure  the  weather 
for  many  years,  if  not  ages.  The  cements,  alfo,  and  (toppings,  as  they  call 
them,  which  are  of  great  ufe,  in  this  trade,  may  be  improv’d  by  one  who  is 
verfed  in  fuch  kinds  of  mixtures.  I remember,  I once  taught  an  inquifitive 
artift  a fine  cement,  for  rejoining  broken  ftatues  who,  by  the  like  means,  in 
other  cafes,  cou’d  counterfeit  marble  fo  well,  that  tho*  large  cavities  were  filled 
up  with  cement,  the  work  wou’d  pafs  for  entire  ; thofe  parts  being  undiftin- 
guifli’d  from  natural  marble.  Want  of  curiofity  keeps  our  ftone-cutters  in 
England^  unacquainted  with  the  ways  of  working  upon  porphire  : for  none  oft 
them  will  undertake,  either  to  cut,  or  polifh,  it.  Other  countries,  alfo,  are 
ignorant  herein  tho’  it  was  in  great  ufe  among  the  Romans  ; and,  even  now, 
at  Rome,  there  are  a few  who  make  a very  great  advantage  of  this  art.  Pam 
not  certain  what  they  employ  for  that  purpofe,  but  believe  it  to  be  powder  of 
emery  *,  for  I have,  in  England , caufed  a porphire  to  be  cut  by  means  of  that,, 
iteel  laws,  and  water.  Not  here  to  mention,  that  I have  an  art  to  (lain  white 
marble  with  durable  fpots,  fmall  or  large,  and  of  a red,  or  brown  colour.  But 
the  art  of  ftone-cutting  depending  greatly  upon  the  goodnefs  of  the  fteel  tools, 
which  they  muft  have  from  the  fmith,  and  the  dealers  hr  iron  , if  thefe  trades' 
were  improved,  it  wou’d  tend  to  the  perfe&ion  of  the  other.  And,  th  at  the 
imith’s  craft,  however  manual  it  appears,  may  be  meliorated  by  a knowledge* 
of  nature,  is  not  difficult  to  manifelt.  The  ways  of  making  iron,  and  fteel, 
are  not  only  improveable  before  they  come  to  the  finith’s  hands,  but  better  ex- 
pedients may,  likewife,  be  deviftd  for  ordering  them,  when  they  come  to  be  ^fmttbcr v 
fafhion’d  into  weapons,  and  tools.  The  fword-blades,  and  other  weapons, 
made  at  Jdamafcoy  are,  every  where,  famed,  (and  thatjuftly,  as  far  as  appears 
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from  fome  trials  I have  made,)  for  cutting  afunder,  even,  iron  itfelf;  yet,  it 
feemsto  be,  only,  the  fkill  of  the  artificer  that  gives  them  this  preheminence. 
Their  goodnefs,  indeed,  might  be  prefumed  to  proceed  from  Something  pe- 
culiar in  the  materials  of  that  place,  did  not  Bellonius  inform  us,  they  have  no 
mines  of  their  own ; but  receive  all  their  irons  and  fteel  from  other  countries  ; 
the  artifts  giving  them  this  temper  and  perfection.  In  tempering  of  fteel,  it 
is  reafonable  to  fuppofe,  that,  befides  the  goodnefs  of  the  metal,  and  the  par- 
ticular degree  of  heat,  which  is  all  the  workmen  regard ; the  nature  of  the 
fluid,  or  other  body,  wherein  the  hot  metal  is  plunged ; and  other  proper  me- 
thods of  ordering  it,  may,  greatly,  contribute  to  bring  it  to  perfection.  I have 
met  with  a graver  of  fo  fur  prizing  a temper,  that  all  the  known  means,  both 
I,  and  others,  ufed,  could  not  let  it  down  *,  though  no  graver,  made  in  England , 

„ could  have  withftood  us.  This  was,  afterwards,  affirmed  to  have  been  tem- 
pered at  Damafco.  [ am  acquainted  with  a way  to  harden  gravers,  without 
quenching  them  in  any  liquor,  tallow,  or  unctuous  body  ; and  having  recom- 
mended, to  another,  an  uncommon  method  of  tempering  them,  he  brought  me 
one,  which,  being  plunged  into  a certain  cheap  mixture,  had  been  harden’d, 
and  temper’d,  at  once.  And,  what  may  feem  more  ftrange,  tho*  ignition, 
and  extinction,  in  cold  water,  be  the  common  way  to  harden  fteel ; yet,  by 
obferving  one  certain  moment  of  time,  fteel  may,  by  this  means,  be  made, 
furprizingly,  foft.  But  farther,  a curious  maker  of  fteel-tools,  told  me,  he  ob- 
ferv'd  a difference  between  the  ufe  of  pump  and  river  water,  in  giving  them 
their  temper ; each  being  fit  for  it’s  refpeCtive  fort.  Befides  thefe,  there  are 
many  other  particulars,  wherein  iron  and  fteel  are  improveable  by  the  natura- 
lift.  And,  firft,  the  metal  may  be  render’d  fo  foft,  as,  by  means  of  ftrong 
moulds,  to  receive  variety  of  figures.  This  an  eminent  artificer  affur’d  me, 
he  had  feen  done  in  iron,  with  conflderable  profit.  Secondly,  it  may  be  ren- 
der’d fufible  •,  and  I,  myfelf,  with  a charcoal  fire,  and  a flux-powder,  com- 
pos’d of  tartar,  fulphur,  and  arfenic,  have  run  it  into  an  exceeding  hard,  and 
very  polifhable  mafs.  Thirdly,  it  may  be  fo  order’d,  as  to  continue,  long, 
free  from  ruft  ; and  an  ancient  virtuofo,  who  purchafed  the  fecret,  for  a great 
prince,  ufed  to  ftiew  fteel,  fo  prepared  by  tempering  it  in  water,  impregnated 
with  the  bark  of  a certain  tree.  In  a word,  there  are  various  other  means,  where- 
by iron  and  fteel,  or  the  trades  that  ufe  them,  may  be  meliorated  ; for  the  na- 
turalift  may  advance  an  art,  or  profeffion,  in  abundance  of  refpeCts  as,  either, 
by  difcovering  variety  of  materials,  or,  rendering  thofe  already  in  ufe,  better 
condition’d  *,  by  deteCting,and  reforrning,unheeded  errors,  or  miftakes ; by  de- 
vifing  more  eafy,  and  compendious,  methods  of  operation  *,  by  improving  the 
auxiliary  branches  ; by  inftruCting  the  artificer  to  choofe,  examine,  and  pre- 
ferve  his  tools  and  materials  or,  laftly,  by  fliewing  how  to  make  the  ulti- 
mate productions  fooner,  cheaper,  eafier,  or  better  ; applicable  to  more  ufes, 
or  more  durable  than  ufual ; with  other  fervices,  too  numerous  here  to  relate. 
Fhtlofophjmay  But  farther,  anaturalift  may,  likewife,  introduce  new  trades,  as  well  as  im- 
imroduce  new  prove  the  old  ones  j and,  that,  either,  by  inventing  them  originally,  or  bring- 
irad's.  ing  them  into  requeft, where  they  were  unknown  before : for  neither  nature, nor 

human  invention,  is  fo  far  exhaufted,  as  not  to  afford  them,  were  philofophy 

employ’d 
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employ’d  in  the  fearch.  We  may  here  obferve,  that  a trade,  in  many  cafes, 
differs  from  an  experiment,  not  fo  much  in  the  nature  of  the  thing,  as  it’s  ha- 
ving been,  accidentally  applied  to  human  ufes,  or  made  a bufinefs,  by  a com- 
pany of  artificers,  in  order  to  their  own  profit ; which  are  things  extrinfecal  and 
accidental  to  the  experiment  itfelf.  Thus,  for  example,  theexplofion  occafion’d 
by  a mixture  of  nitre,  fulphur,  and  charcoal,  whilft  it  paffed  no  farther  than 
the  laboratory  of  the  monk,  the  reputed  inventor  of  gun-powder,  was  only 
an  experiment  •,  but,  when  once  the  great  ufe  to  be  made  hereof  became  more 
generally  known,  and  people  refolv’d  to  make  a bufinefs  of  improving,  and 
applying  it  ;\^h is  fingle  experiment,  at  once,  gave  rife  to  founders  of  ordi- 
nance, gun-fmiths,  engineers,  and  abundance  of  other  trades. 

The  difeovery  of  the  polar  virtue  in  the  load-ftone,  has  occafion’d  a diftinCt 
trade,  the  art  of  compafs-making : and  many  other  inftances,  of  the  like  kind, 
might  be  produced-,  efpecially,  where  mechanical  tools  and  contrivances  con  - 
fpire  with  the  difeovery  of  natural  productions  fo  that,  frequently,  a very 
few  mathematical  theorems,  or  phyfical  obfervations,  reduced  to  practice,  by 
the  manual  operator,  become  trades.  Thus  two  or  three  dioptrical  propor- 
tions, falling  into  mechanical  hands,  have  introduced  fpectacles,  telefcopes 
and  microfcopes.  Quick-filver  being  obferved  to  amalgamate  with  gold,  and 
to  be,  again,  feparable  therefrom  without  diminution,  produced  the  art  of  gild- 
ing-, which,  principally,  confifts  in  mixing,  by  means  of  a proper  heat,  pure 
gold  with  five,  fix,  or  feven  times  it’s  weight  of  quick-filver,  ’till  it  become  of 
a confiftence  fit  to  fpread  upon  the  filver  or  copper  defign’d.  For  the  gold  be- 
ing, by  this  means,  evenly  overlaid,  they  can  eafily,  by  fire,  force  away  the 
mercury  and,  with  a liquor,  by  them  call’d  colourifh,  wherein  nitre,  verdi- 
greafe,  fal-armoniac,  and  other  faline  bodies  are  diffolved,  reftore  it’s  luff  re  to 
the  remaining  gold,  which  they,  afterwards,  make  bright  by  polifhing. 

The  flight,  and  obvious  remark  that  a fpring,phyfically  confider’d,  was  a con- 
tinual and  durable  force,  with  it’s  corollary,  that  this  force,  properly  applied, 
might  balance  the  weight  required  to  move  the  wheels  of  a clock,  join’d  to  a 
fuitable  mechanical  contrivance,  produced  thofe  ufeful  machines  call’d  watches, 
which  now  afford  ahandfomefubfiftenceto  many  dextrous  artificers ; and  which, 
tho’  cuftom  has  render’d  them  familiar  to  us,  were  unknown  to  the  ancients,  and 
highly  priz’d,  and  admired  even  in  China , when  firff  carried  thither.  The  dif- 
eovery that  Aquafortis  diffolv’d  filver  and  copper,  but  would  not  work  upon 
gold,  added  to  the  obfervation,  that  lead,  melted  with  either  of  the  noble  me- 
tals, and  then  forced  from  them,  by  fire,  will  carry  off  with  it  any  of  the  bafer 
fort,  has,  in  latter  ages,  produced  the  art  of  refining.  The  operations  of  fome 
Lixivia , clays,  and  a few  other  common  things,  upon  the  juice  of  the  fugar- 
cane,  has  not  only  added  to  the  ancient  husbandry,  the  cultivation  of  thefe 
canes,  but  given  birth  to  the  feveral  trades  of  fugar-boilers,  fugar-makers,  re- 
finers of  fugar,and  confectioners ; not  to  mention  the  advantage  it  brings  to  the 
apothecary.  But  even  a very  flight  contrivance,  or  manual  operation,  if  it  prove 
fortunate,  may  fupply  men  with  a trade,  as  we  fee  in  the  art  of  printing.  And 
the  lucky  trial  made  to  bore  very  fmall  holes  thro*  broken  China  cups,  with  the 
ufe  of  (lender  wire,  inftead  of  thread,  or  filk,  to  faften  the  pieces  together, 
Vo l.  I.  has 
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has  given  being  to  the  exercife  hereof,  as  a vulgar  trade  in  the  Eaflern  coun- 
tries. Their  art,  alfo,  ofvarnifhing,  orjapanning,  as  we  call  it,  which,  depend- 
ing on  a knowledge  of  fome  gums,  and  liqours  in  their  country,  employs  mul- 
titudes of  tradefmen  among  them,  is,  as  I am  credibly  inform’d,  now  practis’d 
at  Paris.  And,  finding  from  Linchoten , that  in  China  and  Japan , they  made 
this  excellent  varnifh  of  gum  Lacca , I imitated  one  of  the  beft  forts  of  it,  by 
diffolving  that  gum  in  highly  rectified  fpirit  of  wine,  giving  it  a colour,  and 
laying  it  on  in  a particular  manner.  I might,  farther,  alledge,  the  art  of  cultiva- 
ting and  gathering  fuger-canes,  with  the  manner  of  ordering  their  juice,  as  a re- 
cent inftance  of  the  tranfplantation  of  arts  and  manufadtures ; for,  as  I am  very 
credibly  inform’d,  it  is  not  long  fince,  that,  in  our  memory,  a foreigner,  acci- 
dentally bringing  fome  fugar-canes,  as  rarities,,  from  Brafil into  Europe,  touched 
at  Barhadoes , where  an  Engiijh  planter  obtain’d  a few  of  him,  with  fome  hints 
as  to  their  cultivation  and  ufe;  which*  by  the  curiofity  and  induftry  of  the 
Engiijh  colony  there,  were  foon  fo  well  improved,  that  the  ifland  became,  and’ 
ftill  continues*  able  to  fupply  Europe  with  fugar.  l am  the  more  particular  in 
this  inftance,  becaufe  ’tis  very  remarkable,  and  fhews  how  many  hands  the  in- 
trodudnon  of  a phyfico-mechanical  art  may  employ:  for  the  Negroes?  who  live 
as  (laves  upon  thatfpot  of  ground,  and  are,  almoft  wholly  employ’d  in  the- 
fugar-trade,.  amount  to  between  five  and  twenty  and  thirty  thoufand  fouls. 
Nay,  fo  prodigioufly  advantageous  is  this  new  art,  both  to  particular  perfons,. 
and  the  public,  that,  , one  year  with  another,  tho5  the  ifland  be  fhort  of  thirty 
miles  in  length,  there  are  imported  for  England  ten  thoufand  tun  of  fugar,  eachr 
tun  containing  two  thoufand  pound  weight ; which  amounts  to  twenty  millions 
ofpounds  of  that  commodity.  This  account,  tho’ it  may  feem  incredible,  Ihave 
had  confirm’d  from  very  good  hands. 

Thus,  then,  itappears  probable,  that  experimental  philofophy  may  multiply 
trades,  as  well  as  improve  them.  Nor  do  I defpair,  that  among  the  means 
efincreafihg  trades,  one  may  be  the  retrieving  of  fome  that  were  anciently 
pradtifed,  but  fince  loft  ; of  which  the  learned  P 'ancirollus  gives  us  a catalogue. 
For,  as  the  fkilful  diver  brings  up,  not  only  pearls  and  coraf.but,  alfo,  fhip- 
wreck’d  merchandize  ♦,  fo  the  experimental  philofopher  dives  into  the  deep  re- 
cedes of  nature,  to  recover  inventions  fwallow’d  up  by  the  injuries  of  time,, 
as  well  as  to  bring  to  light  her  hidden  riches. 
ftvery profijj?-  But,  ftill  farther,  I am  inclin’d  to  think,  there  is  no  profeflion,  condition, 
on,  conditio //,  or,  perhaps,  individual  perfon  of  the  fpecies,  that  may  not,  one  way  or  other,  , 
^i^be'bencfit- advantaged,  cr  accommodated,  were  all  the  truths  difcoverable  by  natural 
™*lby  epbuofo-  philofophy,  known  and  applied.  So  that,  befides  thofe  inventions  which  are 
pjy.  formed  into  trades,,  there  may  be  a multitude  of  loofe  particulars,  whereby 

the  naturalift  might  highly  gratify,  and  afftft  mankind.  The  nature  of  the 
thing  will  fcarce  permit  me  to  illustrate  this  aftertion,  without  defeending  to 
inftances  trifling  in  themfelves,  if  not  contemptible  * for  which  reafon  I iliall, 
here,  content  myfelf  with  a few. 

A great  lady, , lately  complaining,  that  (he  could  not' write,  in  the  common 
way,  without  blacking  her  fingers  ; I defir’d  her  to  prepare  her  paper  with  a 
Bne  powder,  made  of  about  three  parts  of  calcin’d  copperas,  two  of  galls,  and  one 
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of  gum-arabic,  which,  being  frelh  mixed,  and  rubbed  with  a hare’s  foot,  in- 
to  the  pores  of  the  paper  ; when  that  came  to  be  wrote  on  with  fair  water,  it 
would,  immediately,  difcover  black  legible  letters. 

Having,  feveral  times,  occafion  to  make  a word  or  two,  lately  written,  ap- 
pear as  if  written  long  before,  I lightly  moiden’d  them  with  oil  of  tartar  per 
deliquium , more  or  lefs  diluted  with  fair  water,  as  I defired  the  ink  to  appear 
more,  or  lefs,  decay’d.  Another  cleanly  way  of  writing,  without  ink,  is  by 
rubbing  the  fine  powder  of  exquifitely  calcin’d  hart’s-horn,clean  tobacco-pipes, 
or  rather  mutton-bones,  burnt  to  a perfect  whitenefs,  upon  the  paper,  and, 
then,  ufing  a filver  bodkin,  or  the  like,  as  a pen.  Avery  fimple  and  eafy  me- 
thod of  making  white  table-books,  is  to  temper  pulverized  cerufe,  with  a 
ftrong  folution  of  gum-arabic,  in  water,  which  being  brought  to  a thick  con- 
fidence, mult  be  rubbed  over  the  paper,  and  differ’d  to  dry.  A very  inge- 
nious artificer,  having  contrived  an  ufeful  engine,  a necedary  part  whereof  was 
a glafs,  filled  with  fair  water,  and  dopt,  complaining  that  frofly  weather,  by 
.freezing  the  water,  broke  his  glafs  •,  I advifed  him  to  ufe  good  fpirit  of  wine, 
in  dead  of  the  water,  or,  to  fave  the  expence  of  that,  fea-water,  drengthen’d 
with  a little  fait ; or,  ladly,  common  fpring-water,  with  a twentieth,  or  tenth 
part  of  fait  diffolv'd  therein  ; for  I have  found  none  of  thefe,  tho’  clear,  to 
freeze  in  the  fharped  of  our  winters  in  England,  I,  once,  fhew’d  a perfon  of 
quality  an  eafy  way  to  fend  a written  meffage  which  the  bearer  could  not  dif- 
clofe  : this,  I perform,  by  writing  on  the  meffenger’s  back,  with  a clean  pen, 
-dipt  in  my  own  urine  * (but,  to  my  furprize,  the  experiment  will  not  fucceed 
with  that  of  every  perfon)  the  letters  appearing,  upon  rubbing  thereon  the  black 
afhes  of  burnt  paper.  A confecdion,  made  up  with  the  pulp  of  floes,  acciden- 
tally daining  a large  quantity  of  new  damafk,  from  the  top  to  the  bottom, 
by  deeping  it,  for  fome  hours,  in  new  milk,  and,  afterwards,  caufing  it  to 
be  carefully  wafh’d  in  more  of  the  fame  \ the  damafk  came  out  uridain’d  and 
white.  Urine  will,  ufually,  take  dains,  even  thofe  made  by  ink,  out  of  linen  ■, 
and  with  drong  fpirit  of  fait  I have  done  the  fame  •,  fird  wetting  the  fpotted 
places  with  fair  water,  whence,  after  wafhing,  no  iron- mole  has  remain’d. 
Some  ingenious  perfons  who  deal  much  in  Lixivia , and  brines,  complaining 
of  inconveniencies  that  attend  the  trial  of  the  drength  of  faline  liquors,  by 
means  of  an  egg ; for,  to  mention  no  others,  the  fame  egg  will,  by  being 
kept,  grow  lighter,  and,  therefore,  when  dale,  they  have,  ufually,  a large  ca- 
vity at  the  bigger  end  •,  I recommended  to  them  the  ufe  of  a piece  of  amber, 
for  that  purpole,  of  what  magnitude  bed  fuited  their  occafions.  Being  once 
in  a place  where  I cou’d  not  procure  fome  Dantzick  vitriol,  that  I wanted  ; 
and  obtaining,  therefore,  fome  liquor  which  the  rain  had  wafh’d  from  green 
vitriol,  or  copperas-dones,  and,  adding  thereto  a proper  quantity  of  copper, 
I made  it  ferve  as  a mendruum  to  work  upon  the  metal  *,  and  by  exhaling  the 
folution,  obtain’d  the  blue  vitriol  I wanted.  And  the  like,  I doubt  not,  may.be 
done  with  all  thofe  common  green  vitriols  made  of  iron,  wherein  the  faline 
part  is  not  too  much  fatiated  with  the  ferruginous.  A great  dealer  in  cyder 
^exprefling  a defire  to  be  able  to  make  that  liquor  dronger,  foas  to  keep  longer 
than  ordinary  j I told  him,  to  infufe,  for  twenty-four  hours,  in  ten  or  twelve 
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gallons  of  the  juice  of  apples,  about  two  bufhels  of  the  fame  kind  of  fruit, 
grofly  bruifed  ^ then,  gently  prefling  them,  to  repeat  the  infufion  ; obferving 
not  to  make  it  too  thick  : and  this  fucceeded  excellently.  Searching  acci- 
dentally in  a dark  place,  where  flood  fome  chymical  glades,  I knew  nothing  of, 
negligently  flopped,  and  not  wrote  upon  *,  one  happen’d  to  fall,  and  grievoufly 
{lain  a new  fuit  I had  on : but  judging,  from  the  nature  of  the  ftain,  that  it 
proceeded  from  fome  acid  fpirit  *,  by  fearching  about,  and  duelling  to  the  re- 
maining bottles,  I found  one  that  I guefs’d,  by  its  fcent,  to  abound  with  vo- 
latile fait ; and  with  this  liquor  I bath’d  the  flain’d  parts,  which  immediately 
reflored  them  to  their  former  colour.  By  the  like  means,  alfo,  I have  pre- 
fently  remedied  the  difcolourations  made  in  garments,  by  fretting  liquors , 
which  wou’d,  otherwife,  have  been  thereby  render’d  unfit  for  wearing.  Dif- 
courfing,  lately,  with  a flates-man,  of  the  means  whereby  well-meaning  per- 
fons  may  be  injured  and  defamed,  I faid,  there  was  a way  to  take  clear  out 
of  a parchment-writing  all  the  words  it  contain’d,  fo  that  one  might,  by  leav- 
ing the  name,  fubflitute  what  one  pleas’d.  And  to  fatisfy  him  hereof,  I did, 
in"a  few  minutes,  take  off  from  parchment  all  that  was  written  thereon  ; with  • 
out  defacing  the  parchment.  Some  attempt  to  do  this  on  paper  with  Aqua- 
fortis •,  but  that,  by  difcolouring  the  paper,  gives  a fufpicion  of  the  trick. 
But,  as  for  the  perfedl  way  of  performing  this  experiment,  with  others  of  the 
like  nature,  which  I have  fometimes,  out  of  curiofity,  fuccefsfully  made  •,  I 
think  it  much  fitter  to  conceal  than  to  communicate  them  *,  becaufe,  fhou’d 
they  fall  into  the  hands  of  perfons  inclined  to  mifapply  them,  they  might 
greatly  difturb  human  fociety.  A virtuofo,  having  made  a folution  of  gold, 
fufpedted  the  metal  alloy’d  with  copper,  and  therefore  unfit  for  his  purpofe  ; 

I advifed  him  to  precipitate  the  gold  by  an  urinous  fpirit,  which  it  did,  into 
a fine  calx,  while  the  fluid,  remaining  highly  tinged  with  blue,  betray’d  the 
copper  that  had  been  ufed  as  alloy. 

Thefe  trifling  inflances  being  more  pertinent  to  my  defign,  than  others,  in 
themfelves  of  greater  value,  is  the  reafon  I have  chofe  them  *,  nor  fhall  I re- 
pent the  mention  of  them,  if  they  ferve  to  fhew,  that  the  meaneft  experiments 
may  fometimes  be  ufeful,  and  better  adapted  to  convince  flrangers  to  philofo- 
phy of  its  numerous  ufes,  than  thofe  of  a higher  and  abflrufer  nature.  As,  to 
know  the  ufe  of  a bladder  of  air,  may  be  more  ferviceable  to  a pilot  in  a lhip- 
wreck,  than  the  mofl  hidden  properties  of  the  magnet  •,  fo,  in  fome  cafes,  ob- 
vious and  flight  experiments  prove  vaflly  more  welcome  and  ufeful,  than  more 
confiderable  ones  wou’d  at  another  time : fo  true  it  is,  that  46  every  thing  is 
“ beautiful  in  its  feafon.”  For  my  part,  I cannot  but  hope,  that  natural  phi- 
lofophy will  prove  daily  more  ferviceable  both  to  particular  perfons,  and 
trades  themfelves  *,  efpecially  if  a farther  enquiry  be  made,  and  thereby  new 
qualicies  detected,  and  unheeded  ufes  of  natural  and  artificial  philofophy  dif- 
cover’d.  For  whoever  narrowly  conflders  it,  will  find,  that  trades,  at  prefent, 
deal  with  but  very  few  of  nature’s  productions,  in  comparifon  of  thofe  they 
leave  unemploy’d  ; and  that,  what  they  do  make  ufe  of  therein,  are  their  ob- 
vious qualities,  bating  fome  few  more  fecret  properties  which  chance,  or  a 
lucky  fagacity,  rather  than  fkill  and  enquiry,  have  difcover’d  j and,  therefore. 
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I Temple  not  to  affert,  that  if  men  were  thoroughly  fenfibleof  their  own  intereft, 
and  wou’d  carefully  keep  their  eyes  open  upon  the  properties  of  things,  and  the 
application  that  might  be  made  thereof,  in  human  life ; they  might  not  only  dif- 
cover  new  qualities  thereby,  and  fo  produce  new  trades,  but  even  convert  them 
to  fuch  ufes  as  the  inventor  little  imagin’d : and  of  this  I might  produce  various 
inftances. 

To  thefe  general  confiderations,  I muft  add,  with  regard  to  the  following, 
that  the  reader  is  not  to  expert  a methodical  enumeration  of  all  the  grounds  and 
motives  I have  to  expedt  great  advantages  from  a future  progrefs  in  the  know- 
ledge of  nature,  for  I choofe  to  confine  myfelf  to  what  I can  render  probable  by 
examples,  and  inftances  of  that  which  is  already  acquired,  or,  very  likely.  Toon 
will  be.  It  muft  not,  therefore,  be  imagin’d,  that  I have  overlook’d  all  the  parti- 
culars pertinent  to  my  fubjedts  •,  nor  that  I propos’d  to  fet  down  all  the  induce- 
ments that  might  be  brought  to  fhew  the  ufefulnefs  of  experimental  philofophy. 

My  defign  is  only  to  render  the  expedtations  of  advantages  to  be  receiv’d  from 
it  probable  ; to  do  which,  is  taking  a good  ftep  towards  the  attainment  of  the 
things  themfelves,  as  Sir  Francis  Bacon  well  obferves.  And  I,  the  rather,  en- 
deavour to  heighten  mens  expedtations  herein,  becaufe  many  there  are,  who, 
being  bred  up  in  the  vulgar  barren  philofophy,  judge  of  all  philofophy  by 
that  *,  and  becaufe  fome  morofe  authors,  and  defpondentperfons,  who  have  un- 
fuccefsfully  attempted  to  perform  things  deliver’d  by  unfaithful  writers,  fan- 
cy, and  wou’d  perfuade  others,  that  nothing  confiderable  is  performable  by  na- 
tural philofophy  * our  forefathers  having,  if  we  credit  thefe  perfons,  had  the 
good  luck  to  hit  upon  all  the  profitable  inventions  which  philofophy  can  afford 
mankind.  It  may  here,  alfo,  poffibly  be  expedted  that  I fhou’d  treat  particu- 
larly of  the  principal  means  whereby  a naturalift  might  advance  trades,  and 
affift  mankind  to  recover  part  of  his  loft  empire  over  the  works  of  nature. 

And  I confefs  I have  had  thoughts  of  a projedt  to  advance  experimental  philo- 
fophy, confiding  of  fuch  heads  as  thefe.  A profpedl  of  what  may  probably 
be  attain’d  to  by  philofophy,  both  in  theory  and  pradtice.  A brief  account 
of  what  is  already  obtain’d  thereby.  The  imperfedlion  of  our  prefent  attain- 
ments. What  helps  we  now  enjoy.  The  inefficiency  of  our  prefent  helps. 

The  hindrances  and  caufes  of  them.  And,  laftly,  the  means  and  helps  that 
may  be  applied.  But  I did  not  here  propofe  a juft  treatife  *,  only  to  regifter 
fome  loofe  and  fcatter’d  experiments  and  obfervations. 


SECT.  II. 

WERE  it  allowable  for  none  but  great  mathematicians  to  difeourfe  of  ma-  (Fje  ufefulnefs 
thematics,  I might  be  accufed  of  prefumption  to  engage  in  it ; for  xh^0/  mathematics 
authority  of  fome  famous  modern  naturalifts  prevented  my  makfng  any  extraor-  t0^hil°^' 
dinary  progrefs  in  that  ftudy,  by  abfolutely  denying  it  to  be  ufeful  in  philofo- 
phy. But  a knowledge  far  inferior  to  that  of  Archimedes,  or  Apollonius , may  ferve 
to  fhew  the  advantages  of  mathematics  in  the  contemplation  of  nature.  Left 
others,  therefore,  fhou’d  be  influenced  by  the  like  authorities,  I fhall  enter  a lit- 
tle into  this  fubjeft.  I know  the  extravagant  opin  ions  of  Kepler  ^ and  other  oreat 
mathematicians,  are  pleaded  againft  the  ufefulnefs  of  mathematics  in  naturaf phi- 
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lofopy  ; yet,  from  reflefting  upon  feveral  mechanical  experiments,  I difcover*d 
how  Serviceable  it  might  be  made  thereto : and,  therefore,  I have  often  wiffied, 

I had  employ’d  upon  the  theory  mod  of  that  time  I fpent  in  the  practical  part 
of  this  fcience.  For  a competent  knowledge  in  mathematics  is  fo  neceffary  to  a 
philofopher,  that  I fcruple  not  to  affert,  greater  things  are  dill  to  be  expefted 
fromphyfics,  becaufe  thofe  who  pafs  for  naturalifts,  have  been  generally  ignorant 
in  that  ftudy.  Now,  mathematics  may  be,  particularly,  abiding  to  philofophy 
in  many  refpefts  befides  thofe  general  advantages  which  they  bring  to  the  minds 
of  men,  whatever  be  the  dudies  whereto  theyaddiftthemfelvesi  and,confequently, 
in  improving  to  the  philofopher*.  For,  in  general,  they  make  men  accurate,  and  attentive  to 
the  mind . what  they  are  about,  by  keeping  their  thoughts  from  wandering,  and  enuring 

them  to  patience  in  going  thro’  tedious  and  intricate  demondrations  and  thus 
they  greatly  improve  the  reafon,  by  habituating  it  to  deduce  fucceflive  confe- 
quences,  and  judge  thereof,  without  readily  acquiefcing  in  any  thing  but  demon- 
ftration.  But  the  operations  in  algebra  feem  to  afford  one  of  the  cleared  exer- 
cifesof  reafon  -,  nothing  being  therein  performable  without  drift  and  watchful 
reafoning-,  whild  the  whole  method,  and  the  feveral  fteps,  appear  at  one  view, 
when  the  operation  is  finifh’d.  Before  I defcend  to  the  particular  ufes  of  mathema- 
tics in  natural  philofophy,  let  it  be  obferved,  fird,  that  the  phenome  a which  the 
mathematician  concurs  to  exhibit,  really  come  under  the  cognizance  of  the  natura- 
lid  -,  for  when  matter  is  endow’d  with  qualities,  the  confideration  how  it  came  by 
them  relates  rather  to  the  agent  or  efficient,  than  to  the  nature  of  the  body  itfelf. 
Thus  the  image  made  by  a mirror,  tho*  that  be  an  artificial  body,  falls  under 
the  confideration  of  the  naturalid,  as  well  as  when  the  like  image  is  prefented 
by  calm  and  clear  water ; and  artificial  rain-bows  have  as  jud  a title  to  his  con- 
templation, as  that  form’d  in  the  clouds.  The  fame  may  be  faid  of  echoes. 
And,  indeed,  fuch  kind  of  phenomena  ufually  require  the  fame  folutions, 
whether  human  fkill  intervene  or  no,  in  their  exhibition.  And  fecondly,  that, 
as  we  formerly  faid,  man’s  power  over  the  creatures  depends  chiefly  on  his 
knowledge  of  them  -,  and  therefore  whatever  ferves  to  encreafe  his  knowledge, 
is  likely  to  encreafe  his  power.  Thefe  two  obfervations  being  premifed,  I 
come  to  particulars. 

’Teaching  the fi-  Mathematics,  then,  teach  men  the  nature  and  properties  of  figures,  both  in 
gures  of  bodies.  furfaces  and  folids,  with  the  relation  between  the  fuperficies  and  folidity  of  the 
fame  body.  Matter  is,  indeed,  the  fubjeft  of  the  naturalid’s  fpeculations  -,  but  if 
all  the  operatfons  thereof  depend  upon  the  modifications  its  local  motion  receives 
from  the  magnitude  and  figure  of  its  parts,  it  cannot  be  doubted,  but  the  know- 
ledge of  what  figures  are  moreorlefs  capacious, more  or  lefs  proper  for  motion,pe- 
netration,  refiftance,  &c.  muff  be  of  confiderable  ufe  in  explaining  many  pheno- 
mena of  nature:  but  the  doftrine  of  figures  is  wholly  learnt  from  the  geometrici- 
ans,who  treat  exprdly  of  triangles, circles^llipfes,  parabolas,  hyperbolas, fpheres, 
cones,  cylinders,  prifins,  pyramids,cubes,£5? c.  and  thereby  intimate  the  figures  of 
other  bodies  compofed  hereof, or  bearing  fome  analogy  to  them.  There  are  various 

* Nothing  can  more  powerfully  recommend  by  means  thereof;  and  were  without  that  afliftance 
the  ftudy  of  mathematics,  than  to  know,  that  the  impoflible. 
grand  difcoveries  of  Sir  J/dac  Newton,  are  made  1 
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properties  both  of  plain  and  folid  figures,  with  their  relations,  particularly  fuch 
wherein  motions  are  made,  the  knowledge  whereof  may  be  of  great  ufe  both  to 
the  fpeculative  and  pradtical  natural ift.  To  know  the  proportion  which  Archi- 
medes has  demonftrated  between  a fphere  and  a cylinder-,  of  both  thefeto  a cone'; 
that  a pyramid  is  the  third  of  a prifm  with  the  fame  bafe  and  altitude  ; in  a 
word,  to  know  the  proportions  between  the  geometrical  bodies,  may  be  ufe- 
ful  in  cafes  where  one,  and  not  another  of  them,  is  procurable.  We  have  an 
inftance  hereof  from  Ghetaldus , who  cou’d  not  procure  an  exadt  metalline 
fphere,  wherewith  to  examine  the  proportionable  weight  of  bodies  of  the  fame 
bulk  and  therefore,  in  its  Head,  made  ufe  of  a true  cylinder,  which  was  eafily 
attainable  ; having  learnt  from  Archhnedes , that  a cylinder,  whofe  bafe  equals 
a great  circle  of  a fphere,  and  height,  the  diameter  of  the  fame,  is  to  that  fphere 
as  three  to  two  -,  fubflracbing,  therefore,  a third  part  of  the  whole  weight  of  his 
cylinder,  the  remainder  gave  him  the  weight  of  the  fphere  he  defired  : and  this 
beingonce  obtain’d,  he  thence  deduced  the  weight  of  other  fpheres  he  had  occa- 
fion  to  employ,  in  the  conftrudtion  of  thofe  tables,  that  have  been  greatly  ufed 
by  fucceeding  mathematicians.  And  I myfelf  have,  alfo,  made  applications 
of  this  fame  theorem  of  Archimedes.  Since  Galileo  and  T* orricelli  have  demon- 
ftrated, that  projedtils,  in  their  motion,  deferibe  a parabola  ; it  muft  be  of  fer- 
vice  in  the  art  of  gunnery,  and  other  cafes,  to  be  well  acquainted  with  the  pro- 
perties of  that  figure  ; which  is,  alfo,  thought  capable  of  performing  wonders 
in  Specula , cou’d  they  be  ground  thereto  : for  all  the  rays  of  light,  falling  then 
parallel  to  the  axis,  they  wou’d  be  reflected  from  the  furface,  to  a point,  or 
focus  -,  where,  if  the  glafs,  or  metal,  be  large,  the  heat  will  be  more  intenfe, 
than  from  a fpherical  glafs  of  equal  magnitude.  But  I fhall  not,  here,  infill 
upon  the  numerous  diverting  experiments  to  be  made  in  catoptrics,  by  means 
of  fpherical,  cylindrical,  and  other  kinds  of  reflecting  glafles. 

Even  pure  mathematics,  exclufive  of  the  advantage  it  brings  to  the  mixt,  may  Dividing  of 
be  greatly  ufeful  in  human  life,  and  to  experimental  philofophy.  The  proper-  ™eights. 
ties  of  arithmetical  and  geometrical  progrefiions,.  in  numbers,  feem  foreign  to 
the  bufinefs  of  lhops  and  ware-houfes  yet,  by  a knowledge  of  the  double  pro- 
grefiion,  beginning  with  an  unit,  as,  i,  2,4,  8.  wherein  the  confequent  is  al- 
ways double  to  the  antecedent,  much  trouble  and  expence  may  thereby  be  faved ; 
for,  with  three  weights,  all  the  pounds  from  one  to  feven,  inclufive,  may  be 
weigh’d  and  with  four,  all  thofe  not  exceeding  fifteen  : and  from  this  obser- 
vation proceeds  the  divifion  of  fome  fets  of  weights  ufed  by  our  goldfiniths. 

But  if  weights  are  to  be  ufed  in  both  feales,  to  reduce  them  to  an  equilibrium  *, 
the  triple  progreflion,  as,  1,3,9.  ^as  a more  notable  property,  from  the  con- 
fideration  whereof,  Stifelius  concluded,,  that,  by  three  weights,  any  number  of 
pounds  may  be  weigh’d,  from  one  to  thirteen,  inclufive  ; with  four,  any  num- 
ber from  one  to  forty,  inclufive  *,  with  five,  any  not  exceeding  a hundred  and 
twenty-one  and  with  only  fix  weights,  all  the  pounds  from  one  to  three  hun- 
dred and  fixty  four.  But  the  method  of  ordering  fo  few  weights,  to  lerve  fo  ma- 
ny purpofes,  is  beft  found  out  by  algebra  ; and  being  as  well  applicable  to  the 
parts  of  pounds  of  different  denominations,  it  may  be  ferviceable  to  thofe  who 
make  ftatical  experiments.  The  Regida  combinatorial  likewife,  tho’  not  fully  ex- 
plain’d-* 
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plain’d  by  the  modern  algebraifts,  will,  if  I miftake  not,  when  fymbolically 
managed,  and  fkilfully  applied,  be  very  ferviceable  to  the  naturalift,  on  cer- 
tain occa  lions. 

h framing  by-  We  may  next  obferve,  that  mathematics  will  greatly  aftift  the  naturalift  in 

po thefts.  framing  hypothefes,  and  judging  of  thofe  advanced  by  others.  What  wretched 

theories  even  famous  naturalifts  may  run  into  for  want  of  this  knowledge,  ap- 
pears from  the  accounts  whichEpicurus  and  Lucretius  give  us  of  the  celeftial  bo- 
dies. And,  indeed,  what  fatifadtory  account  can  be  given  of  the  varying  lengths 
and  viciftitudes  of  days  and  nights,  eclipfes,  the  ftations  and  retrogradations  of 
the  planets, and  other  aftronomicalphenomena,withoutmathematicai  knowledge? 
And  without  the dodtrine  of  the  fphere,  what  naturalift  can  tell,  which  is  the  true 
fyftem  of  the  world,  the  Ptolemaic , Lychonic , or  Copernican  ? Withoutarithme- 
ticand  geometry  no  knowledge  can  be  had  in  aftronomy,  efpecially  not  of  the  in- 
tricate theories  of  the  planets  *,yet  this  fcience  cannot  be  too  highly  prized, that  tells 
us  our  earth  is  but  as  a center  to  the  immenfely  diftant  fphere  of  the  fixed  ftars. 
Shewing  the  The  ufefulnefs  of  pure  mathematics  to  geography  is  evident ; and,  furely,  no 
true  fyftem  of  jnquifitive  perfon  will  defpife  arts,  which,  alone,  can  fhew  us,  whether  the 
the 'world.  earth  we  inhabit  moves,  or  ftands  ftill.  But  there  are  various  phenomena  of 
nature,  neither  aftronomical,  nor  geographical,  wherein  the  ufefulnefsof  mathe- 
matics is  vifible  •,  for,  as  to  phenomena  of  vifion,  what  a pitiful  account  have  we 
of  it  from  th zAriftotelian  philofophers,  phyficians,  and  even  famous  anatomifts, 
who  were  ftrangers  to  geometry,  incomparifonof  the  modern  mathematicians? 
And  whoever  is  acquainted  with  dioptrcis,  muft  be  fenfible,  that  a knowledge 
of  the  properties  of  convex  bodies,  the  laws  of  refradtion,  and  the  dodtrine  of 
Iaews  conic  fedtions,  are  required  to  explain  moft  of  the  phenomena  in  vifion.  A ftran- 

ger  to  this  part  of  mathematics  will  fcarce  underftand  the  admirable  ftrudture  of 
the  eye  ; how  the  cryftalline  humour  refradts  and  converges  the  rays  of  light  that 
come  from  the  objedt,  to  paint  the  pidture,  upon  the  Retina , in  the  bottom  of 
the  eye  j why  that  pidture,  by  reafon  of  the  crofting  of  the  rays,  is  there 
inverted,  tho’  the  objedts  themfelves  appear  eredt ; why  fmall  objedts,  placed  near 
the  eye,  and  feen  under  a greater  angle,  feem  as  large  as  bigger,  that  are  more  re- 
mote therefrom  *,  and  much  lefs  will  he  comprehend  the  reafon  of  many  delufive 
appearances  exhibited  by  concave,  convex,  conical, and  cylindrical  glades. 

The  dotlrine  of  Andfince  from  the  magnitudes  of  different  bodies,  or  the  various  parts  of  the 
ratios.  fame,  and  their  degrees  of  velocity  in  motion,  a certain  relation  will  arife,  called 

ratio,  or  proportion,  the  dodtrine  whereof  is  the  nobleft  part  of  mathematics  ; 
he,  who  is  not  indifferently  fkill’d  in  this  fcience,  has  laid  but  a poor  founda- 
tion for  philofophy.  The  fifth  book  of  Euclid* s Element s,  where  the  dodtrine 
of  proportions  is  principally  deliver’d,  may,  perhaps,  prove  more  inftrudtive  to 
a naturalift,  than  the  fifth  book  of phyfics.  No  wonder,  then,  that 
Plato,  by  an  infcription  placed  over  the  gate  ofhisfchool,  forbid  entrance  to 
thofe  unfkill’d  in  geometry,  as  being  unfit  to  judge  of  what  he  taught.  Nay,  there 
are  fome  confiderable  phenomena  of  nature,  which  will  remain  unintelligible  to 
thofe  who  know  nothing  of  the  dodtrine  of  proportions.  Thus,  when  ’tis  faid, 
in  optics,  that  light  decreafes,  in  a duplicate  proportion  of  its  diftance  from  the 
illumin’d  body,  aperfon  unacquainted  with  proportions  cannot  affix  any  mean- 
ing to  this  theorem  $ much  lefs  cou’dhcknowthe  truth  thereof.  So  when  the  fame 

pro- 
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proportion  is  by  Merfennus  applied  to  founds,  a common  reader  wouM  remain 
in  the  dark,  did  not  the  author  add,  by  way  of  explanation,  that  if,  for  in- 
flance, the  found  of  a piece  of  ordinance  be  heard  at  a league’s  di fiance,  the 
laid  found  wou’d  be  heard  four  times  frronger  at  the  diflance  of  half  a league. 
Nor  will  this  example  itfclf  give  fuch  a reader,  as  we  fpeak  of,  a clear  idea  of 
the  propofition.  We  have  a moreconfiderable  inflance  of  this  kind  from  the 
noble  difcovery  made  by  Galilao , that  when  a heavy  body  defcends  in  the  air, 
the  fpaces  thro’  which  it  paffes,  are,  from  the  beginning  to  the  end  of  its  fall,  in 
a duplicate  ratio  of  the  equal  parts  of  time  fpent  in  falling ; for  heobferved,  that  a 
brafs  bullet,  of  an  hundred  pound  weight,  defcended,  in  the  fpace  of  one  minute, 
an  hundred  Florentine  cubits,  or  one  hundred  and  eighty  Englifh  feet ; but  then 
it  falls  in  fuch  a ratio,  that  it’s  velocity  encreafes  in  a progreflion  of  odd  num- 
bers, beginning  from  an  unit  •,  fo  that  if  in  the  firfl  moment  the  weight  fall  one 
fathom;  in  thefecond,  it  will  fall  three;  in  the  third,  five;  in  the  fourth,  feven, 
£s?f.  whence  Merfennus  gives  this  general  rule:  “if  the  times  be  given  to  find  the 
46  fpaces,  fquare  the  former,  and  you’ll  have  the  ratios  of  the  latter;  but  if  the 
44  fpaces  be  given  to  find  the  times,  the  root  of  the  fpaces  will  give  the  ratio 
44  of  the  times.”  Another  inflance,  to  fhewtheufe  of  mathematics  to  a natural  ifl, 
may  be  taken  from  flatics,  where,  in  the  balance  or  lever,  the  proportion  be- 
tween equivalent  weights,  and  their  diflances  from  the  prop,  is  reciprocal ; 
whence,  with  the  flilyard  and  a fmgle  weight,  a confiderable  number  of  pounds 
may  be  weigh’d.  But  this  grand  theorem  with  others,  that  alfo  ferve  to  ex- 
plain the  phenomena  of  motion,  cannotwell  be  underflood  without  an  infight 
into  geometry,  and  the  dodtrine  of  proportions;  And  that  mechanics  may 
vaflly  affifl  the  naturalifl,  will  be  readily  allow’d,  when  ’tis  known  how  ma- 
ny of  nature’s  works  are  engines,  and  operate  accordingly. 

The  do£lrine  of  proportions,  as  it  is  the  foul  of  mathematics,  fo  it  may  be- 
come prodigioufly  ferviceable  in  philofophy  alfo  ; and  that  not  only  by  affifl- 
ing  the  naturalifl  to  underfland,  as  we  have  feen,  many  phenomena  of  na- 
ture, but  as  it  may  enable  him  to  perform  what  he  otherwife  cou’d  not. 
The  pendulum  is  the  mofl  accurate  inflrument  we,  at  prelent,  have  for  mea- 
furing  fhort  fpaces  of  time ; but  he  who  wou’d  know  the  due  length  of  one 
to  fwing  any  determinate  fpace,  as  half  a fecond,  for  inflance,  mufl  find  it 
out  by  trial  and  obfervation,  unlefs  he  be  acquainted  with  the  dodlrine  of 
proportions  ; whereas,  if  that  be  underflood,  and  the  phenomena  of  pen- 
dulums, he  may,  from  the  length  of  one  that  meafures  a known  part  of 
time,  deduce  the  length  of  others  to  meafure  different  parts  thereof ; 
without  making  any  new  trials  or  obfervations.  Thus,  according  to 
Merfennus , a firing,  with  a bullet  fixed  to  the  end  of  it,  the  length  whereof, 
including  the  bullet,  is  three  feet  and  a half,  vibrates  feconds*  ; and  it  is  a 
known  theorem,  that  “ pendulums,  alike  in  every  thing  but  length,  have 
44  their  lengths  in  a duplicate  proportion  of  their  refpedlive  times  of  vibration, 
“ or  as  the  fquares  of  their  vibrations  in  the  fame  time  ;”  whence  the  times  are 
in  a fubduplicate  proportion  to  the  lengths  of  the  pendulum : if  a pendulum, 

* According  to  M.  Huygens,  the  length  of  the  Or,  according  to  common  ufe,  among  us  39,  z 
pendulum  that  vibrates  feconds  is  3 French  feet,  inches. 

8 i lines.  Horolog . Ofcillator,  Part.  4.  prop.  25. 
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therefore,  were  defiredto  vibrate  half  feconds,  it  muft  not  be  afoot  and  three 
quarters  long,  which  is  half  the  length  of  one  that  vibrates  whole  feconds  ; for 
that  wou’d  be  much  too  long ; nor  cou’d  it  fometimes,  for  want  of  a ftandard, 
be  difeover’d  how  great  the  excefs  was  : but  as  the  proportion  between  a fecond 
rand  half  fecond  is  double,  and  the  proportion  between  the  length  of  the  two 
firings  muft  be  duplicate  of  that  of  the  times  ; it  follows,  that  the  length  of  the 
firings  muft  be,  as  4 to  1,  which  is  duplicate  of  2 to  1 ; fo  that  the  firing,  to 
vibrate  feconds,  ought  to  be  but  a fourth  of  the  length  of  the  other.  And  this 
appears  from  other  calculations,  and  experience  itfelf. 

The  art  of  compofingthe  vaft  variety  of  tunes  that  render  mufrefo  delight- 
ful, depends  upon  the  do&rine  of  proportions  •,  and  whoever  is  well  fkill’d 
herein,  and  can  apply  it  to  notes  or  words  propofed,  according  to  the  obferva- 
tions  of  the  gratefulnefs  of  particular  confonancies,  may  of  himfelf  compofe  a 
great  variety  of  new  and  pleafing  tunes,  which  are  fo  many  inftances  of  his  power. 

Perhaps,  alfo,  mathematics  may  fugged  to  the  natural i ft  many  new  experi- 
ments o whereby  to  vary  thofe  already  made  concerning  the  figures  of  bodies, 
the  lines  of  motion,  numbers,  proportions,  and  the  like;  for ’tis  probable, 
that  fuggefted  experiments  as  wou’d  either  be  overlook’d,  or  unfkilfully  pro- 
pofed, for  want  of  mathematics,  will  either  immediately,  or  by  means  of  their 
applications,  prove  ferviceable  to  mankind.  What  numbers  of  experiments 
and  obfervations  in  the  definitive  art  of  gunnery  have  been  propofed  and 
made  from  hints  fuggefted  by  mathematicians  ?*  But  thefe  I leave,  and  come 
to  their  lefs  pernicious  difeoveries.  Pure  mathematics  have  help’d  to  difeo- 
ver,  and  derive  from  familiar  obfervations,  a great  variety  of  phenomena. 
From  obferving,  that  the  rays  of  light  are  refradled  in  paffing  thro’  different 
mediums ; and  that,  in  particular  circumftances,  the  fun  and  moon  will  be  eclipf- 
edat  particular  times,  very  confiderable  deductions  have  been  made  by  mathe- 
maticians in  optics,  aftronomy,  geography,  navigation,  and  chronology.  And 
whoever  confiders  the  doClrine  of  proportions,  of  concords  and  difeords,  with 
the  great  number  of  mufical  inftruments  they  have  occafion’d,  and  the  other 
kinds  of  hints  they  may  afford  ; and  is,  at  the  fame  time,  acquainted  with  thofe 
ingenious  and  ufeful  experiments  in  optics,  derived  from  obferving  that  the  an- 
gle of  incidence  made  by  the  rays,  is  equal  to  that  of  refledlion  ; that  on  curve 
furfaces  the  angle  may  be  eft i mated  as  made  by  a tangent  thereto  ; that  the 
rays  paffing  from  a rarer  medium  into  a denfer,  are  refra&ed  towards  the  per- 
pendicular ; but,  out  of  a denfer  into  a rarer,  from  the  perpendicular  ; who- 
ever, I fay,  confiders  all  this,  and  how  great  a variety  of  propofitions  have,  by 
the  mathematics,  been  deduced  from  thefe  few  obfervations,  cannot  but  grant 
What,  by  fo  many  inftances,  I have  endeavour’d  to  provef . To  conclude 
toiis  fubjeCl  ; many  practical  points  of  doClrine  reckon’d  among  mixt  mathe- 
matics, may  aflift  the  naturalift  in  making  experiments  and  obfervations, 
which  hecou’d  either  not  at  all,  or  but  imperially,  make  without  them  ; thus,. 


* For  a complete  theory  of  the  whole  art  of 
gunnery,  deliver’d  in  a few  propofitions,  fee  Philof. 
<[ranf.  N°  179.  p.  9.  Or,  rather,  the  pofthumous 
works  of  Mr.  Cotes , lately  publifhed  by  his  wor- 
thy fucceffor  in  the  Plumian  chair. 


-j:  Upon  thefe,  and  a few  other  properties  of 
light,  demonftrated  by  others,  and  taken  for 
granted  by  Sir  Ifaac  Newton , that  great  philo- 
sopher, has  raifed  his  wonderful  theory  of  light 
and  colours. 

diallings 
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dialling,  for  inftance,  teaches  to  meafure  time,  and  tends  chiefly  to  pradtice ; 
the  art  of  perfpedlive  is  of  great  fervice  in  reprefenting  folids  and  diftances 
upon  fmall  and  plain  furfaces  *,  as  alfo  in  limning  : and  with  this  both  fcholars 
and  travellers  wou’d  do  well  to  acquaint  themfelves,  in  order  to  reprefent  and 
adorn  the  hiftory  of  nature,  and  feveral  parts  of  navigation.  But  if  it  be  undeni- 
able, that  in  thefe,  and  other  inftances,  mixt  mathematics  are  of  ufe  to  thena- 
turalift,  and  enable  him  to  extend  the  empire  of  mankind  ; ’tis  certain,  that 
pure  mathematics  mult  be  fo  too  *,  fmce  ’tis  from  the  theory,  that  not  only  thefe 
more  practical  parts  are  derived,  but  a greater  number  of  mixt  mathematical 
fciences  may  take  their  rife.  Mufic  conflfts  of  pure  mathematics  and  founds,  hy- 
droftatics  of  mathematics  and  water ; fo  that  by  an  union  thereof, with  other  fub- 
jedbs,thedo£trines  of  mixt  mathematics  will  probably  be  advanced,  both  in  num- 
ber and  ufefulnefs.  Nor  is  it  only  upon  the  forefaid  parts  of  learning  wherein 
ufeful  applications  of  pure  mathematics  may  be  made  : other  fciences  have  a 
great  dependance  on  thefe  fublime  ones,  and  particularly  thofe  which,  in  a 
large  fenfe,  are  call’d  mechanical,  whereof  we  come  next  to  treat. 


SECT.  III. 


BY  mechanics,  [ underftand  not  Amply  the  do&rine  of  the  moving  powers,  Mechanics  ad. 

or  the  method  of  improving  force,  and  forming  engines  ; but  in  general,  wantagious  to 
all  thofe  parts  of  knowledge  that  confift  in  the  application  of  pure  mathema-  n^alhhll°- 
tics  to  produce  or  modify  motion  in  bodies*.  That  this  fcience,  therefore,  is 


* ’Tis  a juft  notion  of  mechanics  which  Sir 
Jfaac  Newton  delivers  in  the  preface  to  his  ad- 
mirable Principia.  The  ancients,”  fays  that 
great  author,  “ made  two  kinds  of  mechanics, 
“ a rational  and  a practical.  For  the  manual 
“ operator,  ufually  performing  his  part  inaccu- 
<£  rately,  gave  occafton  to  diitinguifh  between 
**  mechanics  and  geometry,  and  fo  to  refer 
“ whatever  is  perfed  to  the  latter  j but  what 
“ is  lefs  perfed,  to  the  former.  The  error, 
“ however,  is  not  owing  to  the  art,  but  thofe 
“ who  pradife  it.  Whoever  works  inaccurately, 
“ is  an  imperfed  mechanic  ; but  cou’d  a man 
“ perform  to  the  utmoft  exadnefs,  he  wou’d  be 
“ a perfect  mechanic.  To  defcribe  right  lines 
“ and  circles,  in  which  geometry  is  founded, 

“ belongs  to  mechanics ; and  geometry  does 
“ not  teach  to  draw  them,  but  fuppofes  them 
“ to  be  drawn  ; for  it  requires  that  the  ftudent 
Ihou’d  exadly  defcribe  them  before  he  enters  | 
“ upon  geometry  ; and  afterwards  (hews  how 
4<  problems  may  be  folved  by  means  of  thefe 
“ operations.  To  defcribe  right  lines  and  cir- 
cles  are  problems,  but  not  geometrical  ones ; 

44  the  folution  of  them  being  fuppofed  from  me- 


(t  chanics,  and  their  ufe,  when  folved,  taught 

“ in  geometry. Geometry,  therefore,  is 

“ founded  in  the  pradice  of  mechanics,  and  is 
“ only  that  part  of  univerfal  mechanics,  which 
“ with  accuracy  propofes  and  demonftrates  the 
“ art  of  menfuration.  But  manual  arts  being 
“ principally  employ’d  in  giving  motion  to  bo- 
“ dies,  geometry  is  commonly  confin’d  to  mag- 
“ nitude,  and  mechanics  to  motion.  And  in 
“ this  fenfe  rational  mechanics  is  an  accurate 
“ exhibition  and  demonftration  of  the  doctrine 
of  motions,  from  whatever  powers  they  pro- 
“ ceed,  and  of  the  powers  neceftary  to  all  mo- 
“ tion.” 

The  effedls  of  machines,”  fays  that  excel- 
lent mathematician  C.  Wolf  us,  “ following  up- 
£<  on  their  ftrudlure  by  unalterable  laws  of  na- 
“ ture,  all  operations  of  bodies  are  call’d  me- 
“ chanical,  becaufe  they  ad  agreeably  to  their 
“ ftrudure,  and  the  eternal  laws  of  motion.  He, 
“ therefore,  is  a mechanical  philofopher,  who 
“ plainly  ftiew  s,  by  the  laws  of  motion,  how 
“ the  effeds  of  things  follow  from  their  ftruc- 
“ ture.”  Wolfij  Element.  Meehan,  p.  642. 
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greatly  advantagious  to  experimental  philofophy,  and  to  enlarge  the  empire 
of  man,  appears,  in  that  many  of  thofe  things  above  fliewn  to  render  mathe- 
matics ufeful  to  the  naturalift,  may,  mutatis  mutandis , be  underftood  here  alfo  *, 
tho’  this  fcience  has  fome  peculiar  advantages.  To  come  to  particulars.  The 
phenomena  of  this  dodtrine  belong  to  the  hiftory  of  nature  in  its  full  extent, 
and  therefore  challenge  the  naturalift’s  confideration  *,  fo  that  being  thoroughly 
underftood,  we  may  well  fuppofe  it  will  greatly  contribute  to  the  advancement 
of  his  knowledge,  and  confequently  of  his  power.  Thus,  for  inftance,  when 
a piece  of  wood  plunged  in  water  emerges  and  floats,  even  vulgar  naturalifts 
think  it  belongs  to  them  to  account  for  this  phenomenon,  which  they  fancy 
proceeds  from  the  pofltive  levity  of  the  wood  tho’  fome  woods  that  fwim  in 
water,  may  fink  in  oil  or  fpirit  of  wine.  And  may  not  a philofopher  find  out 
the  reafon,  why  one  part  of  floating  wood  keeps  above  the  furface,  whilft  the 
other  finks  beneath  it ; and  why  the  extant  part  of  different  kinds  of  wood 
bears  different  proportions  to  that  immerfed,  in  the  fame  or  different  waters  ? 
For  if  thefe,  and  the  like  phenomena,  be  carefully  examin’d  hydroftatically, 
the  caufe  thereof  will  not  only  appear  ; but  alfo,  by  applying  that  difcovery, 
an  eafy  way  is  obtainable  to  eftimate  the  different  ftrengths  of  falt-fprings, 
brines,  and  lixiviums,  with  other  practical  corollaries. 

By  helping  to  Mechanics,  alfo,  help  to  invent,  and  judge  of  hypothefes  relating  to  the  fub- 
invent  and  jedts  wherein  they  are  concern’d.  This  appears  not  only  in  the  fcrew,  the 
judge  ofaypo-  crane5  tbe  balance,  &c.  but  in  many  familiar  phenomena,  wherein  this  doc- 
trine is  ufually  thought  little  concern’d  *,  as  the  bearing  a pike,  a mufquet,  on 
the  fhoulder  •,  the  force  of  a ftroke  given  with  a long  or  a fhort  inftrument, 
or  held  in  a particular  pofture  •,  the  power  of  a fhip’s  rudder  the  rowing  of 
boats  * the  breaking  of  wood  •,  with  a multitude  of  other  common  and  obvious 
inftances,  whereof  mechanics  will  furnifh  us  with  a better  account  than  the 
fchoolmen,  and  fuch  as  are  ignorant  of  the  properties  of  the  centre  of  gravity, 
the  feveral  kinds  of  levers,  the  wedge,  & c. 

And jblve  phe-  But  there  are  many  things  in  phyfics  that  cannot  be  well  explain’d,  nor  under- 
nawena ; as  ftood,  without  the  afiiftance  of  mechanics  •,  for,  abundance  of  phenomena,  the 
particularly , phy fical  caufes  whereof  may  be  aflign’d  by  the  naturalift,  cannot  be  juftly  and 
%n  :y"r°J  al'C5'  properly  deliver’d  without  a knowledge  in  ftatics,  hydroftatics,  &c.  as  appears 
by  the  above-mention’d  examples  of  the  floating  and  finking  of  wood  in  water  ; 
for,  were  the  reafon  of  this  appearance  demanded  of  a fchool-philofopher,  he 
wou’d  anfwer,  that  wood,  abounding  with  air,  an  element  much  lighter  than 
water,  that  detains  it  upon  the  furface  of  the  fluid.  But  this  reafon  is  not  fatif- 
fadtory  to  a naturalift  verfed  in  hydroftatics.  For,  not  now  to  examine  whether 
there  be  fuch  a thing  as  pofltive  levity,  or  whether  the  air  poflefles  that  quality, 
experience  fhew’s,  that  tho*  when  wood  is  lighter  than  an  equal  bulk  of  water,, 
it  will  fwim  ; yet  if  it  be  heavier,  it  finks  therein  ; as  guaiacum,  wherein  I the 
rather  chufeto  inftance,  becaufe  the  chymifts  obferve  it  leaves  lefs  allies  (in  which 
the  terreftrial  and  heavy  parts  are  fuppofed  to  refide)  when  burnt,  than  other 
woods  which  float  on  water.  Iron  and  ftones,  by  reafon  of  their  weight,  are 
thought  to  contain  little  air,  yet  they  rife  or  float  if  immerfed, or  plunged  in  a fluid 
fpec ideally  heavier  than  themfelves  \ as. any  one  may  try  with  quick-filver  or  melt- 
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ed  lead ; from  whence  it  appears,  that  the  predominancy  of  the  air  need  not 
be  legarded  in  bodies,  when  confider’d  as  to  their  finking  or  fwimming  in  a 
propofed  fluid.  And  tho’  air  were  admitted  as  the  caufe  of  a body’s  floating, 
it  cou’d  only  be  a remote  one ; the  immediate  caufe  being,  that  the  body  is 
lighter  than  an  equal  bulk  of  the  fluid  ; and,  therefore,  the  fame  body,  with- 
out acquiring  or  lofing  air,  may  fwim  in  one  water,  and  fink  in  another  as 
loaded  fliips  have  been  found  to  do  upon  coming  into  frefh  water : and  an 
egg  that  finks  in  common  water,  will  be  fuftain’d  in  ftrong  brine.  Nay,  a 
body  may  befopoifed,  as  to  fink  if  the  fluid  grow  warm,  and  emerge  again  when 
that  becomes  cold.  But  if  the  levity  ofthe  air  cannot  account  for  the  floating  and 
finking  of  wood,  much  lefs  will  it  afford  a fatisfadlory  reafon,  why  different 
kinds  of  wood,  in  the  fame  water,  or  the  fame  kind  in  different  waters,  will 
fink  to  a certain  depth,  whilft  this  phenomenon  is  eafily  folved  from  hydroflatics ; 
for,  according  to  Archimedes , “ folids  lighter  than  the  fluid  they  are  put  in, 
“ will  fink,  till  a quantity  of  the  fluid  equal  in  bulk  to  the  part  immerfed, 
cc  becomes  equal  in  weight  to  the  whole  floating  body,  ” from  whence  flow 
thefe  corollaries.  A floating  body  bears  the  fame  proportion  in  weight,  to 
a quantity  of  fluid  equal  to  it,  in  bulk,  as  the  immerfed  part  of  the  body 
bears  to  the  whole  of  the  fame  body.  A quantity  of  fluid,  equal  in  bulk  to 
the  whole  body,  has  the  fame  proportion,  in  weight,  to  the  faid  body,  as  the 
whole  body  has  to  the  part  below  the  furface  of  the  fluid.  And  as  thefe  corol- 
laries determine  the  proportion  between  the  immerfed  and  extant  part  of  the 
floating  body,  they  fuggeft  a way  of  contriving  a fmall  and  light  floating  in- 
flrument  to  meafure  the  different  gravities  of  feveral  liquors.  And  hence,  ah 
fo,  Stevinus  fhews,  that  if  the  part  of  a floating  body  immerfed  in  a fluid  be 
known,  together  with  the  fpecific  gravity  of  that  fluid,  the  weight  of  the  whole 
folid,  how  large  foever,  may  be  determin’d.  Thus,  fuppofe  the  part  of  a 
fhip  lying  under  water  be  100,000  cubic  feet,  and  that  each  cubic  foot  of 
water  weighs  70  pound,  multiply  100,000  by  70,  and  the  product,  7,000,000 
gives  theweight  of  the  lhip,  and  whatever  is  contain’d  therein.  Ask  a mere 
fchool-philofopher,  why  fucking-pumps  will  not  raife  water  above  the  height 
of  40  feet;  or  why,  when  a proper  quantity  of  water  and  quick-filver  is  poured 
into  an  inverted  fyphon,  the  furface  of  the  water  in  one  leg  will  rife  vaftly  higher 
than  the  furface  of  the  quick-filver  in  the  other;  or,  laftly,  why,  tho’  a piece  of 
iron,  and  another  of  marble,  be  equiponderant  in  the  air,  the  metal  appears 
much  heavier  than  the  done  when  theicales  are  plunged  in  water;  and,  I fear, 
he  will  hence  receive  more  perplexity,  than  you  fatisfadlion.  Itwereeafy  to 
add  a multitude  of  queries  whereof  a naturalift,  ignorant  in  mechanics,  cou’d 
give  but  a very  poor  folution  ; which  yet  the  mechanic  wou’d  fatisfadlorily 
anfwer.  And  for  proof  hereof,  I refer  the  fchoolmen  to  Ariftotle' s mechani- 
cal queftions.  But  to  fhew,  that  fome  phyfico-mechanical  phenomena  are  un- 
intelligible without  a knowledge  in  mechanics,  I fhall  produce  a confiderable 
theorem  in  hydroflatics,  thought  to  be  firfl  deliver’d  by  Merfeunus . “The  ve- 
“ locity  wherewith  water  defcends  and  runs  from  tubes  of  equal  bores,  but 
“ unequal  heights,  is  in  adubduplicate  ratio  of  their  heights whence  we  have 
this  corollary,  that  fuch  tubes  are  in  a duplicate  ratio  of  the  velocity  of  the  wa- 
ter that  fubfides  in,  and  runs  out  of,  them  ; fo  that  to  make  one  cylindrical 

tube: 
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tube  of  the  fame  bore  with  another,  run,  in  equal  times,  twice  as  much  wa- 
ter as  that  other,  the  former  muff  be  four  times  the  length  of  the  latter. 

And  as  was  faid  of  mathematics,  fo  alfo  mechanics  will  affifl:  the  naturalift  to 
multiply  experiments  by  the  enquiries  they  will  fugged,  and  the  inferences  and 
applications  whereto  they  lead.  Hereof  we  have  a noble  indance  in  the  Torri- 
cellian experiment,  wherein  aimod  every  year  produces  new  difeoveries.  Mer- 
fennus , alfo,  has  fupplied  us  with  abundance  of  new  propofitions  in  balidics. 
But  Galilao  affords  us  dill  more  noble  examples,  relating  to  the  refidance  of 
bodies  in  breaking  *,  the  force  required  to  break  them  ; and  the  length  where- 
at their  own  weight  will  do  it ; which  he  has  reduced  into  an  art.  ’Twere  need- 
lefs  to  add  farther  particulars  on  this  head,  conffdering  what  a variety  of  ufe- 
ful  propofitions  have  been  deduced,  and  are  dill  mechanically  deducible,  from 
that  obfervation  o {Archimedes,  “that  a folid  body  weighs lefs  in  water,  than 
“ in  air,  by  the  weightofa  quantity  of  water  equal,  in  bulk,  to  that  body.”  And 
that  many  mechanical  theorems  are  fertile  both  in  other  propofitions  and  ufe- 
ful  applications,  I may  hereafter  fhew,  by  the  ufes  I my  felf  have  made  of  this 
very  propofition,  and  its  corollaries. 

As  for  the  peculiar  ufes  of  mechanics,  they  confid  in  the  making  proper  in- 
druments  and  tools  for  experiments  and  obfervations  *,  and  of  this  we  have  a re- 
markable indance  in  the  mariner’s  compafs,  whence  the  benefits  of  navigation 
are  derived.  Baptifta  Porta , and  others,  aferibe  the  difeovery  of  the  nee- 
dle’s directive  faculty  to  Amalphi , a Neapolitan  *,  yet  that  author  owns,  that 
for  want  of  our  prefent  contrivance,  this  lucky  inventor  ufed  a piece  of 
wood,  or  draw,  to  keep  his  needle  afloat  *,  which  was  a very  inconve- 
nient fhift : and  had  mechanics  never  fupplied  us  with  a way  topoife  the  nee- 
dle, fo  as  to  keep  it  horizontal,  notwithdanding  the  rolling  motion  of  the 
jfhip,  the  effedt  of  the  load  done  wou’d  have  continued  very  infignificant  to 
the  didrefs’d  pilot.  ’Tis  mechanics,  alfo,  that,  by  means  of  the  centrobar- 
ric  dodlrine,  has  enabled  us  to  make  the  dipping-needle  ; whofe  phenomena 
are  very  odd  : and  tho’,  as  far  as  I have  try’d,  they  feem  very  uncertain  •,  yet 
it  may  very  poflibly  happen,  that  farther  obfervation  will  reduce  them  to 
fome  theory,  produdlive  of  pradtical  inferences*. 

That  centrobarrics  may  be  of  immediate  ufe,  will  appear  more  credible,  if, 
as  writers  of  unfufpedted  veracity  affureus,  akind  of  lamp  has  been  made,  and 
poifed  fo,  that  tho’  rolled  about  like  a bowl,  the  oil  will  not  be  fpilt,  nor  the 


* The  dipping  needle  feems,  fince  the  time  of 
Mr.  Boyle , to  have  been  applied  to  little  elfe  than 
the  difeovery  of  iron-mines  ; till  Mr.  Whifion 
happen’d  to  confider  it,  and  attempted  to  apply  it 
to  a much  more  noble  purpofe  ; the  difeovery  of 
the  longitude  at  fea.  He  obferves,  that  if  it  be  6 
inches  radius,  of  a prifmatic  or  cylindrical  figure, 
and  ofcillates  along  the  magnetic  meridian , it  here 
performs  every  mean  ofcillation  in  about  6",  and 
every  fmall  one  in  about  5";  but  that  if  it  be  4 
feet  long,  it  makes  every  mean  ofcillation  in  a- 
bout  24",  and  every  fmall  one  in  about  22  "i  that 


the  force  ofmagnetifm  in  this  country,  asitaffedts 
needles  of  a foot  in  length,  is  to  that  of  gravity, 
nearly  as  1 to  300  ; that  the  quantity  of  magne- 
tic power,  accelerating  thefame  dipping-needle, 
as  it  ofcillates  in  the  fame  vertical  plains,  is  as  the 
co-fines  of  the  angles  made  by  thofe  plains,  and 
the  magnetic  meridian,  taken  on  the  horizon  ; 
and,  that  the  times  of  ofcillation  and  vibration  in 
dipping  and  horizontal  needles,  equally  good,  are 
as  their  lengths  diredlly  ; and  the  adtual  velocity 
of  their  points  along  their  arcs  always  equal.  See 
Whifon' s Dipping-Needle. 

flame 
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flame  extinguifh’d.  To  remedy  the  inconveniencies  of  Cardan's  lamp,  I con- 
trived one  after  the  following  manner. 

ABC  By  is  a veflel  of  latton,  well  folder’d  every  where. 

BCy  EFy  are  two  bottoms  folder’d  to  that  veflel. 

F Gy  is  a pipe  folder’d  to  the  bottoms  ; and  whofe  aperture  is  in  the  great 
cavity  FA. 

Hy  is  a hole  in  the  pipe  F Gy  opening  between  the  two  bottoms,  BCy  EF \ 

Iy  is  another  hole,  to  which  is  folder’d  a pipe  I Gy  bent  upwards,  at  G. 

PPy  is  a little  veflel  fit  to  receive  the  wieck  of  the  lamp. 

L My  is  a (lender  pipe,  open  at  both  ends,  and  folder’d  to  the  cover  A By 
in  L *,  and  to  the  bottom  E Fy  in  M.  So  that  by  this  pipe  the  external  air 
may  communicate,  between  the  two  bottoms,  without  penetrating  into  the 
vity  A F. 

Ny  is  a fhort  pipe,  folder’d  to  a hole  in  the  cover  ABy  whereby  oil  may  be 
poured  into  the  cavity  A Fy  and  that  be  flopp’d  afterwards  very  clofe  with  cork. 

For  the  filling  up  of  this  engine,  you  rnuft  flop  the  aperture  G,  of  the  pipe 
I Gy  with  a long  pin  fitted  for  that  purpofe  ; and  the  upper  end  of  the  pipe 
L My  muft  be  flopp’d  too  ; then  pour  in  your  oil  by  the  aperture  N ; which 
done,  the  fame  aperture  Ny  is  to  be  fhut  up  exadtly,  and  both  the  other  to  be 
opened,  viz.  Gy  and  L.  Then  the  oil,  through  the  pipe,  /G,  will  run  and 
fill  the  veflel  P,  till  its  fuperficies  is  in  the  fame  level  with  the  hole  Hy  and 
no  more,  as  might  be  eafily  demonftrated. 

Now  it  is  eafy  to  fee  that  this  lamp  is  free  from  all  the  inconveniencies 
which  the  lamp  of  Cardan  is  fubjedl  to  ; for 

1.  The  air  doth  not  get  into  it  by  ftarts  or  gluts,  as  it  doth  in  Cardan's 
lamp  ; but  when  the  oil  in  PP,  being  wafted  by  the  flame,  comes  to  have  its 
fuperficies  lower  than  the  hole//,  the  oil  from  the  cavity  A Fy  runs  into  PP, 
gently,  becaufe  its  place  left  in  the  cavity  A Fy  is  eafily  fupplied  by  the  ex- 
ternal air,  which  through  the  pipe  L My  and  the  hole  Hy  gets  up  into  the  faid. 
cavity  A F. 

2.  When  the  air  contained  in  the  cavity  A Fy  comes  to  be  rarify’d  by  fome 
heat,  it  drives  out  much  oil,  and  fo  is  able  to  choak  Cardan's  lamp  : but  in  this, 
the  oil  being  thus  driven  out,  gets  into  the  fpace  between  the  two  bottoms,  as 
well  as  into  the  veflel  PP.  Now  the  faid  fpace  between  the  two  bottoms,  by 
reafon  of  its  largenefs,  receiving  twenty  or  thirty  times  more  oil  than  the  vef- 
fel  PP  •,  it  follows,  that  the  fuperficies  of  the  oil  therein  rifeth  twenty  or  thirty 
times  lefs  than  if  all  the  oil  had  been  driven  into  the  faid  veflel.  Therefore, 
when  we  fill  the  lamp,  we  muft  take  care  that  the  pipe  L,  be  well  fhut,  fo  that 
the  air  between  the  two  bottoms,  finding  no  iflue,  may  keep  the  oil  from  fill- 
ing that  fpace,  which  by  this  means,  when  the  hole  L,  is  open,  will  be  fit  to 
receive  the  oil  driven  out  by  the  rarifa£tion  of  the  air  in  the  cavity  A F. 

3.  The  oil  being  always  kept  at  the  fame  diftance  from  the  flame,  the  wieck 
will  not  be  quickly  confumed. 

4.  We  here  have  the  conveniency  to  put  new  oil  into  the  lamp,  without 
moving  or  extinguifhing  the  fame  •,  for  we  need  but  fhut  up  G,  and  X,  and 
pour  the  oil  through  Ny  as  was  faid  before. 


Fig.  1. 
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From  knowing  that  comprefs’d  air  has  a fpring  whereby  it  refills  farther 
compreffion,  and  by  a flight  contrivance  to  apply  this  pneumatical  principle, 
an  acquaintance  of  mine  made  an  engine,  wherein  he  cou’d  dive  to  the  bot- 
tom of  the  fea,  and  there  continue  fometimes  many  hours,  till  wrecks,  or  things 
of  value,  were  found,  and  cables  tied  to  the  funk  guns  of  fhips,  which  were 
afterward  buoy’d  up*.  And  by  this  means  he  acquired  great  riches. 

But  fo  many  examples  might  be  given  of  mechanical  inftruments  and  tools 
ufeful  to  the  naturalift,  that  it  wou’d  be  tedious  to  enumerate  them  •,  nor  is  it  ne- 
ceffary,  fince  the  fhops,  by  exhibiting  them,  may  well  fave  us  the  labour.  But 
as  a knowledge  in  mechanics  helps  the  naturalift  to  proper  inventions,  accord- 
ing to  his  feveral  purpofes,  fo  one  good  contrivance  may  equal,  and,  perhaps, 
produce  many  ufeful  experiments.  He  muft  certainly  be  a dull  naturalift,  who 
can  know  the  properties  of  the  centre  of  gravity,  of  levers,  balances,  ferews, 
wedges,  &c.  and,  by  frequenting  the  fhops,  have  feen  various  engines  to  anfwer 
different  defigns,  and  not  be  able,  by  compounding,  varying,  and  improving 
them,  to  devife  means  he  wou’d  otherwife  not  have  thought  on,  to  make  new 
trials,  or  to  repeat  the  old  ones  with  more  accuracy,  eafe,  and  fome  other  advan- 
tages. And,  that  a good  mechanical  contrivance  may  be  as  valuable  as  many 
particular  experiments,  will  appear  from  examples.  To  valves,  tho’  a flight  and 
obvious  invention,  we  owe  not  only  a great  variety  of  pumps,  and  bellows  j but 
they  alfo  make  very  confiderable  parts  of  many  other  engines  *,  and  may,  as 
fome  trials  have  inform’d  me,  be  employ’d  in  feveral  new  experiments  ; efpe- 
cially  when  made  of  brafs,  and  fo  fmall,  as  fome  I have  obtain’d  from  fkilful 
workmen,  that  they  may  be  ufed  in  little  glafs-pipes  and  fyringes.  By  means 
of  fmall  valves,  and  the  knowledge  of  the  fpring  of  comprefs’d  air,  wind-guns 
have  been  contrived  ; which  ferve  to  Ihew  the  weight  of  the  air,  as  well  as  to 
kill  deer,  or  other  game  ; without  frighting  away  the  reft  by  any  report. 

But,  methinks,  both  mathematics  and  mechanics  have  been  too  much  con- 
find  to  the  ftars,  the  earth,  the  water,  and  fome  few  confpicuous  parrs  of  na- 
ture befides  ; whilft  they  might  be  extended  by  a philofopher  to  various  other 
productions,  both  of  nature  and  art.  Thus  Archimedes  deduced  hydroftatics 
from  the  application  of  vulgar  ftatics  to  the  weighing  of  bodies  in  air  and  wa- 
ter, or  water  alone  ; and  Torricelli , with  others,  lately  applied  the  principles 
of  hydroftatics  to  quick-filver.  But  one  confiderable  advantage  both  mathe- 
matics and  mechanics  may  afford  the  naturalift,  is,  by  fchemes,  figures,  repre- 
fentations,  and  models  *,  which  greatly  affift  the  imagination  to  conceive  many 
things,  and  by  that  means  enable  the  underftanding  to  judge  of  them,  and  de- 
duce new  confequences  therefrom.  ’Twou’d  be  exceeding  difficult,  if  not  im- 
polfible,  to  go  through  fome  tedious  geometrical  demonftrations  without  the 
help  of  a vifible  fcheme  j not  to  mention  how  hard  it  is  to  initiate  perfons  in 
cofmography  and  geography  without  material  figures  and  globes.  And  how 
neceffary  figures  and  models  are  in  the  building  of  fhips,  houles,  engines,  and 


* Dr.  Halley  has  an  excellent  contrivance  of  a 
diving-bell  upon  this  foundation ; wherein  he 
can,  with  all  defirable  convenience,  defeend  to 
an y depth  of  the  fea,  and  there  continue  for  fe- 


veral hours  together.  See  a full  defeription  of 
this  engine,  and  the  manner  of  ufing  it,  in  the 
Philofophical  Tranfattions , No.  349.  p.  492,  and 
No  368.  p.  177. 


other 
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other  ftrudures,  every  one  knows.  And  not  only  mechanics,  mathematics, 
and  anatomy,  (land  in  need  of  fchemes  and  reprefentations,  to  give  clear  con- 
ceptions •,  but  many  phyfical  things  may  by  the  fame  means  receive  illuftra- 
tion.  And  if  Des  Caries  was  the  firft  introducer  hereof,  I think  we  are  o- 
bliged  to  him  ; for,  as  Plato  faid,  God  always  ads  geometrically  *,  fo,  in  many 
cafes,  nature  ads  mechanically,  in  animals,  plants,  and  many  other  bodies  •, 
the  curious  and  fine  contrivances  wherein  being  well  reprefented  to  the  eye, 
may  greatly  affift  us  in  framing  juft  ideas  of  them. 


SECT.  IV. 

IC  O ME  next  to  Ihew,  that  natural  philofophy,  by  adopting  trades, 

may  become  very  beneficial  to  mankind;  for,  firft,  a knowledge  herein t3 
will  improve  the  mind  of  a naturaiift  •,  and,  fecondly,  enable  him  to  advance  trades 
them.  ’Tis  a prejudice  no  lefs  pernicious  than  general,  which  natural  philo- 
fophy, and  the  intereft  of  mankind,  receive,  that  learned  and  ingenious  per- 
fons  Ihould  have  been  kept  ftrangers  to  the  fhops  and  pradices  of  tradefmen. 

Moft  of  the  phenomena  that  arife  in  trade,  are  a part  of  natural  hiftory  *,  and, 
therefore,  demand  the  naturalift’s  care.  Nor  will  it  excufe  the  negled  and 
contempt  of  this  part  of  natural  hiftory,  in  men  of  learning,  that  it  muft  be 
learnt  from  illiterate  mechanics ; or,  that  the  things  it  exhibits  are  works  of 
art,  and  not  of  nature.  The  firft  plea  is  fo  unworthy  of  a philofopher,  as  not 
to  deferve  an  anfwer  •,  and  as  for  the  latter,  there  is  not  that  difference  men, 
ufually,  imagine,  between  the  produdions  of  nature  and  art.  Many  things 
called  artificial,  differ  not  from  the  natural,  in  effence,  but  efficients  : nature 
performs  the  greateft  fhare  of  the  bufinefs  in  abundance  of  trades  •,  for  inftance, 
thofe  of  the  malfter,  brewer,  and  baker  ; in  preparing  raifins,  currans,  and 
other  dried  fruits ; the  making  of  hydromel,  vinegar,  lime,  &c.  for,  in  thefe, 
the  tradefman  does  but  bring  together  the  refpedive  vifible  bodies,  and  leave 
them  to  ad  on  each  other,  according  to  their  feveral  natures.  Thus,  alfo,  in 
making  glafs,  the  artificer  puts  fand  and  affies  together,  but  the  di ffolution 
and  union  are  brought  about  by  the  adion  of  the  fire  thereon  ; as  when  it 
turns  wood  to  afhes,  the  volatile  fait,  oil,  earth,  and  phlegm,  unite  firft  into 
fmoke,  and  then  into  foot.  When  a pear  is  grafted  on  a white-thorn,  the 
fruit  it  bears  will  fcarce  be  thought  unnatural,  tho*  produced  by  a coalition  of 
two  different  bodies  by  means  of  human  induftry. 

But  many  phenomena  in  trades  are,  alfo,  fome  of  the  more  noble  and  ufe-  Me  phenomena. 
ful  parts  of  natural  hiftory*,  for  they  ffiew  us  nature  in  motion,  and  that  too 
when  turn’d  out  of  her  courfe  by  human  power ; which  is  the  moft  inftruc-  to^Ztd  to  be 
tive  ftate,  wherein  we  can  behold  her.  And,  as  the  obfervations  hereof  tend,  learnt  by  a phi- 
diredly,  to  pradice,  fo  may  they,  alfo,  afford  much  light  to  feveral  theories  *,  gopher. 

And  thefe  phenomena  are,  therefore,  the  fitter  to  be  tranftated  into  natural  hi- 
Vol.  I.  S ftory. 
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ftory,  becaufe  the  perfons,  in  whofe  hands  they  lie,  ufually,  know  not  how  to 
defcribe  their  own  pra&ices,  or  the  accidents  they  meet  with ; fo,  that  if 
learned  men  do  not  regifter  thefe  things,  the  hiftory  of  nature  will  be  very 
defective.  And,  doubtlefs,  a naturalift  would  manage  thefe  things  in  fuch  a 
manner,  as  to  render  them  far  more  inftrudtive,  and  fuitable  to  the  defign  of 
a natural  hiftory,  than  when  related,  tho’  ever  fo  faithfully,  by  an  illiterate 
tradefman.  Now,  certainly,  he  is  unworthy  the  knowledge  of  nature,  who 
lcorns  to  converfe  with  the  perfons  from  whom  it  may  be  beft  obtain’d.  For 
tradefmen  are,  commonly,  more  diligent,  in  their  particular  way,  than  any  o- 
ther  experimenters  would  be,  whofe  livelihood  does  not  depend  upon  it.  And, 
as  neceftity  is  the  mother  of  invention,  we,  daily,  fee  that  this  makes  the  neceffi- 
tous  crafts-man  induftrious  and  inventive  ; putting  him  upon  employing  fuch 
things  at  he  would,  otherwife,  never  have  dreamt  of.  By  this  means  new  proper- 
ties, ufes,  and  applications  of  materials,  are  difcover’d  i and  fuch  as  have  efcaped 
the  obfervation  of  others.  Again,  trades  deal,  not  only  in  factitious,  but  natural 
materials,  that  are  unknown  to  claftical  writers,  and  never  ufed  but  in  the  fhops ; 
as  manganefe,  zaft'ora,  emery,  tripoii,  &c.  and  of  both  forts,  there  are  fome  ex- 
ceeding ufeful  *,  thus  glafs-men  and  potters  employ  the  two  former,  and  a num- 
ber of  trades  the  two  latter  of  thefe  particulars.  So,  among  artificial  concretes, 
folders  are  neceffary  to  gold-fmiths,  lock-fmiths,  copper-fmiths,  braziers,  pew- 
terers,  tin-men,  glaziers,  &V.amels  to  gold-fmiths,  glafs-men, &c.  lakes  to  pain- 
ters, heralds,&V.  and  putty  to  amel-founders,  potters,  ftone-cutters,  gold-fmiths, 
glafs-grinders,  &V.  And,  even,  of  thofe  natural  things, whereof mention  is  made 
in  famous  authors,  many  particulars  may  be  learnt  in  the  fhops,  not  otherwife  to 
be  met  with,  as  to  their  differences,  charaCteriftics  of  goodnefs,  and  the  like. 
For  my  own  part,  I confefs,  I have  learnt  more  of  the  kinds,  difti  nations,  proper- 
ties, and  nature  offtones,  by  converfing  with  two  or  three  mafons  and  ftone-cut- 
ters, than  from  Pliny , Ariftotle  and  his  commentators.  Tradefmen  being  unac- 
quainted with  books,  and  the  theories  and  opinions  of  the  fchools,  examine  their 
materials  by  mechanical  ways,  which  their  own  fagacity,  or  cafual  experiments 
affording  them,  may  appear  fmgular,  and  different  trom  what  learned  men  would 
have  taught  them ; tho’,  if  they  ferve  their  purpofe,  are  new  and  inftructive,  and 
the  rather  claim  a place  in  natural  hiftory.  The  obfervationsofa  tradefman,  may 
not,  indeed,  when  firft  they  make  them,  be  fo  accurate  as  thofe  of  learned  per- 
fons ; yet,  that  defect  is  fupplied  by  a frequent  repetition  and  affiduity  j fo,  that 
the  circumftances  he  paffed  over  at  one  time,  will  obtrude  upon  him  at  another* 
till,  at  length,  various  phenomena  will  offer  themfelves,  even  to  an  unattentive 
eye,  which  might  have  efcaped  a more  curious  perfon,  in  two  or  three  expe- 
riments. Tradefmen,  moreover,  frequently,  remark,  in  the  things  they  deal 
with,  many  circumftances  unobferved  by  others,  with  regard  to  the  nature 
of  the  materials,  and  the  operations  performable  therewith.  By  goodnefs 
and  badnefs,  ’tis  true,  tradefmen  commonly  mean  the  htnefs,  or  unfitnefs  of 
things,  to  yield  a confiderable  price,  in  regard  of  the  purpofes  whereto  par- 
ticular trades  employ  them  •,  yet  thefe  properties  ufually  confift  in  qualities  rela- 
ting to  feveral  other  things,  and  applicable  of  feveral  other  purpoles  j for  feme 
of  their  Criteria , are  a difference  in  the  kinds  of  bodies,  of  the  fame  denomi- 
nation* 
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nation.  Thus,  From  the  potter,  the  pipe-maker,  andtheglafs-man,  we  may 
learn  a great  variety  of  clays  *,  and  no  lefs  an  one  offtones,  unobferved  by  clafli- 
cal  writers,  from  ftone-cutters  and  mafons.  So  from  carpenters,  joiners,  and 
turners,  we  may  learn-,  that  fome  kinds  of  wood,  as  oak,  will  endure  both  wet 
and  dry  ; that  others  will  laft  well  within  doors,  but  not  bear  the  weather  ; 
that  fome  will  hold  good  above  ground,  but  not  under  water  •,  and,  laft- 
ly,  that  others  will  continue  better  underwater,  than  in  the  open  air.  And  as 
the  character  id  ics  inform  us  of  the  differences  in  the  kinds  of  bodies,  fo  may 
they,  likewife,  of  many  qualities  therein.  Thus  from  theglafs-men  andfoap- 
boilers,  we  learn  that  fome  afhes,  as  thofeof  kali,  bean-ftalks,  &c.  abound  much 
more  in  fait,  and  make  clearer  and  better glafs  than  others.  The  malfter  teaches 
us  the  different  impreflions  which  barely  receives  from  "the  fewel  wherewith  ’tis 
dry’d.  And  one  whom  I know,  made  great  profit  by  preparing  it  with  wood- 
fires,  in  fuch  a manner,  that  it  could  not  be  difcovered  fo  cheap  fewel  had  been 
ufed  therein  *,  for  he  chofeand  feafon’d  his  wood,  fo  that  even  the  folid  parts 
thereof,  when  cleft,  burnt  almoft  like  draw,  with  a clear  flame  furprizingly 
free  from  linoke.  But  farther,  the  naturalifl,  ufually,  contenting  himfelf  to 
repeat  his  experiments,  once  or  twice,  at  his  leifure,  has  not  equal  opportuni- 
ties with  the  artificer,  nor  is  fo  much  interefted  to  difcern  what  influence  the 
temper  of  the  air,  or  the  feafon  of  the  year,  may  have  thereon.  Thus  tanners, 
we  fee,  gather  their  bark  in  the  fpring,  whilft  the  rifing  fap  abounds  therein, 
becaufe  it  is  not  always  fo  good  for  their  purpofe,  nor  parts  fo  eafily  from  the 
tree.  Joyners  think  wainfcot  not  fufliciently  feafon’d  ’till  it  be  many  years 
old  ; and,  butchers,  in  feveral  countries,  obferve,  that,  tho’  a bullock,  under 
four  or  five  years  old,  be  good  to  eat  foon  after  it  is  kill’d,  yet,  if  falted,  and 
kept  long,  ’twill  thereby  be  fretted,  and  good  for  little.  And,  doubtlefs,  ’tis 
a great  advantage  the  naturalifl:  may  derive  from  trades,  that  the  fame  things 
are,  fucceflively,  practis’d  upon  for  many  ages  ; whence  more  extenfive  obfer- 
vations  are  made  thereon,  than  a philofopher  has  opportunity  for.  Thus  thofe 
who  make  mortars  of  Guaiacum  wood,  and  defign  them  to  be  good,  will 
keep  the  fluff  in  the  houfe  for  twenty  years,  or  more,  to  feafon,  before  they 
ufe  it.  And  experienced  mafons  fay,  that  fome  forts  of  lime  and  ftone  will 
decay  in  a few  years,  whilft  others  arrive  not  to  their  full  hardnefs  in  thirty 
or  forty,  of  which  I have  feen  inftances.  But  a naturalifl,  by  frequenting  the 
(hops  of  artificers,  may,  frequently  learn  other  things,  befides  the  truth  and 
falfity  of  what  they  relate,  as  to  the  hiftory  of  their  profeflions  j for  he  will 
there  obferve  phenomena,  that  are  negleCted  by  the  tradefman,  as  impertinent, 
and  not  tending  to  his  profit  *,  while  torturing  nature  by  his  art,  he  difcovers 
to  an  attentive  eye,  things  not  to  be  met  with  in  books,  nor  ever  dreamt  of  by 
authors. 

On  the  other  hand,  the  naturalifl,  by  his  knowledge,  gain’d  from  an  infpec-  yyh0  may 
tion  into  trades,  as  well  as  his  other  acquirements,  may  contribute  to  the  im -thence  improve 
provement  thereof.  And  this  is  performable  feveral  ways ; but,  particularly,  by  them , various 
increafing  the  number  of  trades  •,  by  collecting  the  obfervations  and  practices  of™*!*' 
different  arts  into  a body  *,  and,  by  fuggefting  improvements  in  particular  trades. 

Nor  is  it  abfolutely  requifite  to  invent  new  ones,  in  order  to  increafe  the  num- 
ber of  trades  j fmce  a revival  of  thofe  known  to  die  ancients,  that  feem  loft  to 
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us,  will  fuffice  for  this  purpofe  ; fuch  are  the  making  of  incombuftible  cloth 
of  Lapis  Amianthus , the  Tyrian  purple,  and  Mofaic  work  ; with  many  others 
mention’d  by  Pancirollus , and  his  commentator  Salmuth  •,  of  which  it  might 
be  proper  to  divulge  a catalogue  •,  becaufe  having  been  once,  actually,  in  be- 
ing, ’tis  poflible  they  may  be  retrieved  in  fuch  an  inquifitive  age  as  the  prefent. 
But  trades  may  derive  another  advantage  from  the  diligent  naturalift,  by 
means  of  feveral  obfervations  made,  and  different  practices  ufed,  therein  •,  which 
the  artificers,  themfelves,  want  either  the  curiofity,  fkill,  or  opportunities  to 
learn  : not  to  mention  the  jealoufy  they  have  of  one  another,  and  their  unwil- 
lingnefsto  difcover  their  fecrets,  where  they  think  their  intereft  concern’d  *, 
whilft  a philofopher  finds  no  fhynefs,  who  enquires  only  to  fatisfy  his  curiofi- 
ty, or  with  a view  to  afiift  them.  And,  doubtlefs,  were  all  the  known  hints, 
fcatter’d  thro’  the  various  employments,  poffefs’d  by  a fingle  perfon,  tho’  but 
of  common  abilities,  he  might  thence  improve  moft  of  the  particular  trades,, 
that  are  retainers  to  philofophy.  And,  perhaps,  it  were  not  amifs,  if  fome 
knowing,  and  experimenting  perfons,  were  appointed  by  the  public  for  this 
purpofe.  Some  French  gardeners  have,  lately,  with  good  fuccefs,  applied  the 
way  of  filtration,  ufed  by  apothecaries,  to  water  tender  plants.  They  place 
wieks  of  cotton,  or  lifts  of  cloth,  in  the  liquor  to  be  flrain’d,  fo  that  they 
hang  over  the  edge  of  the  containing  veffel  below  either  furface  of  the  fluid. 
Thefe  ends  of  the  lifts,  thus  hanging  over  the  roots  of  plants,  will  uniformly 
and  leifurely  fupply  them  with  moifture,  far  better  than  watering  pots.  And 
this  method,  by  a cheap  and  mechanical  contrivance,  may  be  greatly  improved. 
Stone-cutters,  who  caft  figures  with  plaifter  of  Paris , have  a way  to  obtain 
fine  powders,  beyond  what  the  common  fearces  would  allow  of,  by  ftirring 
the  pulverized  material  well  in  water,  and,  foon  after,  pouring  off  the  turbid 
liquor,  at  the  bottom  whereof  an  impalpable  powder  will,  in  time,  fettle,. 
Of  this  method  I have  made  great  ufe  in  chymiftry.  And  if  the  firft  water 
be  fuffer’d  to  remain  fubfiding,  ’till  the  finer  parts  begin  to  defcend,  a 
much  more  fubtile  powder  may  be  gain’d,  than  that  which  artificers  ufually 
employ.  This  method  is,  likewife,  ufeful  to  glafs-men,  potters,  the  makers, 
of  telefcopes  and  microfcopes,  thofe  who  caft  metals  in  fand,  and  others 
particularly  in  China,  to  the  makers  of  porcellain.  The  naturalift  may,  alfo,, 
render  the  materials  of  one  trade  ferviceable  to  another.  The  philofopher 
who  has  furvey’d  a great  number  of  arts,  and  compared  them  together,  may 
well  do  this  to  advantage  ; fince  even  illiterate  mechanics  themfelves  can  make 
ufe  of  each  others  productions.  Thus  litharge,  which  is  only  lead  powder’d, 
and  aim  oft  vitrified  by  being  blown  off  the  refiners  teft,  not  only  ferves  the 
chymift  for  Saccharum  Saturni , and  the  like  medicines  ;•  but  the  . comb- 
makers  to  dye  their  horn  i being  mixed  with  quick-lime  and  fharp  vinegar  *, 
painters,  to  accelerate  the  preparations  of  their  fat  oils  > varnifhers,  by 
caufing  their  work  to  dry  foon  •,  and,  laftly,  it  ferves  to  make  counterfeit 
gems  ; for,  by  being  melted  with  about  a third  part  of  pure  white  fand,  or 
calcin’d  cryftals,  and  then  adding  a fmall  quantity  of  mineral  concretes,  ac- 
cording to  the  colour  intended,  fapphires,  emeralds,  may  be  imitated  •,  tho5 
they  will  come  out  too  ponderous,  foft,  and  dim  the  method  itfelf v being 
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not  the  moft  valuable.  Aqua  fortis  is  ufeful  to  refiners  ; for  herewith  they  fe- 
parate  filver  from  gold  and  copper  ; to  the  curious  workers  in  wood,  for  flam- 
ing and  difcolouring  thereof;  to  dyers,  in  their  colours,  and  even  in  fcarlet ; 
and  to  other  artifts,  for  the  colouring  of  bone  and  ivory  ; which  they  do  by 
fleeping  them  therein,  when  that  is  ting’d  with  copper,  or  verdigreafc,  &c. 
fome,  alfo,  turn  it  into  Aqua  regia , by  difiolving  in  it  a fourth  of  it’s  weight 
of  fal-armoniac,  and  then  flain  therewith  ivory  hafts  and  boxes,  of  a fine  pur- 
ple colour,  that  does  not  fuddenly  difclofe  itfelf  thereon.  There  are,  more- 
over, book-binders,  v/ho  throw  it  on  leather,  and  thereby  make  fine  marble 
covers  for  books;  and  diamond-cutters,  who,  therewith,  free  diamonds  from 
metalline  powders.  ’Tis,  farther,  of  great  fervice,  it  etching  copper,  or  brafs- 
plates;  and,  laflly,  I have  caufed  canes  to  be  flain’d  like  tortoife-fhell,  by  a 
mixture  hereof,  and  oil  of  vitriol,  laid  on  them  at  feveral  times,  over  live 
coals,  to  caufe  it  to  penetrate  the  deeper ; and,  afterward,  giving  them  a 
glofs  with  a little  foft  wax  and  a dry  cloth.  Nor  are  thefe  all  the  ufes  made 
of  Aqua fortis-,  which,  tho’  it  be  a liquor  very  commonly  employ’d,  and  di- 
flilled  not  only  by  chymifls,  but  refiners,  gold-fmiths,.  &c.  yet  great 
overfights  are  daily  committed  in  its  preparation.  But  an  ingenious  ac- 
quaintance of  mine,  by  attempting  to  improve  it,  has  fucceeded  fo  far  as 
to  make  it  vaflly  better  than  that  the  refiners  ufually  employ  ; or  than 
any  I have  ufed ; and,  yet,  he  affords  it  for  litttle  more  than  half  its  com- 
mon price.  Nay,  he  has  not  only  thus  greatly  promoted  the  refiner’s  trade, 
but  found  out  a way  to  recover  moft  of  his  Aqua  fortis , after  it  has  been 
employ’d  in  the  feparation  of  metals,  and  that  too  with  its  virtue  increafed  ; 
for,  this  fluid  may  be  made,  and  received  in  other  vefiels  than  are  ufual.  And 
without  dreaming  of  this  chymift’s  method,  I have  re-obtain’d  that  menftruum, 
exceeding  ftrong,  after  it  had  been  employ’d  upon  certain  minerals.  Laflly, 
there  are  other  bodies,  befides  glafs  and  earth,  and  lefs  brittle  thftn  they,  that 
ferve  for  the  feconc}  diflillation  of  Aqua  fortis^  tho’  made,  originally,  very 
ftrong.  I might,  alfo,  intimate,  that,  by  adding  to  falt-petre,  inftead  of 
thrice  its  weight  of  clay,  or  the  like,  about  an  eighth,  or  tenth  of  it’s  weight 
of  another  fubftance,  I have,  even  in  ordinary  furnaces,  flowly  obtain’d  a ni- 
trous fpirit,  or  Aqua  fortis , at  the  firft  diflillation,  much  ftronger  than  what 
our  refiners  fell  for  double  Aqua  fortis.  Others  have  far  greater  opportunities^ 
to  inquire  into  trades,  than  myfelf,  yet  I have,  fometimes,  gain’d  the  thanks 
of  eminent  artificers  for  my  directions  in  their  refpe Clive  trades  and  profefli- 
ons*;  which  has  made  me  often  wifh,  that  a few  ingenious  men,  who  are 

friends 


* Thus  M.  Homberg  inftru&s  us  how  to  gain  a 
larger  quantity  of  the  effential  oil  of  vegetables, 
than  is  ufual  in  diftillation,  by  the  previous  addi- 
tion of  mine&l  acids,  as  the  fpirit  of  fait,  &c. 
thereto ; which  increafe  the  fermentation,  and 
joining  with  the  oil,  renderit  more  liquid,  andea- 
fy  to  beraifedby  heat.  This  expert  chy mill  ad- 
vifed  a perfumer,  who  before  fcarce  obtain’d  an 
ounce  of  oil  from  a hundred  weight  of  rofes,  to 
fteep  his  flowers,  for  fifteen  days,  in  water  made 
fharp  with  fpirit  of  vitriol,  by  which  means  the 


perfumer,  upon  diftillation,  found  his  quantity 
of  oil  increafed  almoft  a third.  The  perfumers 
keep  the  ftrudure  of  the  \eflel  they  employ  in 
this  diftillation  as  a grand  fecret.  ’Tis  a large 
convenient  ftill,  that  opens,  in  a tube,  at  the 
top,  to  receive  the  water  which  muft  often  be 
pour’d  upon  the  rofes,  to  bring  over  the  oil 
with  it ; which  it  does  but  very  flowly,  and  fo 
requiresthatitsquantity.be  large.  This  ftill, 
alfo,  opens  below,  that  the  fiow'ers,  when  they 
will  yield  no  more  oil,  may  be,  ealily,  taken 
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Friends  to  experimental  philofophy,  would  enquire  into  the  myderies  of  trades, 
and,  afterwards,  publifh  the  fum  of  their  observations,  tending  to  the  melio- 
ration thereof.  Some  Italian  authors  have  wrote  treatifes  of  particular  pro- 
feffions,  as  Antonio  Neri  of  the  art  of  glafs -making,  and  Benvenuto  Cellini  of 
fculpture,  datuary,  and  fome  other  arts  *,  which  deferve  to  be  made  Englifi. ?. 

And  I invite  the  virtuofi  of  all  nations  to  contribute  their  obfervations  to- 
wards forming  the  hidory  of  trades,  for  I edeem  that  one  of  the  bed  means 
to  improve  experimental  philofophy  *.  Of  this  I was  fo  far  perfuaded,  that, 
had  not  our  puhlick  calamities  prevented  me,  I fhould  have  bound  feveral  in- 
genious youths  to  particular  trades,  with  a view  to  receive,  afterwards,  their 
refpedtive  obfervations,  made  by  my  own  direction,  and  the  hidorical  ac- 
counts of  their  profefilons,  when  they  fhould  have  become  mailers  thereof. 

There  is,  like  wife,  another  means,  whereby  an  experimental  philofopher  may 
become  advantagious  to  trades,  I mean,  by  furveying  the  rules  and  obfervations 
already  received,  and  the  prefent  reigning  practices  therein ; then  remarking  the 
deficiencies  and  inconveniencies  under  which  they  labour,  and  noting  their 
Defiderata  •,  and,  laftly,  by  propofing  rational  means  to  remedy  the  former,  and, 
as  tar  as  he  is  able  to  fupply  the  latter.  By  deficiencies  and  inconveniencies, 
I don’t  here  mean  all  that  is  wanting  to  luch  an  abfolute  perfection,  as  a phi- 
lofopher might  with  for  ; but  what  is  complain’d  of  as  feafable  to  be  reme- 
died : as  for  inflance,  the  artificer  may  be  too  much  confin’d  to  particular 
materials,  fome  whereof  being  either  fcarce,  dear,  or  ill-condition’d,  the  na- 
turalifl  might  propofe  others.  Thus,  I remember,  being  once  where  no  good 
vitriol  could  be  procured,  wherewith  to  make  Aqua-fortis,  like  that  of  the  En- 
glijh  refiners  •,  by  fubflituting  a far  lefs  quantity  of  burnt  alum,  in  its  dead,  we 
made  excellent  diffolvents  of  filver,  and,  perhaps,  much  better  than  theirs. 
And,  in  the  like  cafes,  the  naturalifl  may  gently  affifl  the  tradefmen,  up- 
on account  of  his  knowledge  of  a vad  variety  of  bodies,  and  their  ope- 
rations, at  lead,  by  means  of  his  experiments.  An  ingenious  perfon,  whom 
I knew,  upon  a general  complaint  as  to  the  fcarcity,  and  advanced  price  of 
oak-bark,  contrived.a  way  to  prepare  leather  without  any  bark  at  all ; and  that 
too,  much  better  than  ufual  in  the  ordinary  way.  And,  allowing  the  mate- 
rials, fuggeded  by  a naturalid,  be  dearer  than  thofe  in  common  ufe,  yet  they 

high  as  the  aperture  of  the  little  pipe,  whilft  the 
water  runs  from  the  bottom  of  the  firft  receiver 
into  thefecond.  Memoir,  de  P Acad.  A.  1700. 
p.  266. 

* The  fubjed  of  trades,  with  the  manner  of 
preparing  all  forts  of  commodities,  in  feveral 
countries;  the  proper  market  for  each,  the 
freight  they  pay,  the  price  they  bear  at  feveral 
ports,  and,  numberlefs  other  particulars  rela- 
ting to  this  head,  are  fully  treated  of  by  M. 
Savery,  in  a late  French  Dictionary  of  Com- 
merce, wherein  the  particular  accounts  were, 
by  command  of  the  king  of  France,  given  in 
from  all  the  publick  offices,  and  places  of  em- 
ploy in  that  kingdom. 


out.  But  the  principal  contrivance  is  the  figure 
of  the  veffiel  which  receives  the  oil . This  is 
made  like  an  ordinary  matras,  from  the  lower 
part  of  the  belly  whereof  comes  a tube,  as  from 
an  old-fafhion’d  crewet,  and  rifing  to  the  bottom 
of  the  neck  of  the  receiver,  it  bends  outwards, 
fo  that,  tho’  the  veffiel  ufually  contains  but  2 or 
3 pints,  it  conveniently  receives,  and  lets  pafs, 
many  hundred  pints  of  the  rofe-water,  without 
any  neceffity  of  being  changed  ; for  a change 
would  lofe  the  fmall  quantity  of  the  oil  obtain’d. 
The  water  diflill’d,  runs  thro’  the  pipe  into  a 
fecond  receiver.  Now  the  oil  being  lighter 
Chan  the  water,  it  floats  upon  the  furface  there- 
of, and  adheres  to  the  neck  of  the  veffiel,  as 


may, 
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may,  in  other  refpe&s,  be  far  preferable  thereto.  Thus,  tho*  diamond  pow- 
der be  vaftly  dearer  than  emery,  yet  I,  fometimes,  order  work  to  be  done 
therewith  upon  load-ftones,  as  well  as  gems  ; for  it  makes  fo  great  difpatch, 
and  the  tools  employ’d  laft  fo  much  the  longer,  as  greatly  to  over-balance  the 
cheapnefs  of  emery.  Common  fpelter-folder  is  much  cheaper  than  that  made 
with  filver  ; yet  workmen,  in  many  cafes,  prefer  the  latter : and  I have  found 
this  to  run  with  fo  moderate  a heat,  as  not  much  to  endanger  the  melting  of 
the  delicate  parts  of  work  to  be  folder’d.  Nay,  if  this  filver- folder  be  well 
made,  as  fome  I can  fhew,  it  will  folder,  even  upon  ordinary  folder  itfelf, 
with  brafs  and  fpelter  •,  and  fo  fill  up  thcfe  little  cavities  that  may  chance  to 
be  left  in  the  firft  operation  ; which  is  not  fafely  performable  without  a fol- 
der more  eafily  fufible  than  the  firft  made  ufe  of. 

Tradefmen  may,  alfo,  be  tied  down  to  certain  ways  of  working,  when, 
perhaps,  the  naturalift  may  difcern,  what  they  do  mechanically,  may  be  bet- 
ter accomplifh’d  philofophically  and  on  the  contrary.  Gold-fmiths,  perhaps  by 
the  direction  of  fome  chymift,  boiling  their  curious  filver-work,  as  fpurs, 
wrought  hilts,  & c.  in  fait,  alum,  and  argol,  give  it  fuch  a whitenefs  and  clear- 
nefs,  as  it  would  hardly  receive  from  the  brufh,  pumice-ftone,  or  putty.  And 
the  like  cleannefs,  I have  learnt  from  experience,  may,  immediately,  be  given 
to  old  fullied  pieces  of  good  gold,  by  means  of  warm  Aqua  fortis . There  are 
fome  things  which,  tho’  ufually  done  mechanically,  may  be  better  perform’d 
in  a philofophical  manner ; but,  at  prefent,  we  will  obferve,  that  much  of  what 
is  now  wrought  by  manual  labour,  may,  with  much  more  eafe  and  expedition, 
be  committed  to  engines;  which  being  skilfully  contrived,  fuch  things  may, 
thereby,  be  effe&ed,  as  few  would  imagine.  To  pafs  over  feveral  inftruments 
whereon  I have,  off-hand,  play’d  various  tunes  that  I never  learnt;  fince  we 
fee  timber  faw’d  by  wind-mills,  files  cut  by  flight  inftruments,  filk-ftockings 
wove  by  a machine,  with  abundance  of  the  like  artificial  inventions,  not  eafily 
exprefs’d  in  few  words,  what  handicraft  can  there  be,  that  is  not  performable 
by  engines? 

But  there  are  deficiencies  of  another  kind ; for  work  may  lye  long  in  hand, 
require  too  great  pains,  a large  apparatus  of  inftruments,  or,  fome  way  or  o- 
ther,  be  more  chargeable,  troublefome,  or  laborious  than  is  necefifary ; andthefe 
inconveniencies  the  experimental  philofopher  may,  in  many  cafes,  remedy.  1 
know  an  inquifitive  perfon  who  has  tann’d  as  well  as  the  mafters  of  the  bufinefs, 
and  in  half  the  time  that  they  employ’d.  In  fome  places  they  have  an  expe- 
ditious way  of  feafoning  particular  wood  for  fea-fervice,  and  other  ufes,  by 
baking  it  in  ovens.  Our  dioptrical  glafs-grinders  fuppofedthey  muft  always  ufe 
Venice-^dSs  for  their  purpofe,  ’till  fome  virtuofi  confidering,  that  clearnefs 
is  an  inconvenience  in  an  objedl-glafs,  taught  them  to  fubftitute  the  common 
green  fort,  made  in  England ; which,  in  my  opinion,  and  that  of  fome  others, 
is  here  fuperior  to  the  other.  Several  dyers  employ  our  own  woad,  inftead  of 
the  Eaftern  indigo,  for  dying  fome  blues,  and  other  colours,  which  that  grand 
tindlure  prepares  the  cloth  to  receive.  Another  fort  of  deficiency,  or  inconve- 
nience, maybe  the  want  of  durablenefs,  as  to  the  being  of  the  thing  produced, 
or  the  beauty  and  goodncfs  thereof.  Of  the  former  kind  is  the  decay  of  li- 
quors* 
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quors,  the  fpontaneous  cracking  of  glafs;  particularly  the  fine  Venice  objeCt - 
glaffes  of  telefcopes,  will  thus  flaw,  and  grow  ufelefs,  but  chiefly  in  winter;  to 
prevent  which,  fome  of  the  curious  carry  them  in  their  pockets.  Of  the  latter 
kind,  is  the  hiding  of  thebowdy,  and  water-colours  in  limning;  the  ruffing  of 
fhiningarms,  and  polifh’d  fteel.  And  here,  alfo,  the  natural  ill:  may  be  fer- 
viceable.  Thus  the  above-mention’d  method  of  making  objeCt- glaffes  for  te- 
lefcopes, of  green  glafs,  renders  them  durable  in  fpight  of  the  weather.  I have 
had  pieces  of  artificial  cry  Aral,  fome  whereof  foon  crack’d,  and  chang’d  their 
tranfparency  for  whitcnefs ; yet  another,  according  to  my  conjecture,  held  found 
for  leveral  winters,  and  never  broke,  but  by  accident.  The  reafon  of  this  diffe- 
rence, IfufpeCt  to  be,  that  the  former  had  too  great  a proportion  of  fixt  fait,  and 
the  latter  a due  one.  That  the  fcarlet-dye  may  be  greatly  improved,  in  point 
of  fixtnefs  and  duration,  beyond  the  common  bowdy,  I am  convinced  by  a mer- 
chant of  Amfierdam , who  raifed  a great  effate  by  dying,  vand  was  particularly 
curious  in  fcarlet.  This  gentleman  fhew’d  me  a piece  of  thick  fcarlet  cloth 
that  would  not  ftain  with  vinegar,  lixivium,  or  other  liquors  that  he  named; 
nor  when  cut,  appear  pale,  or  white,  in  the  middle;  for  the  dye  penetrated 
quite  thorough:  and  this  he  could  afford  at  a reafonable  price.  And  that  trades 
may  be,  confiderably,  improv’d  by  thofe  who  do  not  profefs  them,  we  have 
a remarkable  inflance  in  the  thing  we  are  fpeaking  of  Cornelius  Drebell , the 
inventor  of  the  true  fcarlet-dye,  was  a mechanic,  and  a chymift,  but  fo  far 
from  a dyer,  that  he  knew  nothing  of  the  ordinary  reds,  ’till,  taught  them  by 
fome  merchants;  whence,  by  a fagacious  conjecture,  he  difeover’d  the  fcarlet. 
Andfupply  the  I come  now  to  the  Defiderata , whereby,  I mean,  thofe  defirable  perfections 
defiderata  that  are  difficult,  indeed,  but  not  impoffible  to  be  obtain’d ; and  of  thefe  feveral 

therein.  may,  fometimes,  belong  to  one  profeffion.  ’Tis  ^defideratum  with  the  black- 

fmith  to  render  iron  fufible,  by  a gentle  heat,  and  yet  preferve  it  hard  enough 
for  ordinary  ufes  ; with  the  glafs-man  and  looking-glafs-maker,  to  render 
glafs  malleable  * ; with  the  clock-maker,  to  bring  the  long  pendulum  to  be 
ufeful  where  there  are  irregular  motions ; with  the  brazier  and  copper-fmith,  to 
make  malleable  folder ; with  the  fhip-wright,  to  build  veflfels  that  will  fail  un- 
der water  ; with  the  diver,  to  procure  manageable  inflruments  for  conveying 
frelh  air  to  the  bottom  of  the  fea,  to  fuffice  for  refpiration,  and  the  burning  of 
lights;  with  the  fay- mailer,  to  melt,  or  cupel  ores,  or  metals,  immediately, 
without  the  ufe  of  bellows  or  furnace;  and,  laftly,  with  the  carver  and  joyner,to 
fafhion  wood  in  moulds  like  plaifter  of  Paris , or  burnt  alabafter.  The  obtain- 
ing of  thefe  Defiderata , I am  fenfible,  may  be  thought  chymerical  projects : it 
is  proper,  however,  to  propofethem,  provided  they  be  not,  in  themfelves,  im- 


* The  high  value  and  fcarcity  of  the  ancient 
graved  Hones,  which,  in  leveral  refpeCts,  are 
preferable  to  medals,  has  occafion’d  many  at- 
tempts to  render  them  more  univerfally  known- 
To  this  end,  their  impreffions  have  been  taken 
upon  fealing-wax,  common  fulphur,  and  co- 
loured glafs,  which,  as  improv’d  by  M.  Hom- 
bergi  has  vaHly  the  advantage  over  the  other 


two.  This  gentleman  has  a way  of  counter- 
feiting them  to  fo  great  a perfection,  in  glafs  of 
different  colours,  which  he  can  fuit  to  feveral 
Hones,  that  the  copies  have  palfed  upon  the  vir- 
tuofi  for  originals  : fo  that  if  glafs  were  actually 
malleable,  they  could  hardly  be  made  more  per- 
fect. For  the  method  itfelf,  fee  Memoir,  de 
VAcadem.  A.  1702.  p.  250. 

poffible, 
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poffible,  contradictory  to  the  nature  of  things,  and  the  principles  of  redfon 
and  philofophy  •,  but  proceeding,  only,  from  our  want  of  proper  inftruments. 
and  previous  means,  or  elfe  fome  difficulties  and  inconveniencies  that  lye  in 
the  way,  or  hinder  the  profecution  of  our  defigns.  This  advantage,  at  leaftt 
will,  probably,  be  hence  derived,  that,  tho’  (agacious  perfOns  ffiould  defpair 
of  attaining  them  to  perfection,  fome  approaches  thereto  may  be  made.  Cre- 
dible witneflfes  have  inform’d  us,  that  in  fome  countries  they  fhoe  thejr  horfes, 
without’the  affiftance  of  a forge,  by  bringing  their  iron  to  ftich  a temper, 
that  they  keep  fhoes  ready  made,  which  they  can,  eafily,  hammer  cold,  fo  as 
to  fit  them  to  any  horfe  : and  this  being  pra&ifed  in  hot  climates,  is  the  greater 
conveniency.  And,  doubtlefs,  by  various  tempers,  iron  may  be  greatly  foft 
ten’d,  and,  afterwards,  harden’d ; fince,  without  antimony,  or  fulphur, 
have  melted  it  in  a crucible,  and  pour’d  it  out  like  lead ; whereupon  it  has 
grown  harder  than  it  was  originally. 

Flixible  looking-glades  are  made  with  Selenites\  and  all  kinds  of  hollow 
glades  may  be  eafily  foliated,  and  turn’d  into  Specula.  And,  becaufe  this  may 
well  appear  a difficult  thing,  efpecially  to  be  done  without  heat ; and,  becaufe 
theulual  ways,  delivered  about  it,  fall  far  fhort  of  the  character  given  them  \ 

I fhall  here  communicate  an  excellent  method  of  foliating  all  forts  of  figured 
glaffes ; the  hint  whereof  I had  from  an  illiterate  wandering  fellow,  in  the 
country,  who  held  his  praCtice,  which  was  confin’d  to  fpherical  glaffes  only, 
as  a great  iecret.  And  truly  it  excelled  any  I have  met  with  in  print.  But 
my  mixture  is  this.  Take  tin  and  lead,  of  each  one  part ; melt  them  toge- 
ther, and  immediately  add,  of  good  tin-glafs,  or  bifmuth,  two  parts*,  care- 
fully lkim  off  the  drofs  *,  then  take  the  crucible  from  the  fire,  and,  before  the 
mixture  grows  cold,  add  thereto  ten  parts  of  clean  quick-filver  ; and  having 
ftirr’d  them  all  well  together,  keep  the  fluid  in  a new  clean  glafs.  When  you 
gotoufe  it,  firft  purify  it,  by  draining  itthro’ linen,  and  gently  pour  fome  ounces 
thereof,  into  the  glafs,  to  be  foliated,  thro’ a narrow  paper  funnel,  reaching 
almoft  to  the  bottom  of  the  glafs,  to  prevent  the  liquor  from  flying  to  the 
fides.  After  this,  by  dextroufly  inclining  the  glafs  every  way,  endeavour  to 
fallen  it  to  the  internal  furface  ; which  done,  let  it  reft  for  fome  hours  ; then  re- 
peat the  fame  operation,  and  fo  continue,  at  times,  ’till  the  liquor  is,  at  length, 

(lowly  pafs’d  over,  and  equally  fixt  to  the  whole  fuperficies  *,  which  will  be 
dilcerned  by  expofing  the  glafs  to  the  eye,  between  that  and  the  light.  Next, 
gentiy  pour  out  the  fuperfluous  liquor,  to  be  faved  for  the  like  purpofe  ; and, 
laftly,  with  a cloth,  well  fprinkled  with  putty,  ferapedtripoli,  or  chalk,  care- 
fully cleanfe  the  outfide  of  the  glafs.  This  preparation  is,  alfo,  more  eafyand 
fafe,  than  the  others  I have  met  with,  wherein  either  arfenic  was  an  ingredient, 
or  the  mixture  to  be  ufed  hot.  I might  here,  likewife,  add,  that  by  laying 
a yellow  varnifh  upon  the  external  furfaces  of  the  glaffes  thus  managed,  they 
have  appear’d  richly  gilt,  yet  fo  bright,  as  to  ferve  very  well  for  mirrors*. 


* The  feveral  ways  of  grinding,  polifhing,  and 
foliating  different  kinds  of  glaffes,  for  different 
ufes,  in  optics,  catoptrics,  and  dioptrics,  are  clear- 
ly and  fully  delivered  by  that  excellent  mathema* 

VOL.  1. 


tieian  C Wolfiu! , in  his  "Element a mathefeoi  uni- 
<verf<se.  We  have,  alfo,  an  admirable  poft humous 
piece  of  the  great  M.  Huygens,  4*  polundis  vitrit. 

But 
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But  to  return  ; that  malleable  folder  is  obtainable,  I make  no  great  queftion ; 
and  good  filver  folder  is  already  made  an  approximation  thereto.  Submarine 
navigation  has  been  fuccefsfully  attempted  by  Cornelius  Drebell and  thofe 
concern’d  in  the  experiment  affirm’d,  that,  tho’  many  were  in  the  . boat,  they 
breathed  freely,  and  found  no  inconvenience  for  want  of  freffi  air  * yet  the  in- 
ventor Was  neither  fnip-wright,  nor  failor.  As  for  the  defideratum  in  diving,  I 
have  already  faid,  I knew  aperfon,  who,  by  means  of  a flight  inftrument,  (the 
whole  whereof  remains  under  water,  and  has  no  communication  with  the  air 
above  the  furface,)  has  continued  feveral  hours  at  the  bottom  of  the  fea,  and 
removed  his  engine  with  him.  But  Merfennus tells  usof  a much  better  method, 
if  real,  invented  and  pra&ifed  by  one  Barieus , who  was  able  to  continue  fix 
hours  underwater,  by  help  of  an  almoft  incredibly  fmall  quantity  of  air,  which, 
at  the  fame  time,  fed  the  flame  of  a lamp  at  the  bottom  of  the  ocean,  in  a veflel 
not  much  bigger  than  an  ordinary  lanthorn.  There  is,  alfp,  a method  of  cupel- 
ling, in  fmall  quantities,  without  a furnace,  coals,  common  cupels,  or  any  other 
veflels.  And,  by  way  of  approximation,  I made  a powder,  wherewith  I have 
immediately,  without  a furnace,  melted  lead-ore,  wherein  filver  is  frequent- 
ly contain’d,  into  metal,  and,  perhaps,  alfo  confumed  fome  part  thereof.  And 
laftly,  I am  credibly  inform’d,  that  the  way  of  making  emboffed  works  in 
wood,  with  moulds,  was  lately  pra&is’d  at  the  Hague , by  the  fecretary  of  a 
foreign  embaflador  ; tho’,  as  to  the  manner  wherein  -it  was  done,  I could  not 
gain  the  lead  hint : but  if  the  thing  be  true,  I fufpedt  it  muft  have  been  per- 
form’d by  fome  menftruum,  that  greatly  foftened  the  wood,  and  afterwards 
allow’d  it  to  harden  again,  as  tortoifelhell  is  moulded-,  or  elfe  by  reducing  the 
wood  into  a powder,  and  then  uniting  it  intoa.mafs,  with  a ftrong,  but  thin 
glue  the  fuperfluous  moifture  whereof  being  afterwards  preflfed  out.  And  I 
once  began  a trial  of  this  kind,  but  was  hinder’d  from  profecuting  it,  with  a 
curious  glue,  whereof  I,  accidentally,  gain’d  the  hint  from  an  ingenious  tradef- 
man  i which  I now  prepare,  by  fteeping  fine  ifing-glafs,  for  twenty  four  hours, 
in  fpirit  of  wine,  or  common  brandy.  When  the  menftruum  has  open’d  and 
mollified  the  ifing-glafs,  they  muft  be  gently  boil’d  together,  and  keptftirring 
’till  they  appear  well  mixed,  and,  ’till  a drop  thereof,  fuffer’d  to  cool,  will, 
prefently,  turn  to  a ftrong  gelly.  Then  I (train  it,  while  hot,  thro’  a clean 
linen  cloth,  into  a veflel  that  may  be  kept  clofe  flopped.  A gentle  heat  fuf- 
fices  to  diflblve  this  glue  into  atranfparent,  and,  almoft,  colourlefs  fluid  which, 
however,  binds  fo  faft,  that  having,  fometimes,  by  means  thereof,  join’d  toge- 
ther two  ordinary  fquare  trenchers,  and  permitted  it  to  dry  of  itfelf,  the  trenchers,, 
that  lay  one  far  over  another,  broke,  when  a proper  force  was  applied,  not 
where  they  touched,  but  elfe- where  ; fo  that  the  force  of  this  glue  was  greater 
than  that  which  held  together  the  parts  of  the  wood.  Nor  will  this  prepara- 
tion, by  reafon  of  the  fpirit,  corrupt,  like  other  gellies  •,  but  the  farther  ad- 
vantages hereof  I muft  not  now  mention  : I fhall  here,  only,  add,  that  having 
imbued,  and  mix’d  up  fome  common  faw-duft  herewith,  (lightly  (training 
out,  thro’  a piece  of  linen,  what  was  needlefs,  and  forming  the  remainder, 
with  my  hand,  into  a ball  upon  drying  it  leifurely,  it  became  fo  hard  as  not 
to  break,  but  rebound,  when  thrown  againft;  the  floor. 


From 
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From  what  we  have  now  feen,  it  appears,  that  experimental  philofophy 
may  as  well  advance  trades,  as  an  infpe&ion  into  them  promotes  the  intereft 
of  that : and  the  happy  influence  they  may  have  on  each  other,  is  an  excel- 
lent means  toenlarge  the  empire  of  mankind.  That  the  due  management  of 
trade  is  of  great  concern  to  the  public,  appears  from  our  numerous  ftatute- 
laws,  at  prefent  in  force,  for  it’s  regulation,  wherein  the  legiflature  has  thought 
fit  to  give  very  particular  rules  and  inftru&ions  thereto  relating. 

I defign’d  to  have  added  fomething  about  varnifhes,  bur,  at  prefent,  can  on- 
ly fry,  in  the  general,  that  they  are  an  ufeful  and  ornamental  produ&ion,  ca- 
pable of  great  improvement. 


SECT.  V. 


ET  us  now  confider  how  far  the  knowledge  of  particular  qualities,  or  ^ . ^ 
the  phyfical  ufes  of  things,  will  enable  men  to  perform,  philofophical-  may  pe  f07te 
1 ly,  what  is  commonly  done  by  manual  operation.  And  here,  methinks,  philofophically. 


’tis  a notable  proof  of  human  induftry,  as  well  as  a great  incitement  thereto,  as  areufually 
that  philofophy  can  fupply  the  want  offtrength,  or  art,  and  the  head  preven t^anualtpera- 
the  drudgery  of  the  hand.  The  inftances  I fliall  give  hereof,  which  are  fo  tions.  1 
many  trophies  of  human  knowledge,  need  not  to  be  reduced  under  particular 
heads  •,  being  only  produced  as  proofs,  and  having  no  dependance  on  each 
other;  I fhall,  therefore,  barely  fet  them  down  as  they  come  to  mind. 

The  king  of  Spain  makes  fuch  an  advantage  of  the  knowledge  we  are  con-  shewn  in  fepa- 
fidering,  as  annually  amounted,  forfome  time,  to  many  millions.  For  in  his  rating  filler 
filver-mines  at  P of ofi,  in  Peru , they,  formerly  had  a very  tedious,  laborious,/^  lUore 
and  expenfive  method  to  feparate  the  filver  from  the  ore,  which  is  now  great- 
ly improved  and  fhortened  by  means  of  that  property  of  quick  filver,  to  a- 
malgamate  with  the  nobler  metals ; firft  ufed,  in  that  country,  according  to 
Acofta , By  Fernandes  de  Valefco.  Their  prefent  method  is,  accurately,  to 
grind  the  ore,  firft  pulverized  and  fifted,  with  {train’d  quick-filver  and  fait ; 
then  to  boil  them,  for  five  or  fix  days,  in  pots  and  furnaces  fitted  for  the  pur- 
pofe ; when  the  mercury  imbibes  the  filver  and  gold,  without  touching  the 
bafer  parts  of  the  ore.  The  mercury  being  thus  fully  faturated,  is  carefully 
waflied  from  the  adhering  filth,  and  then,  by  a flrong  fire,  freed  from  the  no- 
ble metals  ; coming  over  revived  into  the  receiver,  and  leaving  them  behind, 
it  iseafily  reducible  into  mafies,  and  feparable  the  common  way.  By  a procefs 
like  hereto,  fome  of  our  gold-fmiths  alfo,  and  refiners,  regain,  out  of  their 
duft  and  fweepings,  the  fmall  fcatter’d  particles  of  gold  and  filver,  that  fly 
off  in  their  working  of  them. 

It  feems  to  require  great  fkill  in  ftatuary,  to  make  a figure  that  fhall,  truly,  In  caJUng  the 
reprcfent  the  fize,  fliape,  and  lineaments  of  a living  human  face  ; yet  I lately  lmaZesof 
faw  this  done  by  a tradefman,  in  the  following  manner.  The  perfon,  whofe 
figure  we  defign’d,  was  laid  upon  his  back,  with  a convenient  thing  placed 

T 2 round 
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round  the  edges  of  his  face  to  keep  avtay  the  hair.  Then  into  each  hoftril  was 
convey’d  a conical  piece  of  diff  paper,  about  three  inches  in  length,  open  at  both 
ends,  to  allow  of  refpiration.  Thefe  tubes,  being  anointed  with  oil,  reded  with 
their  fmaller  ends  within  the  nofe;  while  the  others  were  fupported  by  the  hand 
of  an  aflidant.  Next,  his  face  was  lightly  oil’d,  and  his  eyes  being  kept  fhut, 
alabader  frefh  calcin’d,  in  a copper  veffel,  to  its  native  whitenefs,  and  temper’d 
to  a thinnifh  confidence  with  fair  water,  was  by  fpoonfuls  nimbly  thrown  all 
over  his  face,  till  the  matter  every  where  lay  near  the  thicknefs  of  an  inch.  This 
done,  the  faid  matter  prefently  began  to  grow  fenfibly  hot,  and,  in  about  the 
quarter  of  an  hour,  harden’d  into  a kind  of  dony  concretion  ; which  being  gent- 
ly taken  off,  and  it  came  away  with  eafe,  represented  on  its  concave  furface  the 
minuted  parts  of  the  original  face,  even  to  the  fingle  hairs  of  the  eye-brows.  In 
this  mould  they  cad  a head  of  good  clay,  and  therein  open  the  eyes,  and, 
if  there  be  occafion  raife  the  fore-head,  or  make  other  neceffary  amendments; 
then  anointing  this  new  face  with  oil,  they,  as  before,  make  a fecond  mould 
of  calcined  alabader,  confiding  of  two  parts,  joined  lengthwifealongtheridge 
of  the  nofe,  and  herein  they  cad,  with  the  fame  matter,  the  fore-part  of  a head, 
more  like  the  original  than  ever  I faw  made  by  the  mod  expert  datuary;  and 
yet  this  is  perform’d  with  fo  much  eafe,  that  I myfelf  fucceeded  the  fird  time 
in  attempting  it. 

Nor  need  a man  be  a painter  to  reprefent  the  figure  of  the  leaves  of  plants; 
for  this  may  be  done  by  holdingone  in  the  fmoke  of  rofin,  gum-fandaric,  cam- 
phire,  or  a commonlink;  whereby  the  leaf  will  acquire  a black nefs  commu- 
nicable to  white  paper  when  prefled  thereon,  which  immediately  gives  the 
exatdfize,  ftiape,  and  particular  ramifications  of  the  fibres  thereof.  A candle 
or  wax  taper  will  alfo  ferve  the  turn.  And  this  may  be  of  good  ufe  to  a bo - 
tanid,  or  a traveller,  when  they  meet  with  plants  whofe  figures  are  worth  pre» 
ferving,  and  they  have  no  conveniency  to  draw  them. 

The  art  tf  etch-  The  art  of  etching,  alfo,  will  furnifh  us  with  an  indance  of  the  like  kind. 

frig.  Copper  and  filver  plates  may  be  hereby  enriched  with  delicate  figures,  with- 

out having  recourfe  to  the  graver.  This  is  perform’d  by  drawing  a peculiar 
fort  of  varnifh  over  the  plates  and  then  tracing  the  figure's  thereon  ; for  the 
jjines  thus  made,  freeing  the  plate  from  varnifh  in  thofe  places,  Aqua  fortis , 
fkilfplly  temper’d,  will  there  corrode,  and  leave  the  remaining  varnifh’d  part 
untouch’d  ; and  thus  afford,  under  the  management  of  a fkilful  artid,  as  cu- 
rious cuts  as  the  fined  graving. 

/»  taking  ahi - But  a knowledge  of  the  phyfical  properties  of  things,  will,  moreover,  enable 

tld™  * us  to  perform  that  wherein  mathematics,  and  theindruments  it  makes  ufe  of,  ap- 
pear to  be  necedary.  Thus,  fuppofe  a candledic,  that  hangs  from  the  top  of  an 
‘high  church,  be  made  to  fwing,  a philofopher,  who  has  obferv’d,  that  the  vi- 
brations of  a pendulum,  tho’ the  arches  thereby  defcribed  be  unequal,  are,  never- 
thelefs,  perform’d  in  equal  times, as  toTenfe  ; and  that,  when  thedrings  whereby 
'pendulums  hang  are  of  unequal  lengths,  thofe  lengths  will  be  proportionable  to 
the  fquares  of  the  number  of  their  fingle  vibrations  made  in  the  fame  time  ; and 
.fuppofe,  farther,  this  perfon,  provided  with  a pendulum  of  any  known  length, 
for  indance,  that  of  a yard;  then,  I fay,  he  may  eafily,  without  any  mathema- 


The  TJfefulnefs  of  Philofophy. 

tical  inftrurrtent,  find  the  height  of  the  church.  For  the  candleftfc  and  ihort 
pendulum  being  both  fet  tofwing  at  the  fame  point  of  time,  if  the  candleftic, 
for  example,  makes  9 vibrations,  while  the  other  pendulum  makes  54,  the  fquares 
of  thefe  two  numbers  will  be  8 1 and  2916,  and,  therefore,  becaufe  the  lengths 
of  the  pendulum  are  proportionable  to  the  fquares  of  the  number  of  their  vibra- 
tions, perform’d  in  the  lame  time,  divide  2916  by  Si,  and  the  quotient,  36, 
will  fhew  the  length  of  the  cord,  whereby  the  candleftic  is  fufpended  to  be 
36  times  longer  than  the  fhort  pendulum  ; which  being  equal  to  a yard,  the 
other  muff  be  36  yards.  From  the  knowledge  of  another  phyfical  property  of 
heavy  bodies,  I have  found  a way  to  meafure  great  heights  and  depths  with- 
out the  common  mathematical  inftruments,  and  even  w here  they  cou’d  not  be 
applied.  This  is  alfo  done  by  means  of  a pendulum,  which  muft  here  be  very 
fhort,  and  therefore  requires  an  accurate  obferver.  Now,  ’tis  known,  that  eve- 
ry heavy  body  in  falling,  accelerates  its  defcent,  fo  that  the  different  lpaces  thro’ 
which  it  pafles,  at  different  times  afTign’d,  are  to  each  other  as  the  fquares  of  the 
times  wherein  the  refpe<5tive  fpaces  were  defcribed.  If  then  it  be  learnt,  by  ob- 
fervation,  how  far  any  heavy  body  defcends  in  a fecond;  the  do&rine  of  pro- 
portions will  give  us,  from  the  time  fpent  by  a heavy  body  in  falling,  the 
height  from  whence  it  fell.  This  method  of  menfuration,  we,  with°care, 
found  agreeable  to  other  observations.  And  thus,  the  depth  of  any  well 
whatever,  to  the  furface  of  the  water,  may  be  known  ; when  quadrants,  or 
the  like  inftruments,  cannot  be  ufed  to  difcover  it.  For,  if  at  the  fame  point 
of  time  that  a ftone  is  let  fall  into  a well,  a pendulum  that  vibrates  quar- 
ter feconds  be  let  go,  and  the  fwings  counted  till  the  found  of  the  ftone  dafh- 
ing  again  ft  the  water  be  heard,  the  thing  is  done.  Suppofe,  for  inftance,  that  a 
heavy  body  defcends  12  feet,  in  the  firlt  fecond  of  time,  from  the  beginning 
of  its  fall  •,  and  the  pendulum  to  have  compleated  6 fingle  vibrations  before 
the  found  of  the  ftone  be  heard  .;  our  rule  will  tell  us,  that  fince  the  times,  in 
this  cafe,  are  1 and  6,  and  the  fquares  of  thefe  two  numbers,  1 and  36,  the  ftone 
muft  have  defcended  at  the  end  of  the  fixth  fecond,  36  times  as  far  as  attheend 
of  the  firft  ; the  product,  therefore,  of  36  by  i2,being432,  is  the  perpendicu- 
lar depth  of  the  well;  or  thus,  more  eafily,  (fince,  as  we  formerly  obferv’d, 
falling  bodies  accelerate  their  defcent  in  a progreflion  of  odd  numbers  from  an 
unit,  thus,  1,  3,  5,  7,  9,  11-,  ^r.)  the  ftone  defending  12  feet-in  the  firft  fe- 
cond, will  fall  36  in  the  fecond,  60  in  the-third,  84  in  the  fourth,  108  in  the 
fifth,  and  132  in  the  Fixth;  all  which  numbers  added  together  make  442. 
And  by  this. means  the  height  of  precipices,  and  the  depth  of  volcanos,  may- 
be meafured  ; which  were  otherwife  impoflible.  ’Tis  true,  in  ftridtnefs,  fome 
fmall  allowance  fhou’d  here  be  made  for  the  (tone’s  ftriking  before  the  found 
thereof  is  Iheard^;  but  unlefs  the  fpace  to  be  meafured  is  very  confiderable, 
that  may  be  neglected  without  much  inconvenience ; fince  we  know,  from 
obfervation,  that  founds  move  in  air  about  twelve  or  thirteen  hundred 
feet  in  a fecond*.  And  an  experiment  made  by  a foreign  mathematician 


* Sir  Ifaac  Newton  (hews  the  velocity  of  founds 
0 priori  to  be  in  the  air  about  1 142  feet  in  a fe- 
fOnd  ; and  to  this  agree  the  experiments  that  have 


of  late  been  purpofely  made  to  determine  the 
matter.  See  Newton  Princip.  Ed.  2d.  p.  ,34.4). 
P bthfYr&nf.  M°  247.  t).  433,  fcfc. 
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confirms  the  do&rine  here  deliver’d  ; for  he  found  an  heavy  body  to  defcend 
300  feet  in  about  fivefeconds,  that  is  12  feet  in  the  firflfecond*. 

To  fplit  fo  thin  a piece  of  metal  as  an  old  filver  groat,  feems  to  require  a 
fine  inflrument ; but  a trifling  phyfical  experiment  has  lhewn  us  an  eafier  way ; 
for  if  the  metal  be  placed  upon  the  heads  of  three  pins  ftuck  in  form  of  a tri- 
angle, and  a heap  of  flower  of  brimftone  be  fuffer’d  to  burn  out  thereon,  and 
you  afterwards  throw  it  hard  againll  the  floor,  the  upper  part  will  feparate 
from  the  lower ; which,  if  the  coin  were  not  exceeding  thin,  frill  retains  its 
priftine  fhape,  I have  obferved  a pretty  circumllance  or  two  in  this  experi- 
ment, the  knowledge  whereof  is  apt  to  be  mifempJoy’d ; and  the  experi- 
ment itfelf,  tho’ ludicrous,  may  fuggefl  uncommon  lpeculations  to  aconfider- 
ing  naturalill,  and  intimate  a particular  method  of  preparing  filver. 

From  confidering  the  fine  variety  of  colours  in  a lheet  of  marble  paper,  one 
wou’d  fufpedl  them  to  be  carefully  laid  on  with  a pencil,  or.  that  the  whole 
was  printed  off  from  an  engrav’d  plate  •,  but  ’tis  made  with  the  utmoll  expe- 
dition, only  by  touching  the  furface  of  a veffel  full  of  water,  whereon  the  co- 
lours lie  to  be  conveniently  blended,  by  a quick  and  gentle  motion  of  the  ar- 
tificer’s hand,  without  caufing  them  to  run  too  much  together.  Kircher , as  I 
am  inform’d,  has  deliver’d  the  procefs  hereof. 

Moft  diftillers  wou’d  think  it  impracticable  to  redlify  fpirit of  wine  without 
diftillation  •,  yet  I have  done  this  by  adding  thereto  well  dry’d  fait  of  tartar, 
whofe  pro  perty  to  imbibe  the  moifture  ofthe  air  might  well  give  one  the  hint; 
efpecially  fince  oil  of  tartar  per  deliquium  will  not  mix  with  dephiegmed  fpirit. 
And  to  hallen  this  operation,  the  fait  may  be  ty’d  up  in  a rag,  and  fo  plunged 
in  the  fpirit,  when  by  moving  it  up  and  down  therein,  or  raifing  it  above  the 
furface,  the  water  imbibed  by  the  fait  will  fall,  in  drops,  to  the  bottom. 

When  bodies  are  fo  brittle,  fmall,  ill  fhaped,  &c.  as  not  to  be  conveniently 
held  fteady  by  Inftruments;  artificial  cements  are  excellent  fubflitutes  for  tools. 
Thus  the  glafs-grinders  incorporate  pitch  and  allies  into  a ftiffi  pafte ; wherein, 
when  reduced  by  heat  to  a proper  degree  of  foftnefs,  theglaffes  to  be  ground  or 
polifh’d  are  bedded  to  what  depth,  and  in  what  pofition,  is  thought  neceffary : 
and  being  by  means  of  the  fame  mixture  placed  on  a proper  inftrument,  there 
they  remain,  when  the  cement  is  cold,  firmly  fix’d  for  operation ; after  which, 
the  cement  being  again  foften’d  by  heat,  they  are  eafily  taken  out.  The  dia- 
mond-cutters, who  ufea  very  vehement  attrition,  fallen  their  Hones  in  a cement 
made  of  rofin  and  brick-dull ; and  one  ofthe  moll  Ikilful  of  them  adds  fome 
fealing-wax;  but  plailler  of  Paris  is  here  preferable  to  brick-dull.  And,  indeed, 
fo  many  experiments  may  be  advantageoufly  made  by  the  aflillance  of  cements, 
that  I have  been  curious  in  preparing  a number  of  them.  Many  artificers  make 
ufeof  powder’d  emery,  in  different  degrees  of  finenefs,  fome  of  which  are  ex- 
tremely  fubtile  ; but  this  hard  fubllance  is  not  prepared  for  their  feveral  pur- 
pofes  by  different  fieves,  but  by  pulverization,  ablutions,  and  proper  repeated 
decantations.  And  I knew  a chymillwho  by  this  method  prepared  much  bet- 
ter Crocus  Martis^  which  he  fold  at  a more  advanced  price,  than  others  of  his  pro- 
ceffion. 

* All  bodies  near  the  furfaceof  the  earth  fall  1 6 1 Dr.  Halley's  proportions  concerning  the  defcent 
fbet,  1 inch,  EngHfb , in  the  firftfecond  offline.  See  | of  heavy  bodies.  Philof  Tranf  N°  179.  p.  9. 

To 
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Tohe\  : uter  and  marble  out  of  the  rock  is  very  expenfive  and  laborious ; The  obtaining 
but  by  the  u : ot  gun-  owder  large  portions  of  both  are  eafily  obtainable.  The  offtonefrom 
medio  J is,  to  mak  a perforation,  of  the  defired  length,  into  the  body  of  the  rock, the  <luarrJ- 
with  a tendency  upwards,  and  lodging  a convenient  quantity  of  powder  in  the 
"farther  end  thereof,  the  remaining  cavity  is  filled  up  with  rubbifh  and  well  ramm’d 
in  *,  a little  fpace  only  being  left  for  a train,  whereby  fire  may  be  given  to  the 
powder,  which  will  thus  break  the  upper  part  of  the  rock  intofeveral  pieces  of  a 
manageable  fize.  And  by  this  means,  a little  varied  and  improved,  fome  inge- 
nious acquaintance  of  mine,  who  were  imploy’d  by  the  public  to  raife  vaft  piles, 
have  lately  blown  up,  withafew  barrels  of  powder,  many  hundreds,  or  perhaps, 
thoufands  of  tuns  of  common  rock. 

To  falhion  glades  for  watches,  or  the  like  purpofes,  into  a convex  or  concave  Figuring  of 
figure,  they  feem  to  require  grinding,  or  fome  particular  lkill  in  the  management  'tglaJFes>  and  re- 
yet  I have  found,  from  experience,  that  a fmooth  and  flat  piece  of  glafs,  of  ^oTdef^  f° 
competent  thicknefs,  being  carefully  laid  upon  a fhallow  concave  cylinder  of 
iron,  fo,  that  the  round  edges  of  both  mutually  touched  each  other,  the  heat  of  a 
fire,  warily  applied,  will  foften  the  glafs,  and  fuffer  it  to  fink  into  the  form  requir- 
ed. Thisway,  ’tistrue,  will  not  always  exhibit  the  precife  figure  one  wou’dwifh  ; 
but  when  fkilfully  pra&ifed,  it  fucceeds  fo  often,  that  fome  ingenious  artifi- 
cers have  quitted  their  ufual  method  of  making  watch-glafies  for  this,  which  is 
much  more  cheap  and  eafy.  In  fome  parts  of  England  may  be  found  various 
kinds  of  talc,  or  Lapis  fpecularis , and  there  are  of  them  very  cheap  and  plentiful, 
tho’to  reduce  it  to  powder  by  the  mortar  and  fieve  is  exceeding  tedious  and  la- 
borious ; but  a&ual  flame  will  fpeedily  reduce  fmali pieces  thereof  to  a perfectly 
white  calx.  And  a fugacious  acquaintance  of  mine,  thus,  alfo,  prefently  reduced 
large  lumps,  by  calling  them  red-hot  into  cold  water.  This  operation  has  an 
affinity  to  that  wherein  fome  chymifls  granulate  mafifes  of  gold  and  filver,  by 
pouring  them,flrongly  melted, from  a competent  height  into  cold  water,  where- 
upon there  happens  a diffilition  of  the  parts  of  the  metal;  when  many  fmali 
portions  thereof  fall  to  the  bottom.  But  the  fofter  metals,  as  tin,  and  lead,  are 
better  and  more  expeditioufly  granulated  by  the  procefs  jufl  mention’d  for  talc. 

And  by  twice  or  thrice  repeating  the  ignition  and  extinction,  I have  immediately 
brought  cryflal  flints  to  a fitnefs  for  making  counterfeit  gems. 

Confiderable  art  feems  uftd  to  counterfeit  fruit  in  wax,  efpecially  when  a par-  Making  i. mao* 
ticular  lemmon,  or  orange,  is  exadtly  reprefented : yet  this  art  may  be  learnt in 
in  an  hour  ortwo-,  for,  having  the  fruit  to  be  imitated,  ’tis  only  burying  it  half 
way  in  a clay  coffin,  the  edges  whereof,  as  well  as  the  extant  part  of  the  fruit, 
beingoil’d;  and  nimbly  throwing  on  it  temper’d  alabafter,  or  plaifler  of  Paris] 
to  a confiderable  thicknefs  ; .which,  when  concreted,  and  taken  off,  is  a half- 
mould *,  wherein  the  fruit  being  now  placed,  with  its  other  end  upwards,  a fe- 
cond  half-mould  may  be  obtain’d,  as  the  former  ; and  when  the  two  are  join’d 
together,  a little  colour’d  wax,  melted,  and  brought  to  a due  heat,  being  poured 
thro’  a hole,  made  in  any  convenient  part  of  the  mould,  and  prefently  fliook 
every  way  therein,  will,  when  cold,  lively  reprefent  the  original.  And  here  it 
might  appear  an  extraordinary  piece  of  art  to  caufe  fo  great  a cavity  as  there  will 
remain  in  the  counterfeit  fruit,  and  torenderthe  rep  r dentation  fo  perfeCtwithlb 
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fmall  a quantity  of  wax;  whereas,  the  bare  fhaking  of  the  mould,  together  with 
the  expanfive  force  of  the  included  air,  applies  the  wax  fo  clofe  to  the  whole  in- 
ternal lurface,  that  ’tis  thereby  form’d  into  one  large  film,  and  feems  difficult  to 
be  feparated  without  injury,  which  mtift  enfue,  did  not  nature  here  again  affift 
theartid,  and  caufe  the  mixture,  when  it  cools,  to  fhrinkfrom  the  mould. 

I know  a famous  graver  who  writes  but  a bad  hand,  and  yet  with  his  tool  he 
can  imitate  the  fined  performances  of  the  moft  celebrated  writing-mailers.  This 
has  appear’d  furprizing  to  virtuofi  thcmlelves,  that  a man,  with  a ftiff  iron  in- 
ftrument,  fhou’d  write  incomparably  fairer  upon  a tough  copper-plate,  than  with 
a good  pen  upon  paper.  The  method  itfelf  is  kept  asa great  lecret,  and  I cou’d  not 
learn  a curious  particular  or  two  ; yet  by  putting  queflions,  and  by  feme  trials  of 
my  own,  I have  obtain’d  the  fubdance  thereof-,  which  is  this.  The  copy  to  be 
engraved  is  wrote  by  an  excellent  hand,  with  a peculiar  kind  of  ink,  as  black  as 
the  common;  and  the  copper-plate,  being  moderately  warm’d,  is  rubbed  over 
with  a certain  white  varnifh,  and  fuffer’dto  cool ; then  the  paper  being  gently 
moiden’d,  that  it  may  readily  communicate  its  ink,  the  writing  is  applied  to  the 
prepared  furface  of  the  plate,  and  fopaffed  thro’  a rolling-prefs ; by  which  means 
the  ink  adhering  to  the  varnilh,  leaves  the  letters  very  confpicuous  ; whence  ’tis 
eafy,  with  a fixed  needle,  to  trace  the  drokes,  thro’  the  varnifh,  upon  the  plate, 
which  being  afterwards  cleanfed,  the  letters  are  finifhed  with  the  graver,  and 
the  work  printed  off  in  a rolling-prefs,  as  common  cuts. 

I have  alfo  taken  off  written  characters  without  the  help  of  a prefs,  by  laying 
the  moiften’d  paper  fmooth  upon  the  varniffied  copper,  and  rubbing  it  hard 
thereon  with  a convex  piece  of  glafs,  or  the  like  ; provided  the  ink  be  good,  and 
thick  laid  on.  For  varnifh,  here,  I have  ufed  the  purer  fort  of  virgin  wax  ; 
and  for  my  ink,  the  fine  Frankford  black,  as  the  painters  call  it,  which  was  gra- 
dually and  carefully  ground  with  water,  till  it  obtain’d  the  confidence  of  com- 
mon ink  ; but  no  gum  is  to  be  added,  led  that  diou’d  hinder  its  coming  off. 

There  is,  likewife,  a way  whereby  printed  cuts  are  fo  far  taken  off,  that,  a 
lead,  the  outlines,  and  principal  drokes,  may  be  ready  copied  for  graving. 
If  the  print  be -not  above  a year  or  two  old,  the  paper  need  only  be  well 
moiden’d  with  water,  as  for  printing,  with  the  ufual  ink  of  cuts  ; but  if  it 
be  more  ancient,  it  ffiou’d  be  laid  to  foak  all  night  in  water,  and  afterwards 
differ’d  to  hang  in  the  air  ’till  it  becomes  dry  enough  for  the  prefs.  The 
paper  thus  prepared,  is  to  be  laid  with  its  printed  fide  next  the  plate,  thinly 
cafed  over  with  white  wax,  which  is  thus  to  be  committed  to  the  rolling  prefs, 
whereby  an  impreffion  of  the  cut  will  be  gain’d. 

But  there’s  one  thing  that  feems  more  than  any,  hitherto  mention’d,  to  re- 
quire immediate  manual  operation  I mean  a method  of  tranferibing,  at  once, 
a whole  page  of  writing.  Whether  this  be  performable  with  eafe  and  cheap- 
nefs  enough  for  common  ufe,  is  another  quedion  ; but,  that  the  thing  ispoffi- 
ble,  by  phyfical  means,  I am  convinced  from  my  own  experience. 

Hitherto  fuch  indances  have  been  produced  wherein  philofophical  know- 
ledge may  be  fubdituted  for  manual  dexterity,  mechanical  tools,  and  mathe- 
matical indruments  ; to  thefe  I fhall  fubjoin  one,  to  fhew,  that  a mathematician, 
and  a mechanic,  by  being  acquainted  with  a (light  phyfical  property  of  ob- 
vious 
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views  holies,  may  perform  what  mathematical  learning,  and  mechanical  fkilf, 
wou’d  not  otherwife  accompli  Hi. 

That  a mafly  body,  fome  hundred  thoufaad  pounds  in  weight,  fhou’d  be  hftances 
raifed  by  means  of  a little  water,  feems  very  lurprizing  *,  yet  this  was  done  at  " 

Conftmtinople , as  we  learn  from  Busbequius  *,  who  tells  us,  “ that  a monftrous  nature  may 
“ obelifk,  thrown  from  its  pedeftal  in  the  city,  had  remain’d  at  its  length  for  improve  me- 
“ many  ages,  till  in  later  times  an  architect  appear’d,  who,  for  a certain  fum ^hanical  Jkill. 
“ undertook  to  fet  it  again  upon  its  bafe  ; and  having  to  this  end  prepared  a- 
<c  bundance  of  machines,  he  therewith  raifed  it  within  an  inch  of  its  due  height ; 

“ when  the  fpedlators  imagin’d  it  cou’d  not  be  elevated  higher  ; but  he,  rely- 
cc  ing  upon  his  knowledge,  of  nature,  commanded  water  to  be  brought  him, 

“ which  being,  for  feveral  hours,  thrown  upon  the  ropes  that  fupported  the 
tc  pillar,  they  gradually  contru&ed  and  fo  fet  it  upon  its  bafe,  to  the  great  fur- 
“ prize  of  the  vulgar.”  And  to  render  this  the  more  credible,  the  like  is  men- 
tion’d by  many  eminent  authors,  as  having  been  elfewhere  pradlifed ; and  the 
thing  is  allowed  of  by  that  great  mafter  of  mechanics,  Galileo. 

The  ufual  methods  of  catching  fifh  among  us,  require  pains  and  fkill ; but  the 
illiterate  Americans  have  preferable  ways,  from  the  knowledge  of  a phy  fical  pro- 
perty of  a certain  wood,  wherewith  they  impregnate  the  water,  andftupify  the 
fifh  fo,  that  they  roll  upon  the  furtace,  and  are  eafily  taken  with  the  hand.  And 
this  appears  probable  from  the  intoxicating  preparations  we  are  here  poffefs’d 
of,  which  tho’  flight,  fall  not  much  fhort  in  their  effedl ; and  having  particu- 
larly enquired  of  a learned  phyfician  who  came  from  that  country,  he  allured 
me  it  was  true,  and  that  he  faw  the  Englijh  ufe  the  fame  method,  by  tying  a 
log  of  this  wood,  which  they  call  dog- wood,  to  the  ftern  of  their  boats,  The 
hair  growing  on  any  part  of  the  body,  may,  without  the  ufe  of  any  inftru-  . 
ment  for  that  purpofe,  be  very  expeditioufly  taken  off,  to  appearance,  by  the 
roots  •,  whence  it  is  again  of  a much  flower  growth.  This  is  effedled  by  a 
property  of  the  natural  produ&ion  call’d  Rujma.  Bellonius  gives  us  the  me- 
thod wherein  they  ufe  this  drug  in  the  Eaft  ; but  I had  made  experiments  with 
a parcel  of  it,  before  I met  with  his  obfervations.  I mix’d  it,  in  fine  powder, 
with  an  equal  weight  of  ftrong  pulveriz’d  quick-lime,  and  permitting  them  to 
foak  for  a fhort  fpace  together  in  a little  fair  water,  they  become  a fo  ft  pafte, 
which  I fpread  thin  upon  that  part  of  the  body  I wou’d  free  from  hair ; and 
fullering  it  to  remain  on  about  three  minutes,  I wipe  it  off  with  a linen  cloth 
dip’d  in  water,  and  find  the  hair  taken  away  by  the  roots,  without  any  dif- 
cernable  inconvenience  to  the  part.  Thus  I feveral  times  repeated  the  expe- 
riment, and  more  than  once  perform’d  it  upon  my  felf. 

To  meafure  time  exadtly,  may  10  fome  appear  fcarce  practicable  without 
fprings,  wheels,  or  the  common  contrivances  ; yet  fo  fimple  a thing  as  a bul- 
let fix’d  to  a firing  will  do  it.  For  if  that  be  made  to  meafure  a little  lefs  than 
ten  inches,  from  the  point  of  its  fufpenfion,  to  the  centre  of  the  bullet,  ’twill 
fwing  half  feconds  with  lefs  inequality  than  a good  watch  ; and  may,  therefore, 
be  of  great  fervice  in  making  aflronomical  and  other  obfervations  of  a fhort 
duration,  wherein  accuracy  is  required.  And  by  means  of  a pendulum,  afkik 
ful  mufician  of  my  acquaintance  teaches  his  fcholars  to  keep  time  in  Tinging. 

But  the  bed  way,  in  obfervations,  is  to  make  the  vibrations  as  long  as  poffi- 
VOL.  I.  U B ble. 
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ble,  and  when  they  begin  to  decreafe,  to  give  a frefh  impulfe  to  the  Twinging 
weight,  left  by  growing  fhort,  they  fliou’d  not  be  fo  well  counted. 

By  knowing  the  velocity  of  founds  in  the  air,  ’tis  eafy  to  meafure  diftances 
without  geometrical  inftruments,  or  where  they  wou’d  be  ufelefs.  The  founda- 
tion hereof  is  already  deliver’d  •,  for  fince  all  founds,  whether  great  or  fmall, 
move  1380  feet  in  a fecond  *,  if  a gun  be  fired  on  one  fide  of  a river,  how  inac- 
cefiible  foever,  ’tis  but  letting  fall  a /hort  pendulum  as  foon  as  I fee  the  flafh, 
and  counting  the  vibrations  till  I hear  the  found,  to  gain  the  diftance  of  that 
gun  from  the  place  wherein  I ftand.  Suppofe,  for  inftance,  the  report  be  per- 
ceiv’d two  feconds  after  the  light,  I conclude  the  river  to  be  2760  feet  over. 

And  by  this  means  may  be  folved  a problem  that,  nakedly  propofed,  might 
feem  impoftible  *,  I mean, without  geometrical  inftruments,  to  meafure,  in  a dark 
night,  the  remote  diftance  of  one  fhip  under  fail  from  another.  For,  fuppofing 
one  of  them  to  fire  two  or  three  of  her  guns,  a pendulum  may  be  fet  a going  at 
the  firft,  taken  as  a fignal  •,  and  its  vibrations  counted  that  pafs  between  the  flafh 
and  report  of  the  fecond.  And,  by  the  way,  I have  thought,  that  if  the  velocity 
of  echoes,  which  are  only  reflected  founds,  cou’d  be  well  determin’d,  Tailors 
might,  fometimes,  in  the  dark  make  ufeful  eftimates  by  means  thereof,  as  to 
their  diftance  from  the  coaft,  or  confiderable  rocks.  For  tho’  they  cannot  juftly 
conclude  upon  difcharging  a gun,  how  near  they  are  to  the  lhore,  becaufe  fome 
parts  thereof  may  lie  lefs  remote  than  thofe  which  reflect  the  echo  ; yet  were  that 
found  to  follow  immediately  after  the  original  report,  there’s  reafon  to  fufpecft 
the  land  as  near  as  the  pendulum  fhews  the  echoing-place  to  be*. 


SECT.  VI. 

Mankind ^ery  T5  U T we  may  venture  to  afiert,  there  is  fcarce  a production  in  nature,  the 
ignorant  in  J3  ufes  whereof  to  human  life  are  hitherto  thoroughly  underftood.  This  pro- 
natural  things.  p0fition  being  very  intelligible,  needs  no  explanation  but  as  it  is  an  ungrateful 


* Sounds  are  now  commonly  ufed,  as  the 
moll  exa£t  means  for  determining  the  diftance 
of  one  place  from  another  ; and  the  moft  accu- 
rate furveys  are  made  by  the  help  of  them, 
fince  their  velocity  has  been  precifely  determined. 
And  upon  this  foot  Mr.  Whijlon , fome  time  fince, 
propofed  a new  furvey  of  England.  ’Tis  ft  ill 
more  remarkable,  that  he  and  Mr.  Ditton , im- 
proving upon  this  hint,  by  adding  light  to  found, 
and  joining  the  afliilance  of  the  eye  to  that  of 
the  ear,  advanced  a method  of  difcovering  the 
longitude  at  fea.  Their  defign  was,  that  from 
a certain  number  of  ftationary  hulks,  or  fn  ips 
riding  at  anchor  in  convenient  parts  of  the  fea, 
at  due  diftances  from  each  other,  large  fire- (hells 
fhou’d,  at  1 2 a clock,  every  night,  be  thrown 
from  mortars,  to  the  perpendicular  height  of  a 
mile,  or  more,  and  there  afford  a large  blaze 
of  white  light.  For,  if  from  a fnip  out  at  fea 


the  afcent  of  this  ball  of  fire  be  cbferv’d,  the 
failors  will  thence  know  the  difference  of  time 
between  the  meridian  of  their  fhip,  and  that  me- 
ridian in  the  plain  whereof  the  fire-ball  alcends  ; 
fo  that  the  point  of  the  compafs  from  whence 
the  light  came  being  obferved,  and  the  place 
where  the  exploficn  was  made  found  mark’d  on 
the  fea-chart,  the  longitude  at  fea  mull  thence 
be  difeovered.  They  aifo  propofed  other  me- 
thods for  finding  the  fame,  as  from  obferving 
the  time  that  paffes  between  the  firft  feeing  the 
light,  and  hearing  the  found  of  the  mortar  ; cr 
from  the  angle  wherein  the  ball  appears  at  its 
utmoft  height.  But  all  of  them,  tho’  very  in- 
genious and  good  in  the  theory,  are  defective  in 
the  pra&ice  : being  exceeding  troublesome,  and 
yet  precarious.  Thefe  inconveniencies  Mr. 
Whijlon  is  now  attempting  to  remedy  by  means 
of  the  dipping-needle, 

paradox. 
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paradox',  it  requires  a full  demonftration  *,  becaufe  it  cannot  be  admitted  with- 
out fuch  a confeflionof  our  ignorance  as  mult  tacitly  accufe  us  of  lazinefs.  How- 
ever, we  may  fay,  with  Seneca , a greater  knowledge  and  command  of  nature 
wou’d  have  been  gain’d,  had  it  not  been  prefumed  we  were  already  arrived  to 
a much  more  considerable  degree  than,  indeed,  we  are,  in  comparifon,  of  what 
remains  behind  obtainable.  I Ihall,  therefore,  offer  fome  confiderations  to  rouzc 
our  curiofity,  by  fhewing  how  defective  it  has  been,  and  how  much  of  nature 
continues  undifcover’d  to  exercife  and  reward  our  induftry.  It  mult  be  remem- 
ber’d, that  I here  fuppofe  the  ufefulnefs  of  nature’s  works  to  mankind  chief- 
ly depends  upon  the  knowledge  we  have  of  their  properties  ; and,  confequent- 
ly,  that  the  more  we  learn  of  thefe,  the  more  ufes  we  receive  therefrom  ; fo 
that  whatever  aftifts  us  to  difcover  things  which,  probably,  may  prove  ufeful, 
is  a phyfical  ufe  thereof,  tho*  in  itfelf  not  immediately  practical. 

I obferve,  in  the  firft  place,  that  very  few  of  nature’s  works  have  been  fuffi-  The  •works  of 
ciently  confider’d,  even  as  to  thofe  qualities  that  properly  belong  to  them.  n^l[e 
There’s  a kindof  terra  incognita  in  every  natural  body,  referv’d  for  thedifcovery^* 
of  futurity.  For  there  are  various  artificial  means  of  finding  out  the  properties  peculiar-  quail - 
of  things,  by  chymiftry,  optics,  ftatics,  which  require  fuch  (kill,  induftry, ties 
and  inftruments  in  their  application,  that  few  have  the  curiofity  and  ability  to 
examine  materials  in  all  thefe  feveral  methods  ; yet  unlefs  this  be  done,  various 
properties  thereof,  fome  of  which  are,  probably,  capable  of  ufeful  applications, 
are  likely  to  remain  undifcover’d,  as  might  be  eafily  fhewn  by  an  induction 
of  particulars.  But  many  things,  doubtlefs,  muft  continue  unknown  in  the 
abftrufer  productions  of  nature,  when  even  the  moft  obvious  and  familiar  ob- 
jects hide  abundance  from  us.  To  inftance  in  our  own  bodies,  wherewith  we 
are  highly  concern’d  to  be  acquainted  *,  how  many  difcoveries  have  been  made 
in  the  prefent  age  that  remain’d  unthought  of  for  above  two  thoufand  years  ? 

The  happy  fuccefs  of  Harvey , Afellius , Pecquet , Bartholine , and  Wirfungius , 
are  remarkable  inftances  hereof.  In  bodies  fo  familiar  as  thofe  of  eggs  and 
chickens,  tho’  Ariftotle , many  ages  fince,  was  folicitous  about  their  hiftory  ; 
yet  fo  little,  till  within  thefe  few  years,  was  known  concerning  them,  that 
it  grew  a hot  difpute,  whether  the  chick  were  formed  of  the  white,  or  the 
yolk;  when  our  excellent  Harvey  Ihew’d,  as  I have  alfo  obferved,  that  it  pro- 
ceeds from  neither  of  them,  nor  even  the  treddle  ; but  that  fpeck  which  ap- 
pears in  the  coat  of  the  yolk.  Kepler  is  faid  to  have  been  the  firft  who  told 
the  world  fo  obvious  a thing  as,  that  the  parts  of  fnow  are  of  an  hexagonal 
figure,  in  a difcourfe  wrote  on  that  fubjeCt.  However,  I find,  Oalus  Magnus 
makes  mention  of  it ; and  I myfelf  have  frequently  obferved  the  fame 
thing  efpecially  about  the  beginning  of  the  feafon  ; for  that  is  not  its  con- 
ftant  figure  *,  but  ’tis  furprizing,  the  difcovery  Ihou’d  not  be  made  before 
the  prefent  age.  As  common  a liquor  as  vinegar  has  been  for  many  ages, 
yet,  that  it  orten  abounds  with  fhoals  of  living  creatures,  which  thro’  a mi- 
crofcope  appear  like  eels,  was  a difcovery  which  feem’d  fo  new  but  a few  years 
ago,  that  when  I obferved  it,  to  fome  virtuofi  in  England , as  a phenomenon  to 
be  feen  with  the  naked  eye,  they  thought  me  deceiv’d,  till  their  own  eyes  fully 
afiured  them  of  the  contrary.  That  the  milky  way  Ihou’d  for  two  thoufand 
years  pafs  for  a meteor  is  not  ftrange,  confidering  the  minutenefs  of  the  ftars 

U 2 that 
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thatcompofe  it ; nor  do  I,  for  the  fame  reafon,  wonder,  that  the  predeceflcfrs  of 
Galileo  reckon’d  only  feven  planets  •,  nor  fufpedted  Venus  to  reprefent  the  fame 
phafes  with  the  moon  : thefe  inftances  however,  ferve  to  ftiew,  that  many  attri- 
butes of  bodies  are  fcarcely  difcoverable  without  artificial  helps.  But  what  may 
not  mankind  overlook,  when  the  fun  itfelf,  the  moft  confpicuous  body  in  the 
univerfe,  has  vaft  dark  fpaces,  perhaps  bigger  than  Afia  or  Europe,  frequently 
generated  and  deftroy’d  upon  his  furface  ; whereof  even  the  aftronomers  took 
no  notice  till  the  excellent  Galileo,  and  the  induftrious  Scheiner  ? In  the  year 
16.60,  April  27,  about  8 a clock  in  the.  morning,  I my  felf  obferved  a fpot  in 
the  lower  limb  of  the  fun,  a little  towards  the  fouth  of  its  equator,  which  was 
enter’d  about  4§-  of  the  diameter  of  the  fun  itfelf,  being  about  -rh,  in  itsfhort- 
eft  diameter,  of  that  of  the  fun,  and  its  longeft  about  of  the  fame.  It  dif- 
appear’d  upon  May  9,  in  the  morning,  tho’  we  faw  it  the  day  before  at  about 
the  fame  diftance  from  its  weftern  limb,  a little  fouth  of  its  equator  tho’  it 
firft  appear’d  from  the  eaft  limb,  a little  fouth  alfo  of  its  equator.  It  feem’d 
to  move  fafter  in  the  middle  of  the  fun,  than  towards  the  limb.  It  was  a very 
dark  fpot,  almoft  quadrangular,  and  enclofed  round  with  a dufkifh  cloud.  We 
firft  obferved  this  very  fame  fpot,  for  figure,  colour,  and  fize,  to  be  re-enter’d 
the  fun  May  2 5,  when  it  appear’d  to  be  in  a part  of  the  fame  line  it  had  former- 
ly traced,  and  was  enter’d  about  if  of  its  diameter  at  7 a clock  in  the  evening. 
At  the  fame  time  there  appear’d  another  fpot,  which  was  juft  enter’d  not  above 
T fa  part  of  the  fun’s  diameter.  It  appear’d  longeft  towards  the  north  and  fouth  ; 
and  feveral  fmall  clouds  feem’d  to  be  difperfed  about  it  *.  The  difcovery  of 
thefe  fpots,  indeed,  was  made  by  means  of  telefcopes,  inftruments  unknown  to 
the  ancients  •,  yet  had  mens  curiofity  been  raifed  to  that  height  the  noblenefs  of 
the  objedt  deferv’d,  part  thereof,  at  leaft,  might  have  been  obferved  without 
them  ; for  I find  by  an  Italian  letter  of  Galileo,  that  fome  of  his  acquaintance, 
after  he  had  rouzed  their  curiofity,  defcry’d  fpots  therein  with  their  naked  eyes. 
Things  have  It  might  here  be  remark’d,  that  one  reafon  why  men  are  ignorant  in  the  ufes 
different  rela - 0f  fuch  things  wherewith  they  feem  well  acquainted,  may  be,  that  the  difference 
Another  °in  dif-  °f climates  anc*  places  occafion  new  relations  between  them,  and  thereby  endow 
firentYlace !,  them  with  unfufpedted  qualities.  I fhall  not  here  enumerate  the  different  pro- 
Jeafins , kc.  ’ perties  of  bodies  commonly  referr’d  to  the  fame  fpecies,  whether  of  plants,  ani- 
mals, (Ac.  in  almoft  every  country  •,  as,  that  fpiders  are  not  venomous  in  Ireland ; 
and,  that  Irijh  wood,  in  general,  if  the  tradition  be  true,  is  an  enemy  to  poifon- 
ous  creatures : I will  only  add  two  inftances  *,  the  one  to  manifeft  what  diffe- 
rent climates  may  do  *,  the  other  to  fhew  the  unexpedted  influence  of  different 
places,  perhaps,  in  the  fame  climate.  The  inhabitants  of  hot  regions,  where  it 
never  freezes,  who  deride  the  relations  of  what  happens  in  the  colder,  wou’d 


* Fromabundance  of  obfervations  more  lately 
made  of  thefe  fpots,  and  pubiilh’d  in  the  Philo- 
fophical  Tranfafiiovs , the  French  Memoirs , the 
Afia  Eruditorum , (Ac.  it  appears  that  they  are 
nearer  to  the  fun  than  the  planet,  Mercury ; that 
vet  they  are  not  actually  on  the  fun’s  furface,  but 
at  fome  diitance  from  it ; that  new  ones  frequent- 


ly appear  and  difappear,  and.  are,  therefore,  pro- 
bably form’d  of  the  fun’s  exhalations,  or  are  its 
clouds.  Hence  it  (hou’d  feem  that  the  fun  has  an 
atmofphere,  like  that  of  the  earth,  wherein,  fihce 
thefe  fpots  or  clouds  fall  back  again  to  the  fun, 
feveral  changes  mull  neceffarily  happen  in  that 
luminary,  as  well  as  in  its  atmofphere. 


never 
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never  imagine  that  water  cou’d  be  broken  in  a mortar  like  a dry  body,  be 
tranfported  in  open  carriages,  kept  all  the  year  round  in  that  form,  and,  laft- 
ly,  communicate  an  intenfe  coldnefs  to  other  water  in  the  fummer.  And  the 
lefs  inquifitive  among  ourfelves  can  fcarce believe  that  water  will  ferve  for  high- 
ways, in  travelling,  the  marching  of  armies,  the  training  of  artillery,  and  for 
a field  of  battle  *,  yet  in  the  more  northern  countries  all  this  is  pra&ifed  upon 
the  ice  in  the  winter  feafon. 

The  fecond  inftance,  is  the  declination  of  the  magnetic  needle  from  the  true 
north  and  fouth  points*,  with  the  variation  of  the  fame.  For,  altho’  the  load- 
ftone  has  been  long  admired,  and  fince  its  happy  application  to  navigation, 
generally  known,  and  peculiarly  ftudied*,  yet  that  the  needle  does  not  in  fome 
places  point  direClly,  perhaps  not  by  many  degrees,  to  the  pole,  as  it  will  in  o- 
thers,  is  no  ancient  obfervation,  being  afcribed  to  Sebaftian  Cabot.  And,  ac- 
cording to  our  famous  Gilbert , he  muft  have  lived  fince  then  who  firft  remark’d 
that  flrange  and  confiderable  alteration  of  the  unexpe&ed  phenomenon,  its  de- 
clination in  the  fame  place,  towards  the  eaft  or  weft,  in  procefs  of  time*,  the 
truth  whereof  I cou’d  confirm  by  obfervations  of  my  own,  compared  with  thofe 
of  modern  authors.  And  as  the  fame  bodies  may  have  different  qualities  and 
ufes  in  different  places,  fo  tnay  they  alfo,  if  examin’d,  and  employ’d  at  diffe- 
rent times,  feafons,  or  peculiar  periods,  wherein  they  undergo  fome  fignal 
changes.  But  thefe  are  not  obvious  to  every  eye,  as  when  fruit  grows  ripe,  or 
wine  turns  to  vinegar  *,  but  fuch  as  require  fkill  and  curiofity  in  the  obferver. 
Thus,  while  common  urine  is  frefh,  the  volatile  and  pungent  falts  are  fo  clog- 
ged with  other  particles  therein,  that  near  nine  parts  in  ten  muft  ufually  be  e- 
vaporated  before  they  will  rife  *,  and  afterwards  a confiderable  heat  given  to 
force  up  the  laft.  Now,  tho’  the  tradefmen  who  deal  in  urine  commonly  o- 
verlook  the  difference  ; yet  if  the  urine  be  barely  kept  for  fix  or  feven  weeks, 
the  faline  and  noble  parts  will  in  that  time  have  fo  extricated  themfelves,  that 
a very  gentle  heat  will  raife  them  firft,  and  leave  that  phlegm  behind  which  in 
the  former  cafe  preceded. 

That  the  Thames  water,  when  carried  long  voyages,  and  into  hot  climates, 
will  have  a very  offenfive  fcent,  the  common  putrefaction  of  ftagnant 
water  may  perfuade  us ; yet  ’tis  found,  if  that  be  kept  long  enough,  tho’  in 
the  fame  veffel,  and  a hotter  climate,  it  will  at  length  grow  fwett  and  potable 
again.  And  this  I have  not  from  vulgar  tradition,  but  receiv’d,  by  enquiry, 
from  two  very  inquifitive  perfons,  upon  their  own  knowledge  ; one  whereof 
had  particularly  obferv’d  it  in  failing  between  Europe  and  Africa  ; and  the  o* 
ther  in  going  and  returning  from  America.  And  I the  rather  mention  this,  be- 
caufe  feveral  other  waters  have,  as  I am  inform’d,  the  faculty  of  recovering 
after  putrefaction,  as  well  as  that  of  the  Thames  *,  whereto  *tis  ufually  fuppofed 
peculiar.  And  having  had  the  curiofity  to  try  how  the  rougher  kind  of  wa- 
ter, that  will  not  bear  foap,  might  be  remedied  *,  an  induftrious  perfon,  whom 
I employ’d,  affured  me  he  had  met  with  pump-waters,  that,  barely  by  (land- 
ing a few  days,  wou’d  gain  this  property. 

Coriander- feeds,  when  frefh  gather’d,  areobferved  to  have  fuch  an  acrimony, 
that  fome  ancient  phyficians  account  them  venomous  *,  and  difpenfatories  ufual- 
ly order  them  to  be  corrected  with  vinegar*  or  the  like  *,  but  the  more  af~ 
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accurate  obfervers  tell  us,  that  this  feed,  in  a competent  time,  lofes,  of  itfelf, 
this  oftenfive  quality.  And  the  like  in  both  refpedls  is  obferved  by  fome  emi- 
nent apothecaries  as  to  the  roots  of  aron. 

9Tis  allow’d,  that  vegetables,  however  managed,  unlefs  firft  reduced  to  foot, 
will  afford  no  dry  volatile  fait,  like  that  of  animal  fubftances  ; yet,  by  dif- 
courfing  lately  with  a very  ingenious  perfon,  as  alfo  by  fome  experiments 
made  to  examine  diftill’d  liquors,  I was  fatisfied  there  are  various  vegetables 
growing  common  in  England^  which,  gather’d,  and  laid  together,  at  a certain 
leafon,  and  diftill’d  at  a particular  jundure,  will  yield  a volatile  fpirit  that  in 
its  fcent,  tafte,  and  various  effedls,  as  turning  fyrup  or  violets  green,  hiding 
with  acid  fpirits,  &c.  refembles  the  volatile  fpirits  and  lalts  of  animal  fub- 
ftances : and,  what  appears  furprizing  in  this  great  change,  the  fecret  whereof 
I wifti  1 durft  communicate,  it  is  effedled  without  any  addition. 

Nor  are  vegetable  and  animal  fubftances  only  thus  alterable  in  their  texture  * 
but  even  mineral  bodies  themfelves.  ’Tis  a complaint  in  chymiftry,  that  tho* 
we  are  taught  to  make  the  fait  of  diftill’d  vitriol  by  immediately  taking  the  Ca- 
put mortuum  thereof,  freed  from  the  oil  by  a violent  fire,  and  extracting  all  its 
faline  parts  by  repeated  affufions  of  water  *,  yet  this  means  will  not  obtain  the  fait. 
Buti  found,  by  enquiring  of  thofe  who  diftil  large  quantities  of  oil  of  vitriol, 
that  if  the  Caput  mortuum  be  fuffer’d  to  lie  a confiderable  time  in  the  air,  ’twill 
be  fo  impregnated  with  new  faline  particles,  as  to  be  worth  a fecond  dift illa- 
tion. And,  as  we  formerly  mention’d,  there  are  quarries  of  folid  and  ufeful 
ftone,  fome  whereof  has  been  employ’d  about  ftately  buildings,  that  I have  feen, 
whofe  property,  as  we  have  alfo  heard  of  other  kinds,  is,  that  being  dug  at  a par- 
ticular feafon  of  the  year,  it  proves  thus  good  and  durable*,  but  if  employ’d  ata 
wrong  time,  makes  but  wretched  ftrudlures ; as  has  been  found  by  fad  experience. 

Time  and  place  are,  indeed,  two  of  the  principal,  but  not  the  only  things 
whofe  variations  may  difcover  unheeded  properties  in  natural  bodies ; even 
the  (lighted:  circumftances  may  afford  new  ufes  in  folid  and  lading  materials. 
Optical  glafs-grinders  have  complain’d  to  me  that  their  convex  glaffes  will  fre- 
quently prove  veiny  *,  and  thereby  render  the  labour  bellow’d  upon  them  almoft 
ufelefs  \ becaufe  they  are  unable  to  difcover  thefe  blemifhes  by  the  moft  care- 
ful examination,  till  a confiderable  time  be  fpent  in  the  work  *,  and  even  then 
they  continue  inviftble  while  the  glafs  is  held  at  an  ordinary  diftance  from  the 
eye ; but  upon  removing  it  fome  feet  therefrom,  thofe  defedts  become  apparent : 
fo  ferviceable  may  an  encreafe  of  diftance  be  where  one  wou’d  leaft  expedt  it. 
Bodies  mufi  be  The  change  of  pofture  may  feem  a fmaller  circumftance  than  the  change  of 
confider'd  na-  diftance ; yet  Dr.  Gilbert  has  obferved,  and  I have  found  it  true,  that  perpendicu- 
‘be^e'their  *a r iron  rods,  as  the  bars  of  a window,  by  long  {landing  in  that  pofition,  acquire 
properties  can  magnetic  poles  i fo  that  the  needle  of  a dial,  for  inftance,  applied  to  the  lower 
he  known.  part  of  fuch  a bar,  will  have  its  fouthern  end  attradled  *,  whereas,  the  upper  ex- 
tremity of  the  faid  bar  will  feem  to  repel  that,  and  attradl  the  northern.  And  here 
I cannot  but  obferve,  that  men  will  fcarce  ever  be  able  to  know  all  the  pro- 
perties and  ufes  even  of  familiar  bodies,  till  they  fhall  have  been  mathematical- 
ly confider’d;  for  there  are  many  things  thereto  belonging,  which,  probably, 
anaturalift,  how  curious  foever  he  may  be,  will  never  other  wife  difcover.  Various 
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inftances,  which  prove  this  alfertion,  have  been  already  produced  ; however, 
the  thing  is  of  fo  great  importance  for  naturalifts  to  be  convinced  of,  that  I lhall 
again  inculcate  it  upon  them  with  a few  more  examples.  Since  the  firft  ages 
of  the  world  men  muff,  fometimes,  have  beheld  fwinging  bodies ; yet  till  Ga- 
lileo no  one -took  notice  that  their  vibrations,  whether  great  or  fmall,  were  per- 
form’d in  equal  times.  This  difcovery  required  a mathematical  eye;  andfome 
of  the  ufes  of  it  we  have  feen  already. 

That,  water  running  out  at  a hole  near  the  bottom  of  a veffel  defcribes  a 
parabolic  line,  or  one  that  nearly  refembles  it*,  and,  that,  in  the  like  experi- 
ments there’s  a determinate  proportion  alfignable  between  the  perpendicular 
height  of  the  water,  and  the  diameter  of  the  hole*,  whence  the  quantity  that  will 
iffueout  thereat  in  a given  time,,  with  its  velocity,  may  be  computed  *,  was  not,  that 
I know  of,  obferv’d  before Galil<eo  and  Merfennus  attempted  toadjuft  this  matter. 

As  frequent  as  are  the  occafions  we  have  to  take  notice  of  air,  water,  and 
glafs  *,  our  modern  mailers  in  optics  have  made  great  difcoveries  as  to  the  diffe- 
rent refractions  of  the  rays  of  light  in  thofe  feveral  mediums,  with  other  parti- 
culars, unregarded  by  fuch  as  are  not  lkill’d  in  that  fcience.  ’Twas  from  a geo- 
metrical contemplation  of  the  drops  of  dew  upon  the  grafs  and  leaves,  with  the 
colours  the  rifing  fun  ufually  paints  therein,  that  the  great  Des  Cartes  raifed  a 
neat  hypothefis  to  account  for  the  phenomena  of  the  rain-bow.  For  he  found, 
that  inoneparticularanglemadeat  thefpedlator’seye,  by  a ray  of  light  proceeding 
from  a certain  part  of  the  drop,  and  the  imaginary  flrait  line  reaching  from  the 
eye  to  the  fun’s  centre,  the  appearance  of  red  was  exhibited  ; in  another,  that 
of  yellow  •,  in  a third,  that  of  blue,  &c.  and  in  fome,  no  colour  at  all.  ’Till 
this  time  the  world  was  ignorant  of  fuch  confiderable  properties  of  fpherical 
diaphanous  bodies  illumin’d  by  the  fun.  Thus  alfo,  tho’  wood  and  timber 
mull  have  been  daily  broke, by  weights  *,  yet  till  GaliUo  applied  geometry  to  this 
fubjedl,  the  refiflance  of  folid  bodies  in  breaking,  by  means  cf  their  own 
weight,  or  that  of  others,  feems  not  to  have  been  lufpedted  reducible  to  cal- 
culation. And  a virtuofo  of  my  acquaintance,  can,  from  a mufical  inftru- 
ment,  whereof  he  is  mailer,  obferve  a property  of  metals  not  dreamt  of  by 
chymifis.  He  hereby  finds,  that  equal  wires  of  different  metals,  will,  up- 
on due  tenfion,  yield  founds  different  in  lharpnefs  by  determinate  mufical 
notes,  or  the  divifions  thereof.  It  were  eafy  to  add  various  other  remarks, 
made  by  Merfennus  and  Galileo , as  to  the  force  of  guns  encreafing  proportiona- 
bly  to  their  length,  but  decreafingwhen  they  come  beyond  a particular  llandard  *, 
the  parabolic  line  wherein  bullets  fhot  outof  a gun  are  faidto  move  *,  and  the  like 
mathematical  propertiesof  things,  which  geometricians,allronomers,  engineers, 
&c.  have  already  obferved.  But  I fhall  only  fubjoin  one  inllance  more  to  prevent 
our  imagining  that  the  moll  familiar  objedls  wherein  the  fewell  properties  feem 
difcoverable,  have  been  fufficiently  confider’d.  What  phenomenon  in  nature  oc- 
curs more  frequently  than  the  falling  of  heavy  bodies  ? yet  not  a foul,  that  we 
know  of,  once  made  a fair  attempt  to  determine  their  acquired  velocity  till  Ga- 
lileo reduced  it  to  the  proportion  formerly  mention’d  •,  wherein  moll  of  the  fuc- 
ceeding  mathematicians  have  acquiefced.  In  a word,  till  geometry,  mecha- 
nics, optics,  and  the  like  fcienccs,  be  more  generally  and  fkilfully  applied  to 
philofophy,  many  properties  and  ufes  of  natural  things,  muft,  doubtlels,  re- 
main unknown.  And 
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And  as  we  have  hitherto  obferved  of  bodies,  fo  will  ! venture  to  add  of  qua- 
lities, and  various  other  things- in  nature,  that  even  the  mofl  obvious  may  have 
attributes  and  ufes  which  learned  men  overlook.  That  black  bodies,  for  in- 
fiance,  are  fooner  heated  by  the  fun  than  white  ones,  orthofe  of  any  light  co- 
lour, is,  perhaps,  but  very  little  taken  notice  of  •,  yet  this  is  demonflrable  in 
many  particulars,  as  may  eafily  be  try’d  in  a black  glove,  and  a white  one;  or 
in  two  eggs,  one  whereof  is  black’d.  Cold  is  one  of  the  mofl  familiar  quali- 
ties we  deal  with  ; and  tho’  little  is  apt  to  be  expelled  therefrom,  it  will  per- 
form the  office  of  heat  in  fpirit  of  wine,  and  preient  us  with  inflammable  fpi- 
rit  from  beer,  and  other  liquors  fmaller  than  wine*.  And,  to  pafs  by  Paracelfus* s 
procefs  of  making  the  effence  of  wine  by  freezing  all  the  phlegm;  thofe  who 
have  failed  into  the  frigid  zone  afifureus,  from  repeated  experiments,  that  not 
only  wine,  but  beer,  by  a congelation  of  their  more  aqueous  parts,  will  fepa- 
rate  therefrom  a flrong,  hot,  fpirituous  liquor.  Even  in  our  own  temperate 
climate  fome  odd  feparations  may  be  made  by  cold  ; as,  particularly,  of  a li- 
quor from  oil,  much  finer,  and  more  fpirituous  than  the  reft.  I know  an  emi- 
nent artificer  who  held  it  as  a great  fecret,  to  refort,  in  hard  frofls,  to  large 
jars  of  oil,  and  there  take  out  the  fine  thin  fluid  from  the  cracks  in  the  con- 
geal’d part ; this  being  much  better  than  the  other  to  preferve  things  from  rufl  ; 
and  for  this  purpofe,  alfo,  fome  watch-makers,  who  were  made  acquainted  with 
its  virtue,  highly  efleem’d  it.  But  it  were  tedious  to  infill  on  all  the  inllances 
produceable  of  applications  that  may  be  made  of  colours,  found,  levity,  elafli- 
city,  fermentation,  and  putrefa&ion  ; and  endlefs  toprofecute  what  might  be 
afforded  by  moi  e general  and  adlive  flates  and  faculties  of  bodies.  For,  not  on- 
ly motion,  and  refl,  fluidity,  andfirmnefs,  gravity,  and  the  like,  have  a more 
univerfal  influence  on  things  than  even  philofophers  obferve  ; but  the  lefs  ge- 
neral properties  of  matter,  reckon’d  among  particular  qualities,  as  refpe&ive 
gravity  and  heat,  may  be  fo  diffufive  and  applicable  to  fo  many  different  pur- 
pofes,  that  ’tis  a queflion  whether  all  the  ufes  of  that  particular  degree  of  heat  in 
fire  will  be  difcover’d  while  the  world  endures.  I mull  not  here  omit,  that 
many  more  qualities  in  the  moll  known  bodies  wou’d,  probably  be  remark’d, 
did  we  not  want  fuch  a meafure  of  particular  curiofity,  for  of  the  general  I 
don’t  here  fpeak,  as  might  be  juflly  expedled  ; fuch  a curiofity,  I mean,  as  to 
the  things  wherewith  we  familiarly  converfe  as  we  could  fcarce  want  but  thro* 
lazinefs  or  prejudice  ; whence  we  prefume  to  take  for  granted  what  we  ought  to 
try  and  examine.  Thus,  that  falling  bodies  defcend  the  quicker  in  propor- 
tion to  their  weight,  has  been  believ’d  in  the  fchools  flnce  the  days  of  Arifio- 
tie , and  prevented  the  truth  from  being  taken  notice  of;  namely,  that  all  bo- 
dies, how  different  foever  in  bulk  and  weight,  defcend  with  equal  velocity ; 
till  inquifitive  men  lately  found  it  by  experiments. 

That  water  by  being  froze  contrails  into  a lefs  compafs,  isftill  the  opinion 
both  of  the  vulgar  and  generality  of  learned  men  ; yet  the  quite  contrary  is  evi- 
dent from  experience:  and  the  bubbles  that  are  ufually  found  in  ice,  with  its 
floating  upon  water, might  make  aconfldering  man  fufpedl  it.  The  air  we  breathe, 
has,  for  many  ages,  been  fuppofed  a body  endow’d  with  pofitive  levity ; but  if 

* Dr.  Beal  has  obferv’d,  that  a vehement  de-  I hefeems  to  think  it  might  be  applied  to  other  pur- 
gree  of cold  will  ferve.  to  diltil  fpirit  of  wine  z and  j pofes.  See  Philof  Tranf  N°  56.  p.  1140. 
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wen  had  the  curiofity  to  examine,  they  wou’d  find  it  heavy : even  that 
common  way  of  condenfing  it  in  a brown  bladder  confirms  this  after  ti- 
on  for,  allowing  the  included  air  not  tq,  be  in  its  natural  Hate,  but 
crowded  together-,  yet  if  the  particles  whereof  it  con  ft  ft  s be  aChially 
light,  they  ought  to  weigh  lighter  when  the  bladder  is  filled  with  them. 

However,  there  are  other  methods  of  making  the  experiment  clear  of 
this  objection. 

Large  founds  are  commonly  thought  to  move  fwifter  than  fmall  ones  : 

’tis  true,  indeed,  they  don’t  both  reach  to  the  fame  diftance  but,  ’tis 
known  from  late  obfervations,  that  they  go  with  equal  velocity.  That 
a load-ftone,  which  by  immediate  contact  takes  up  iron,  ftiou’d  have 
this  power  greatly  encreafed,  when  capped,  or  by  a piece  of  a fteel,  of 
a proper  fhape,  interpofing  between  the  body  and  it,  feems  ftrange  ; and 
what  the  ancients,  who  admired  its  attractive  virtue,  never  vouchfafed 
to  try  : but  he  muft  be  a novice  in  magnetics  who  can  doubt  hereof, 
ftnee  Gilbert  wrote.  Magnetics  is  fo  large  a field,  that  it  wou’d  be  te- 
dious to  enumerate  all  the  truths  I cou’d  therein  deliver  ; and  thefe,  too, 
are  fuch  as  few  wou’d  think  probable  enough  to  deferve  a trial.  Un- 
flaked lime  is  generally  believ’d,  both  by  the  vulgar  and  the  learned, 
to  grow  hot  by  Antiperiftafis , if  cold  water  be  poured  thereon  ^ and, 
con trari wife,  when  the  water  is  heated ; and  fome  have  even  ufed  it  as 
an  argument  in  the  proof  of  other  things  : but  a few  experiments  might 
eaftly  difabufe  them  *,  for  by  the  affufion  of  various  liquors,  aCtuaHy 
warm,  I have  made  lime  flake,  at  leaft  with  its  ufual  violence  -,  and, 
on  the  contrary,  I have  preferved  other  parcels  of  it,  for  a long  time, 
unflaked  in  liquors  actually  cold,  whereto  it  has  imparted  no  fenfible 
heat. 

The  quality  of  the  inftances  here  alledged  renders  it  needlefs  to  en- 
creafe  their  number,  ft  nee  a greater  inducement  can  hardly  be  deftred 
for  us  to  expeCb  the  difeovery  of  new  properties  in  the  works  of  nature, 
were  our  curiofity  but  duly  employ’d  in  making  experiments,  than, 
that  many  have  been  found  which  feem’d  fo  unlikely,  that  ’twas  thought 
in  vain  to  fearch  for  them.  It  might  here  be  added,  that  bodies  of  the 
fame  denomination,  whence  men  ufually  exped  only  the  fame  operations 
and  ufes,  may  yet  have  peculiar  ones,  and  fometimes  different  from 
each  other.  We  may  farther  conftder,  that  the  faculties  and  qualities  Neav 
of  things  being,  generally,  only  certain  relations  either  to  each  other,  or  of  bodies 
to  men  ; when  that  whereto  they  relate  is  better  underftood,  many  of  arifefrom  dif- 
them,  wherewith  we  are  already  tolerably  acquainted,  may  be  found  to  cowrini  iheir 
have  ufeful  properties  hitherto  unobferved.  By  the  qualities  of  thino-s  new  relatl(mu 
being  relative,  I mean,  they  have  fo  great  a dependance  on  the  ftruCture 
or  conftitutions  of  othef  bodies  difpoled  or  indifpofed  to  be  aCted  upon 
thereby,  that,  did  no  fuch  objeCts  exift,  thofe  qualities  in  the  bodies 
laid  to  be  endow’d  therewith,  cou’d  be  only  difpofttions  to  pruduce 
fuch  eftedts,  if  convenient  objects  were^not  wanting.  Thus,  for  example, 
the  faculty  of  a key,  as  to  its  opening  or  ihutting,  depends  upon  the 
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correfpondent  lock  •,  but  if  no  fuch  thing  as  that  exifted,  the  key  wou’d 
be  a bare  piece  of  iron,  of  a determinate  fize  and  fhape.  So,  many  a 
thing  that  feems  ufelefs  to  us,  whilft  confider’d  only  with  regard  to  it- 
felf,  may  hereafter  prove  highly  ferviceable,  when  other  bodies,  whereon 
kis  peculiarly  fitted  to  adt,  fhall  come  to  be  difcover’d.  Tho’  iron  was 
known  and  employ’d  from  the  earlieft  ages  *,  tho*  its  ufes  are  numerous  ; 
and  tho5  it  had  paffed  thro*  the  hands  of  chymifts,  phyficians,  minera- 
lifts,  &c.  and  been  employ’d  to  numberlefs  different  purpofes,  for  fome 
thoufands  of  years  *,  yet  it  conceal’d  its  nobleft  and  moft  ufeful  property, 
that  of  pointing  north  and  fouth,  when  touched  with  a load-ftone,  till 
within  thefe  three  or  four  ages. 

After  all  the  vain  attempts  of  chymifts  to  fix  the  fluid  body  of  quick- 
filver,  which-,  tho9  the  fharpeft  froft  fails  to  congeal  it,  the  vapor  of 
melted  lead  will  fometimes  render  confiftent,  tough*  and  hard.  Upon 
what  variety  of  bodies  has  vinegar  been  employ’d ; and  how  many  pur- 
pofes had  it  ferved,  efpecially  by  means  of  its  accidity,  before  it  was  put 
to  the  diffolving  of  crude  or  calined  lead  ; when  it  exhibited  a fweet- 
nefs  beyond  that  of  fugar  ? 

Spirit  of  urine  has  long  been  known  to  chymiffs,  and  feems  likely  to 
prove  an  excellent  menffruum  for  feveral  bodies  *,  but  after  having  been 
employ’d  to  diffolve  various  folids,  ’twas  improbable  it  fliou’d  coagulate 
with  fo  thin,  light,  and  volatile  a fluid  as  fpirit  of  wine  •,  yet  if  thefe 
two  liquors  be  fufficiently  pure,  they  afford,  when  mix’d,  a ftrange  and 
perfectly  white  concretion.  The  fpirituous  parts  of  urine,  likewife, 
without  being  feparated  from  the  others,  have  a ftill  more  extraordinary 
faculty  when  duly  applied  to  mufk.  Of  this  I was  inform’d  by  a fcholar, 
who,  living  in  China , had  often  feen  muflc  made.  ’Tis  there  the  prac- 
tice, he  told  me,  that  either  before  or  after  this  drug  is  put  into  the  cod, 
or  bags,  prepared  of  the  animal’s  fkin,  to  hang  it  in  a neceffary-  houfe, 
but  not  low  enough  to  touch  the  filth  •,  that  fo  it  may  receive  the  fetid 
exhalations  of  the  place,  for  fome  days,  whereby  its  lefs  active  fcent  is 
fetched  out  and  heighten’d.  The  fame  perfon,  having  carried  a parcel 
hereof  from  that  country  to  fome  remoter  parts  of  the  Indies , found  the 
voyage  had  greatly  decay’d  its  ftrength,  which  he  reftored  by  tying  it 
up  in  a bladder  wherein  many  fmall  holes  were  made  with  a needle, 
and  laying  it  in  fuch  a place  as  was  juft  mention’d.  An  eminent  phy- 
fician  of  Rc?ne , alfo,  tells  it  as  a fecret,  pradtifed  among  the  perfumers 
of  that  city,  to  recover  the  fcent  of  decay’d  mufk,  by  keeping  it  wrapp’d 
up  in  linnen  well  moiften’d  with  rank  urine.  Gypfum  is  put  to  feveral 
ufes  by  the  ftone-cutters,  thofe  who  mould  plaifter  or  wax,  and  other  ar- 
tificers •,  but  one  wou’d  not  fufpedt  it  fhou’d  alfo  be  applied  as  a re- 
medy to  canary  * yet,  that  large  quantities  of  it  are  mixed  therewith, 
is  not  only  a tradition  among  the  dealers  in  that  wine,  but  comes  to  me 
confirm’d  by  an  eminent  wine-merchant  who  lived  many  years  in  the 
Canaries  'K  and  a curious  eye-witnefs  affur’d  me,  that  about  Malaga , a 
large  quantity  of  it  is  tunn’d  up  with  the  juice  of  the  grapes.  Silver 
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is  a noble  metal,  and  has  been  very  long  known  and  employ’d  ; yet  one 
very  fine  ufe  thereof  was  difcover’d  only  fince  the  art  of  annealing  up- 
on glafs  came  to  be  pradlifed.  For,  prepared  filver,  or  even  the  crude 
metal,  being  here  burnt  on  a glafs  plate,  will  tinge  it  of  a fine  yellow 
or  golden  colour.  There  are  alfo  feveral  mineral  earths,  and  other 
courfe  fofiils,  of  ufe  in  this  art •,  which,  by  means  of  fire,  impart  tranf- 
parent  colours  to  glafs,  and  fometimes  very  different  from  thofe  of  the 
bodies  themfelves.  Hence  it  appears,  that  we  can  fcarce  ever  be  fure  we 
know  the  feveral  ufes  obtainable  from  the  bodies  we  converfe  with ; 
fince  upon  the  invention  of  a new  art  or  trade,  whereof  a vaft  variety 
will,  perhaps,  hereafter  be  difcover’d,  many  unfufpedted  applications  of 
things  may  chance  to  be  made.  Lixivia,  prepared  of  common  afhes,  have 
long  been  very  familiarly  ufed  to  wafh  linen  ; but  this  feems  very  re- 
mote from  the  property  they  have,  when  flrong,  to  turn  fyrup  of  vio- 
lets, or  the  bruifed  flowers  of  that  plant,  to  a perfedl  green,  in  an  in- 
ftant.  Red  is  an  obvious,  and,  generally,  a pleafing  colour ; but  fo 
offenfive  to  the  eyes  of  a turkey-cock,  that  it  caufes  great  figns  of 
offence  in  that  fowl.  Oak-leaves,  whereof  no  extraordinary  property 
is  ufually  obferved,  being,  when  frefh  gather’d,  immerfed  in  mineral 
chalybeate  waters,  will  turn  them  blue,  or  black,  according  to  the  pro- 
portion and  flrength  of  the  two  ingredients.  It  does  not  feem  probable 
that  charcoal  fhou’d  be  a proper  thing  wherewith  to  cleanfe  and  brighten 
particular  metals,  or  to  promote  a clearnefs,  and  give  a glofs  to  fome 
tranfparent  bodies  j but  mathematical- infirument  -makers,  gravers,  &c. 
find  it  excellent  to  polifh  their  brafs  and  copper  plates,  after  they  have 
been  rubbed  clean  with  powder’d  pumice-flone.  The  more  curious,  will, 
for  this  purpofe,  burn  it  a fecond  time,  and  quench  it  in  a convenient 
fluid.  Plates  of  horn  are  alfo  polifhable  the  fame  way  •,  and  to  thofe  of 
metal,  a glofs  may  be  afterwards  given  with  tripoly.  We  may  here  ob- 
ferve,  that  not  only  the  nature  of  the  body  to  be  work’d  on,  but  fome 
particular  circumflances  relating  to  it,  may  alfo  contribute  to  the  effects 
of  fuch  experiments  as  we  have  mention’d.  Thus  it  feems  improbable, 
that  water,  being  apt  to  run  out  wherever  it  finds  a vent,  fhou’d  of  it- 
felf  become  the  fitted:  infirument  for  clofing  leaky  wooden  veffels  ; which 
it  does  by  plumping  up  and  fwelling  the  adjacent  parts.  And  upon  the 
like  effect  depends  that  odd  experiment,  fo  much  talk’d  of  by  eminent 
Englijh  failors,  of  immediately  flopping  a fmall  leak  in  a fhip  by  thrulL 
ing  thereinto  a piece  of  fait  beef*,  for  the  fea  water,  being  frefher  than 
the  brine  that  is  imbibed,  penetrates  into  the  compadl  body  of  the  beef, 
opens  the  falts,  and  caufes  it  to  fwell  fo  as  to  bear  flrongly  againfl  the 
edges  of  the  broken  planks,  and  thereby  hinder  the  water  from  flowing  in. 

Let  us  next  confider,  that  a body  in  aflociation  may  have  new  ufes.  Bodies  in  ccn 
and  fome  of  them  quite  different  from  what  it  had  alone*,  I mean Jun&ion  may 
two  or  more  materials,  being  conjoin’d,  may  be  qualified  to  a<5t  onhatve  ner* 
a third,  upon  account  of  frefh  properties  thence  accruing  to  the u^s' 
compofition.  As  tin  is  flexible,  and  yields  but  a dead  found,  who 
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wouM  dream,  that  a confiderable  life  of  it  fhou’d  be  to  make  a lefs 
yielding  and  better  founding  metal  more  ftrong  and  fonorous  ? yet  bell- 
metal  is  principally  compofed  of  tin  and  copper.  In  the  preparation  of 
common  ink,  the  infufion  or  deco&ion  of  galls  is  either  yellowifh  or 
reddilh  ;•  and  the  folution  of  vitriol,  as  that  concrete  partakes  more  of 
iron  or  copper,  will  be  green  or  blue ; yet  ’tis  the  mixture  of  thefe  two 
that  gives  the  blacknefs.  That  oil  fhou’d  be  a principal  ingredient  in 
a tenacious  cement,  and  the  only  liquid  one  employ’d,  cou’d  not  Well  be 
fufpedled s yet,  not  to  mention  my  own  trials  as  to  this  particular,  an 
ingenious  man,  well  verfed  in  water- works,  affures  me,  the  beft  method 
he  knows  to  clofe  and  mend  the  pipes  of  fubterraneous  aqueducts,  is 
with  dry  tobacco-pipe  clay,  pulverized,  and  mix’d  with  a large  quantity  of 
fhort  flocks,  and  carefully  beat  up,  with  1 infeed  oil,  into  a ftiff  pafte. 
And  before  I learnt  this,  having  occaflon  to.  try  fome  experiments  re- 
lating to  cements,  an  ancient  artificer,  employ’d  to  keep  in  order  the 
conduits  that  brought  water  to  London , alfo  told  me,  in  exchange  for  a 
lute  I taught  him,  that  oil  was  a chief,  and  the  only  liquid  thing  in  the 
cement  he  ufed  about  that  important  work.  Lead  is  one  of  the  moft 
opake  and  flexible  bodies  in  nature  ; one  wou’d  not  therefore,  expedl  it 
lhou’d  make  three  parts  in  four  of  a tranfparent  and  exceeding  brittle 
mixture ; yet  this  is  eafily  obtain’d  by  chymiftry  in  the  Vitrum  Saturni , 
which  I myfelf  have  often  made  of  calcined  lead,  and  powder’d  flint,  or 
fand.  Who  wou’d  expedl,  that  the  fixed  fait  of  kali,  which  is  of  a 
ftrong  and  fiery  tafte,  eafily  foluble  in  water,  or  even  the  moifture  of 
the  air,  fhou’d  be  one  of  the  two  principal  ingredients  of  a fubftance 
perfedlly  inflpid,  and  undiflolvable  even  in  the  moft  corroflve  and  pe- 
netrating menftrua  ? yet  fuch  a fubftance  is  glafs.  I confefs,  I doubted 
whether  there  was  any  large  quantity  of  alkalizate  fait  in  glafs,  till  en- 
quiring of  an  ingenious  mailer  of  a glafs-houfe,  he  told  me,  they  ob- 
tain’d many  pounds  in  an  hundred  above  the  weight  of  the  fand  em- 
ploy’d to  make  it  ; and  that  the  alkali  did  not  only  feem  to  promote  the 
fuflon  of  the  fand,  but  largely  contribute  to  compofe  the  glafs.  And 
that  bodies  in  conjundlion  are  applicable  to  new  ufes,  and,  perhaps,  to 
fomo  quite  different  from  thofe  they  had  when  feparate,  may  be  ihewn 
by  many  examples.  Thus,  oil,  tallow,  and  the  like  undluous  materials* 
which  of  themfelves  fpot  and  defile  apparel ; will,  when  fkilfully  join’d 
with  others,  tho’  but  a lixiviate  fait  and  fair  water,  greatly  contribute 
to  make  foap,  whereby  fuch  blemifhes  are  eafily  removed.  Salt  of  tar- 
tar is  a fix’d  body,  and  has  a fixing  quality  s yet  when  skilfully  affo- 
ciated  with  the  moft  fixed  body,  gold,  diffolved  in  Aqua  regiay  the  gold 
precipitated  by  this  incombuftible  fait,  becomes  fo  exceeding  volatile, 
that  by  a lefs  degree  of  heat  than  would  kindle  any  known  body  in 
nature,  ’twill  give  a report  vaftly  more  violent  than  that  of  gun-pow- 
der. And,  what  is  no  lefs  ftrange,  the  inflammable  body  of  fulphur  be- 
ing mixed  herewith,  will,  tho’  fired,  hinder  this  very  inflammable  gold 
faun  lightings  and  thereby  turn  it  into  a medicine,  faid  to  be  diapho- 
retic s 
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retie ; which,  by  means  of  a crucible,  I have  long  continued  in  the  fire  ^ 
without  lofs.  That  the  proportion,  alfo,  of  ingredients  may  greatly 
vary  the  effedts  and  ufes  of  mixtures,  we  have  a remarkable  inftance  in proportfons  0y 
the  mineral  call’d  by  the  glafs-men  Manganese  *,  which,  tho’  of  itfelf  it  their  ingredi . 
be  courie  and  dark,  and  when  added  to  the  materials  of  glafs  in  tooen**>  «”<***>*!*' 
large  a proportion,  makes  that  black  fort  which  is  fold  in  the  fhops  •,  yet  °£e^ana^ 
a moderate  quantity  of  it  is  ufed  to  turn  glafs  red,  and  a fmaller  to 
render  it  clear  and  tranfparent.  Again,  a body,  by  different  prepara- 
tion or  management,  may  be  fitted  for  new,  and  perhaps,  unfufpe&ed 
purpofes  : for  the  qualities  of  materials  generally  depending  upon  the 
texture  of  the  fmall  parts  whereof  they  confift,  the  ways  of  ordering 
them,  whether  by  an  addition,  detradtion,  or  tranfportation  of  their  com- 
ponent corpufcles,  fo  as  to  produce  any  remarkable  change  in  their  tex- 
ture, bid  fair  to  introduce  new  properties  and  ufes.  Thus,  mere  trades- 
men, by  varying  the  vifible  fhape  of  certain  portions  of  iron,  and  con- 
necting fome  of  them  after  a particular  manner,  have  converted  it  to  va- 
rious purpofes  ; as  we  fee  in  the  fhops  of  iron -mongers,  clock-makers,  &c. 

And  to  give  a more  phyfical  inftance,  in  the  fame  metal,  what  an  im- 
mediate alteration  is  made  in  the  invifible  texture  thereof  by  fire  ? The 
fame  bar  of  iron,  by  means  of  that  and  water,  is  hardened,  and 
brought  to  a condition  fit  for  drills,,  fprings,  &V.  to  make  which,  diffe- 
rent degrees  of  temper  are  required  in  the  metal.  But  to  leave  fuch 
cafes  where  no  new  ingredient  is  either  added  to,  or  taken  from  the 
body  to  be  alter’d,  and  come  to  thofe  wherein  the  addition  feems  to 
have  but  an  inconfiderable  fhare  in  the  change.  Paper,  befides  its  com- 
mon ufes,  may  be  made  into  frames  for  pictures,  fine  embofs’d  work,, 
and  curious  moveables  by  Sleeping  a convenient  quantity  of  the  belt 
white  fort,  for  two  or  three  days,  in  water,  till  it  becomes  very  foft; 
then  reducing  it,  by  the  mortar,  and  hot  water,  into  a thin  pulp,  to  be 
laid  on  a fieve  to  drain  off  its  Superfluous  moifture  i and  afterwards 
putting  it  into  warm  water,  wherein  a confiderable  quantity  of  fifh- 
glue,  or  common  fize,  has  been  diffolv’d  ; for  being  now  with  a fponge 
prefled  into  moulds  to  acquire  the  figure  defign’d,  it  may,  when  taken 
out,  be  flrengthen’d,  as  occafion  requires,  with  plaifter,  or  moiften’d 
chalk,  and  when  leifurely  dried,  painted,  or  overlaid.  Another  uncom- 
mon ufe  of  paper,  is  to  flop  up  cracks  or  fiflures  in  wooden  inftruments 
and  vefiels  to  hold  water  ; for  in  this  cafe  it  will  forcibly  dilate  and  fill 
the  place  wherein  ’tis  lodged.  The  fugar-cane  was  known  in  many 
countries  and  ages,  as  to  the  fweetnefs  of  its  juice,  wherein  fugar  never 
feems  to  have  been  made  therewith,  for  want  of  knowing  how  to  coa- 
gulate it  into  fo  durable  a fubftance.  Tobacco,  alfo,  was  a noted  plant 
in  the  Weft- Indies,  but  fuffer’d  yearly  to  perifh,  like  other  herbs,,  till  mo- 
dern induftry  found  the  way  to  cure  it,  and  at  length  improve  it,  merely 
by  force  of  Skill,  to  a condition  fit  for  fale  and  tranfportation  over  all 
the  globe.  The  leaves  of  indigo,  likewife,  which  wou’d  otherwife 
perifh  like  thofe  of  common  fhrubs,  have  by  the  foie  way  of  managing 
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them,  which  too  confids  in  dedudfion  rather  than  addition,  long 
been  made  to  afford  a lading  pigment ; which  is  one  of  the  mod  daple 
commodities  of  the  Eaft-Indies,  I might  add  the  great  ufes  we  make  of 
madder,  woad,  and  many  other  perifhable  plants,  by  the  methods  where- 
in they  are  order’d  ; but  thefe  are  not  comparable  to  the  advantages 
formerly  mention’d  of  the  plant  Mandiocha , which,  tho’  adlpally  poifon-^ 
ous,  yields,  by  an  eafy  management  of  the  favage  Americans , both  excel- 
lent bread  and  drink.  The  direds  and  parings  of  leather,  parchment, 
or  vellom,  only  by  being  long  boil’d  in  fair  water,  and  drain’d,  make 
fize  *,  which  is  very  ufeful  in  feveral  trades  : and,  to  indance  in  an  eafy 
experiment,  fine  red  dands,  and  hanging  fhelves,  are  coloured  with 
ground  vermillion,  temper’d  herewith  •,  being,  when  dry,  laid  over  with 
common  varnifh.  It  feems  fcarce  credible,  that  ivory  fhou’d,  without 
any  addition,  afford  the  mod  perfedt  black  yet  known  ; which  is  obtain- 
able by  burning  it  a while  in  a clofe  vedel  or  committing  it  in  feveral 
folds  of  wet  paper,  to  hot  coals  and  aides.  By  the  way,  this  ivory-black 
is  fo  excellent  in  its  kind,  that  fcarce  any  thing  ferves  fo  well  for  foils 
to  the  nobled  gems  and  diamonds  : and  a jeweller,  whom  I employ’d,  con- 
fefs’d,  he  thus  ufed  it  when  his  work  was  defign’d  to  be  extraordinary. 
That  the  drait-gut  of  an  ox  fhou’d,  by  the  management  of  illiterate 
tradefmen,  become  tranfparent,  and,  tho’  reduc’d  to  a thinnefs  exceed- 
ing that  of  paper,  continue  incredibly  firm  and  tough,  feems  drange ; 
but  ’tis  a practice  with  gold-beaters  to  include  thin  plates  of  gold  be- 
tween thefe  fine  membranes,  and  thereon  to  bedow  many  drong 
blows  with  a vad,  heavy  hammer,  made  on  purpofe,  fo  as  to  attenuate 
and  dilate  the  metal,  whild  the  fkins  continue  firm  and  unbroken  •,  as 
I have  with  wonder  obferv’d.  The  indances  here  produced  are,  gene- 
rally, fuch  as  nature  alone,  or  affided  by  illiterate  perfons,  affords  us. 
It  cannot,  therefore,  be  quedion’d,  that  more  fkilful  management  may 
produce  great  changes  in  bodies,  and  fit  them  for  new  ufes  ; efpecially, 
if  chymidry,  mechanics,  and  mathematics,  fhou’d  contribute  their  adif- 
tance.  That  mathematical  fkill  may  teach  men  to  order  natural  things 
fo  as  to  obtain  other  ufes  from  them  than  are  commonly  thought  of, 
may  appear  from  feveral  particulars.  By  barely  giving  to  a piece  of 
glafs  a prifmatic  figure,  that  body  will  beautifully  reprefent  all  the  co- 
lours of  the  rain-bow  in  an  indant.  A concave  foliated  glafs,  or  me- 
talline fpeculum,  will  burn  vehemently  by  reflexion ; and  a convex  glafs, 
or  even  water  in  the  fame  figure,  will  do  the  like  by  refradtion.  A con- 
cave fpherical  vial,  indeed,  will  not  of  itfelf  do  this,  tho’  it  tranfmit 
the  rays ; but  it  will  when  filled  with  water.  And,  perhaps,  ice  itfelf, 
that  is  free  from  bubbles,  and  reduced  to  a fpherical  figure,  will  ferve 
for  the  fame  purpofe.  But  this  effedt  would  be  far  greater,  if  two  con- 
cave glades  of  like  diape,  equal  fize,  and  truly  ground,  were  by  a frame 
join’d  clofe  at  their  edges,  fo  that  the  cavity  between  the  infide  of  the 
glades  of  the  frame  may  be  filled  with  water ; for,  thus  the  whole  will 
ferve  as  a double  convex  glafs  \ fome  whereof  I have  feen,  which  by 
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this  contrivance  may  be  made  much  larger  than  the  common  fort,  that 
confift  of  a Angle  peice  of  glafs.  Glafs-ftopples  are  made  by  giving  them 
an  almoft  conical  figure,  and  a furface,  fitted  by  grinding  to  touch  clofe- 
ly  with  the  infide  of  the  neck  of  the  bottle  *,  yet  this  fimple  mechanical 
contrivance  is  fo  excellent,  that  neither  Aqua  fort  is,  or  the  moft  fubtile 
fpirits-,  can  pofiibly  efcape  where  ’tis  ufed.  And  by  this  means  I re- 
member fpirit  of  fal-armoniac  preferv*d  exceeding  frefh  and  ftrong,  for 
feven  years. 

Chymifts,  we  fee,  can  from  fome  wild  fruits,  or  the  lees  of  liquors, 
draw  an  inflammable  fpirit,  which  may  ferve,  in  many  cafes,  for  that 
of  wine  *,  from  the  dryeft  folid  woods,  or  bones  of  animals,  force  large 
quantities  of  fpirit,  oil,  and  phlegm  •,  and  from  the  opake  body  of  lead, 
mix’d  with  fand,  and  a few  grains,  perhaps,  of  metalline  pigment, 
fome  of  them  can,  in  two  or  three  hours,  make  various  artificial  ftones 
that  fhall  pleafingly  imitate  rubies,  emeralds,  &V.  What  improbable  effects 
are  fometimes  producible  by  a flight  chymical  preparation,  appears  from 
the  Bolonian  ftone  ; which,  tho’  its  appearance  promife  nothing  of  the 
kind,  acquires  by  calcination  a ftrange  property  of  fhining  in  the  dark, 
foon  after  having  been  expofed  to  the  fun.  And,  truly,  very  trivial  cir- 
cumftances  in  the  management  of  a body,  will,  fometimes,  produce  confi- 
derable  and  unlikely  effedts.  ’Tis  commonly  obfetVd,  that  fait  diflolved 
in  water  ftrongly  prevents  the  coagulation  thereof*,  yet  the  fame  fait  ex- 
ternally applied  to  water,  greatly  contributes,  with  fnow  or  ice,  to  make 
it  freeze  artificially-,  and  is  fo  necefiary  hereto,  that  they,  without  the 
afliftance  hereof,  will  not  ufually  in  our  climate  readily  produce  any 
ice ; as  I have  purpofely  tried.  There  is  a certain  powder,  which  by 
the  proportion  and  mixture  of  nitre,  its  chief  ingredient,  with  the  reft, 
obtains  fo  odd  a texture,  that  if  expofed  in  a crucible  to  the  fire,  as 
ufual,  ’twou’d  blow  up  with  great  violence  *,  yet  if  inftead  of  kindling 
it  from  the  bottom  upwards,  that  be  done  from  the  top  downwards,  no 
danger  cnfues  *,  but  it  makes  a powerful  flux  for  the  redudtion  of  me- 
talline powders,  wherewith  ’tis  mix’d,  into  a body.  But,  laftly,  the  ge- 
nerality of  effedts  being  not  producible  by  one  unaflifted  produdtion 
either  of  nature  or  art,  but  by  the  concurrence  of  feveral  *,  whoever  is 
ignorant  of  the  nature  or  properties  of  all  the  other  bodies  wherewith 
die  fubjedt  of  an  experiment  either  is  or  may  be  ufefully  join’d  or  em- 
ploy’d, cannot  difeern  all  the  ertedfs  of  that  experiment.  And  a body 
that  feems  ufelefs  to  the  main  and  ultimate  end,  may  greatly  contri- 
bute in  fome  intermediate  or  fubordinate  part  of  the  operation.  Thus, 
tho’  fpirit  of  wine  will  fcarce  ever  extradl  a red  tindhire  from  the  flow- 
ers of  fulphur  •,  yet  thefe  being  open’d  and  flux’d  together,  with  an  equal 
weight  of  fait  of  tartar,  I have  found  them,  in  a few  minutes,  yield, 
with  a gentle  heat,  a blood- red  folution  or  tindhire  in  that  fpirit  well 
redlified  ; which  being  afterwards  freed  from  the  fuperfluous  menftruum, 
affords  a much  finer  balfam  than  that  prepared  with  oil  of  turpentine. 
’Tis  ufually  thought  impoftible  to  gild  iron  with  water-gold,  that  is  by 
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means  of  quick- filver  ; yet  I know  a very  ingenious  tradefrnan  who 
cou’d  perform  it  by  the  mediation  of  another  body,  before  the  applica- 
tion of  the  amalgam.  His  way  was,  ftrft  to  lay  the  iron,  to  be  gilt,  over 
'with  copper,  by  help  of  fome  diftiil’d  liquors  temper’d  with  other  ingre- 
dients, wherein  the  metal  being  very  carefully  immerfed,  the  experiment 
fucceeded  ; otherwife  the  iron  wou’d  be  fpoil’d.  But  to  prevent  this  in- 
convenience, he  cafed  it,  when  bright,  with  copper,  by  frequently  immer- 
fing  it  in  a ftrong  folution  of  good  vitriol,  that  contain’d  copper,  in  warm 
water  ; buffering  it  each  time  to  dry  of  itfeif,  till  copper  enough  remain’d 
thereon.  And  by  this  certain,  cheap,  and  eafy  way,  iron  may  be  gilt, 
as  copper,  with  the  amalgam  of  gold,  and  mercury.  It  muff  here  be 
obferved,  that,  tho’  the  feveral  parts  of  an  experiment  may,  in  raoft  cafes, 
be  purely  phyfical  or  chymical,  for  inftance  •,  yet  it  might  frequently  be 
more  advantageoufly  contrived,  that  while  one-  part  is  phyfical,  the 
others  fhould  be  perform’d  by  particular  arts,  as  ftatics,  mechanics, 
hydroftatics,  &c.  fo  that  by  a concurrence  of  different  parts  of  know- 
ledge to  the  fame  operation,  many  things  will,  queftionlefs,  be  perform’d 
which  have  not  hitherto  been  attempted  or  dreamt  of.  For  whoever  is 
fkill’d  only  in  one  of  thefe  parts  of  learning,  muff  needs  be  crampt  in 
his  attempts,  and  confin’d  to  operate  by  fuch  means  and  inftruments  as 
lie  within  his  reach  ; which  muff,  therefore,  often  prove  de-fedtive.  Thus 
not  only  handicraft-trades  do  many  of  them  mutually  affift  each  other, 
but  the  nobler  arts  fometimes  ftand  in  need  of  the  meaner,  as  well  as 
of  one  another.  The  mafters  of  catoptrics,  ’tis  true,  are  well  acquaint- 
ed with  the  properties  of  various  kinds  of  fpecula  ; but  in  order  to 
procure  them  in  perfedtion,  they  muff  have  recourfe  to  the  chymift  or 
the  founder  ; and  for  the  polifh,  to  the  ffnith,  ftone-cutter,  & fc.  To 
make  a pair  of  organs  requires  fkill  in  the  theory  of  mufic,  a know- 
ledge in  wood  as  to  its  conditions,  and  the  ways  of  feafoning  it,  in  tur- 
nery, joinery,  and  the  effedts  and  mixture  of  metals,  with  the  method  of 
cafling  them  to  form  fonorous  pipes  of  the  due  figure,  and  with  the 
proper  qualifications.  Bells,  and  other  mufical  inftruments,  might  afford 
us  many  more  examples,  to  this  purpofe ; but  I proceed  to  thofe  of  ano- 
ther kind.  Tho’  the  nature  of  nitre  and  brimftone  be  ever  fo  atten- 
tively confider’d  apart,  that  will  never  enable  any  one  to  make  the  more 
confiderable  ufes  of  either,  till  they  are  fkilfully  join’d  together,  with 
charcoal,  in  gun-powder ; which,  confifting  of  thefe  three  different  in- 
gredients, neither  being  of  itfelf  lufficient  to  produce  theeffedt  of  the 
compofition,  but  all  jointly  contributing  thereto,  affords  a remar- 
kable inftance  of  what  I wou’d  fhew.  Another  confiderable  ufe  of  ful- 
phur  will  remain  unknown  to  him  who  is  unacquainted  with  fome  pro- 
perties of  common  oil  and  calcin’d  alabafter.  For  by  means  hereof 
moulds  may  be  made  wherein  to  caft  off  the  impreftion  of  embo fled- work 
on  metals  ; which,  tho’  it  appear  ftrange,  iseafily  pradtifed.  The  method 
is  this.  About  the  work,  whofe  impreflion  is  defir’d,  having  made  a 
ledge  of  clay*  and  carefully  oil’d  the  whole  ; brimftone  melted  in  a clofe- 
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cover’d  veffel,  to  prevent  its  firing,  is,  whilft  hot,  poured  gently  upon  the 
emboffed  nietal,  in  a large  quantity,  that  fo  the  mould  may  be  the  ftronger : 
about  the  edge  of  this  mould  make  a border  of  clay,  as  before,  and 
lightly  oil  the  internal  furface  of  both  •,  then  pour  gradually  into  it,  to 
the  thicknefs  of  about  the  quarter  of  an  inch,  a mixture  made  up,  with 
calcin’d  alabafter  and  water,  to  the  confidence  of  ftirf  honey  ; which  foon 
growing  hard,  may  be  taken  out  of  the  mould.  And  thus  I have,  fome- 
times  in  a few  minutes,  eafily  obtain’d  the  image  of  a coin,  medal,  or 
landfcape.  And,  as  I lately  hinted,  particular  bodies  may  often  conduce 
to  the  principal  effect  of  an  operation,  by  performing  fome  fubordinate 
or  intermediate  offices  remote  from  the  ultimate  effect.  Thus  Aquafor- 
tis, tho’  it  eagerly  corrodes  both  filver  and  brafs;  contrary  to  all  pro- 
bability, greatly  contributes  to  the  filvering  of  brafs,  in  the  following 
manner,  which  is  more  applauded  than  known.  Firft,  this  menftruum 
excellently  ferves  to  cleanfe  emboffed  work,  or  pieces  of  metal  whofe  un- 
equal furfaces  prevent  the  application  of  tripoly,  or  the  comon  pow- 
ders for  cleaning  of  brafs  ; for  fuch  bodies  being  lightly  walk’d  over 
therewith,  and  immediately  thrown  into  fair  water,  the  foulnefs  will 
be  thus  fretted  off,  and  the  work  not  disfigured  : and  on  the  fcouring 
of  the  metal  the  fuccefs  of  the  experiment  greatly  depends.  Secondly, 
fine  filver  mull  be  diffolv’d,  by  the  lame  menftruum,  in  a broad  bottom’d 
veffel  of  glafs  or  glaz’d  earth  ; and  the  Aquafortis  being  afterwards  evapo- 
rated, water  is  to  be  poured  upon  the  remaining  calx,  in  a fufficient 
quantity,  to  diftolve  it.  This  water,  alfo,  muft  be  evaporated,  and  the 
like  operation  repeated  as  often  as  there’s  occafion  ; the  fire  being  en- 
creafed  towards  the  latter  end,  fo  as  to  leave  a perfectly  dry  and  white 
calx,  which  will  thus  be  tolerably  freed  from  the  fetid  fretting  fpirits  of 
the  Aqua  fortis.  Of  this  calx  take  one  part,  and  an  equal  meafure,  not 
weight,  of  common  fait,  and  of  the  cryftals  of  tartar,  and  mix  them 
together  into  a fine  powder  *,  then  having  firft  plunged  the  fcoured  brafs 
into  fair  water,  rub  fome  of  the  power  upon  it  with  your  wet  fingers, 
till  the  cavities  of  its  furface  be  fufficiently  filled  therewith.  Laftly, 
wafh  the  metal  well  in  fair  water,  and  give  it  a glofs  by  rubbing  it  hard 
with  a dry  cloth.  This  walking,  tho’  it  be  expeditious,  cheap,  and  re- 
quires no  quickfilver,  may  be  made  to  laft  fome  years,  or  is  eafily  re- 
newable when  it  begins  to  wear. 

To  proceed*,  we  ought  not  to  conclude,  that  a particular  ufe  is  un- 
obtainable from  things,  becaufe  the  like  is  had  from  others  fuppofed  of 
a quite  different  nature  *,  for  among  various  inftruments  employ’d  to  the 
fame  purpofe,  fome  may  exceedingly  differ  as  to  other  qualities,  yet 
agree  in  that  which  is  requifite  to  perform  the  office  required.  Thus, 
tho’  rofm,  and  fal-armoniac,  for  inftance,  differ  in  colour,  feent,  tafte, 
weight,  and  degree  of  hardnefs  ; tho’  the  one  be  a vegetable  production, 
the  other  a compofition  of  feveral  falts  ; this  eafily  diffolvable  in 
water,  that  not  fo  but  in  oil  ; with  numberlefs  other  difagreements  be- 
tween them  j yet  either  of  them  fingly  is  applicable  to  the  tinning  of 
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brafs  or  copper  velTels.  So,  likewife,  there  appears  no  affinity  between 
water,  fand,  and  tin  •,  yet  they  equally  ferve  for  hour  glaffes  ; tho’  the 
ancients,  ’tis  faid,  employ’d  only  the  former  for  that  purpofe. 

’Tis  no  lefs  certain,  that  we  fhou’d  not  imagine,  becaufe  a certain 
body  is  ufeful  on  fome  occafions,  it  cannot  therefore  be  converted  to 
other  purpofes,  that  feem  of  a different  or  oppofite  nature.  For  this  I 
fuppofe  poflible,  firfl,  from  the  different  conflitution  of  the  body  work’d 
upon  by  the  fame  agent : thus  the  heat  of  the  Sun  at  once  melts  wax,  and 
hardens  clay  ; fpirit  of  vinegar,  that,  digefled  on  filings  of  copper,  ac- 
quires an  abominable  tafle,  gains  a great  degree  of  fweetnefs  from 
flanding  upon  thofe  of  lead ; and,  laflly,  fpirit  of  fait,  that  diffolves 
iron  and  copper,  like  Aqua  fortis , precipitates  filver  diffolved  by  that 
menftruum.  Secondly,  a parcel  of  matter,  ufually  confider’d  as  the  fame 
body,  may  contain  parts  of  very  different  natures  •,  whence  its  opera- 
tions will  be  diverfified.  Thus,  when  fome  unripe  minerals  are  calcin’d 
with  nitre,  its  inflammable  parts  burn  up  and  diflipate  in  fmoke  what 
is  volatile  and  combuflible  of  the  minerals  ; but  by  virtue  of  the  remain- 
ing alkali  of  the  nitre,  feveral  other  parts  of  the  mineral  are  thereby 
render’d  far  more  fix’d,  and  capable  of  enduring  the  fire,  than  they 
were  originally.  So  fulphur  contains  fome  parts  that  make  it  more  in- 
flammable than  either  nitre  or  oil,  yet  abounds  with  acid  and  vitriolic 
particles,  that  flrongly  refill  the  flame  in  feveral  other  bodies ; and 
the  fire  thereof,  befides  its  common  effeCt  feen  in  matches,  adls,  from  its 
acidity,  in  a different  capacity  upon  fome  metals,  efpecially  iron,  and 
alfo  upon  red-rofe  leaves,  which  are  turn’d  white  by  its  fumes.  ’Twere 
eafy,  if  neceffary,  to  alledge  many  other  inflances  of  the  different  a&i- 
ons  of  different  parts  of  bodies,  and  alfo  to  produce  other  cafes  where- 
in things  are  convertible  to  uncommon  ufes  j but  thofe  already  offer’d  may 
fuffice.  I have  not  here  meddled  with  the  medicinal  ufes  of  things,  tho* 
thefe  wou’d  furnifh  me  with  numerous  inflances  to  my  prefent  purpofe ; 
fince  abundance  of  bodies,  both  natural  and  artificial,  ufed  as  reme- 
dies, have  various  and  apparently  contrary  effedts.  The  different  pro- 
perties of  rhubarb  both  to  purge  and  bind,  and  of  fpirit  of  wine  to 
heat  or  cool,  as  internally  or  externally  ufed,  were  formerly  mention’d. 
Mercury,  taken  crude,  has  fometimes  proved  innocent  or  effectual  in  cafe 
of  worms ; but  when  raifed  into  fumes  and  receiv’d  into  the  body,  too 
often  occafions  dangerous  commotions.  But  the  various  and  different 
operations  of  antimony,  according  to  the  temper  and  difpofition  of  the 
patient,  and  preparation  of  the  mineral,  may,  alone,  fuffice  to  fhew,  that 
the  medicinal  ufes  of  things  might  greatly  have  fwelled  the  number  of 
my  inflances,  had  I thought  fit  to  have  dwelt  thereon.  And  tho’  what 
I have  all  along  infilled  upon,  almofl  wholly  relates  to  the  negledled  ufes 
of  particular  natural  bodies,  it  mull  not  be  imagined  there  are  no  ad- 
vantages to  be  had  from  other  natural  things  which  have  hitherto  been 
unknown  or  overlook’d.  By  natural  things,  I mean,  the  different  flates 
oi  matter,  as  to  rarity  and  denfity,  fluidity  and  firmnefs,  putrefaction 
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and  fermentation,  with  the  more  a&ive  qualities  of  heat,  cold,  gravity 
&c.  the  laws  of  local  motion  among  the  parts  of  matter,  and  the  pre- 
fent  fabric  of  the  univerfe,  efpecially  that  of  the  terreftrial  globe  and  its 
effluvia. 


SECT.  VII. 

MANY  obfervations  and  experiments,  tho’  communicated  for  true  why  attempt 
by  ingenious  authors,  or  unfufpedled  eye-witneffes,  or,  perhaps,  re-  to  repeat  ex 
commended  by  our  own  experience,  may,  upon  farther  trial,  fail  our  zx-Per'meiltsfatl 
pedlations  : and  this  unhappinefs  will  fometimes  befal  even  thofe  who  °ffuccefs 
are  exquifitely  (killed  in  the  manner  of  making  trials  of  different  kinds  *, 
and  that  upon  account  of  the  materials  employ’d,  or  fome  miftake  in  their 
management,  not  eafily  to  be  difeern’d.  Thefe  materials  may  be  dif- 
tinguifh’d  into  natural  and  factitious,  genuine  and  adulterate,  fimple  and 
compound,  &c..  but  we  forbear  to  infill  on  fuch  divifions,  and  content 
ourfelves  to  throw  what  we  have  to  fay  on  this  fubjeCt  into  a few  com- 
prehenfive  obfervations. 

And,  firft,  feveral  experiments  fail  of  fuccefs  becaufe  they  are  at  one  Firft,  becauf* 
time  tried  with  genuine  materials,  and  at  another  with  fophifticated  ones, the  materials 
of  different  qualities*,  for,  fophifticated  bodies,  may,  by  foreign  mixture, 
or  a deceitful  way  of  preparation,  produce  fuch  effects,  as  had  they  been  1 * 
genuine  they  wou’d  not  have  done.  It’s  fcarce  imaginable  to  one  not 
very  well  vers’d  in  drugs  and  fimples,  how  generally  they  are  adulte- 
rated by  the  fraudulent  avarice  of  the  feller  *,  efpecially  when  the  fo- 
phiftication  is  very  gainful.  It  has  lately  been  much  complain’d  of  by 
lome  cultivators  of  clover-grafs,  that  from  a great  quantity  of  the  feed, 
no  grafs  has  been  produced,  tho*  neither  the  foil  nor  the  lower  were  in 
fault.  This,  fome  analogical  obfervations  lead  me  to  fufpedl,  arifes 
from  the  want  of  heart  in  that  fuperannuated  feed  fometimes  fold  in 
the  fhops.  And  one  of  the  moft  eminent  and  fober  chymifts  of  Amfter- 
dam , who  was  alfo  an  Indian  merchant,  affured  me,  that  moft  of  the  cin- 
namon, and  cloves,  brought  into  Europe , is  firft,  in  the  Indies , defrauded 
of  its  aromatic  parts.  And  to  give  a more  appofite  inftance  to  our  pur- 
pofe  ; how  confpicuous  foever  little  animals,  like  eels,  are  in  fome  vi- 
negar, yet  there  are  many  parcels  of  that  fluid  wherein  ’tis  in  vain  to 
feek  for  them. 

Sublimate  is  commonly  fophifticated  with  arfenic  ; and  what  different 
effects  fuch  fublimate  may  have,  from  that  which  is  faithfully  prepared, 
not  only  upon  metals,  but  upon  human  bodies,  when  made  into  Mercu - 
tins  dulcify  thofe  who  are  acquainted  with  the  noxious  qualities  of  arfenic 
will  readily  imagine.  And,  indeed,  as  for  chymical  preparations,  there 
are  fcarce  any  vulgarly  fold  in  (hops  to  be  rely’d  on.  For  my  part,  I 
have  fo  often  met  with  chymical  preparations  infincere,  that  I dare 
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fcarce  truft  any,  either  in  the  adminiftration  of  phyfic,  or  fo  much  as  in 
any  confiderable  experiment  except  what  my  own  furnaces  afford,  or 
thofe  of  perfons  of  known  fkill  and  integrity.  Having  occafion  to  ufe 
fome  fpirit  of  fait,  whereof  I was  unprovided,  I fent  for  it  to  a chymift, 
who  himfelf  prepared  it  ; and  tho’  I gave  him  his  own  price  for  it,  yet 
at  the  firft  rectification,  even  in  a retort,  a fingle  pound  of  it  afforded 
fix  ounces  of  phlegm  ; and  being  farther  rectified,  in  a high  body,  and 
a gentle  heat,  the  remaining  fpirit  let  go  a fcarce  credible  quantity  of  the 
like  naufeous  liquor  •,  and  after  all  this  feparation  of  phlegm,  it  was  not 
pure  enough  for  what  we  intended.  Complaining  of  this  to  an  excel- 
lent chymift  of  my  accquaintance,  he  fent  for  fome  of  the  fame  kind  of 
fpirit  to  a very  eminent  diftiller  of  it,  who  paffes  for  a very  honeft 
man  ; but  this,  befides  its  weaknefs,  was  fophifticated  either  with  fpirit 
of  nitre,  or  Aqua  fort  is  *,  which  betray’d  itfelf  by  its -peculiar  odious  fmell  ; 
whilft  fpirit  of  fait,  genuinely  prepared,  is  commonly  of  a greenifh  co- 
lour, and  has  often  a grateful  fcent.  ’Tis  not  enough,  in  many  cafes,  to 
feparate  the  aqueous  parts  by  dephlegmation,  as  many  chymifts  content 
themfelves  to  do  *,  but  fome  liquors  contain  alfo  an  unfufpeCted  quantity 
of  fmall  corpufcles  of  an  earthy  nature,  which,  affociated  with  the  faline 
ones,  clog  or  blunt  them,  and  thereby  weaken  their  aClivity.  Such  li- 
quors, therefore,  to  be  well  depurated,  muft  be  diftill’d  off  with  a flow 
fire,  that  the  dry  feces  may  be  left  behind  in  the  bottom  of  the  glafs. 
We  have  fometimes  taken  of  the  better  fort  of  fpirit  of  fait,  and  having 
carefully  dephlegm’d  it,  remov’d  it  into  glaffes  lefs  tall,  and  gently  ab- 
ftradting  the  whole  fpirit,  there  remain’d  in  the  bottom  and  neck  of  the 
retort,  whence  ’twas  diflill’d,  a furprizingly  great  quantity  of  a certain 
dry  floptical  fubflance,  for  the  mofl  part  of  a yellowifh  colour.  And  the 
fpirit  of  fait,  after  this  fecond  depuration,  was  fo  chang’d,  that  it  feem’d 
to  be  a much  nobler  liquor  than  before.  But  what  different  effeCls 
wou’d  be  produc’d  by  two  fuch  different  liquors  as  true  fpirit  of  fait, 
and  that  which  is  mix’d  with  the  fpirit  of  nitre  •,  the  former  whereof 
will  precipitate  filver,  when  the  latter  has  diffolv’d  it  ? 

In  their  fpecies  Secondly,  even  when  the  materials,  employ’d  about  experiments, 

are  genuine,  there  may  be  a confiderable  difference  betwixt  fubflances 
of  the  fame  kind  and  name,  and  which  pafs,  without  fufpicion,  for  bodies 
of  perfectly  the  fame  nature.  For,  tho’  antimony,  quick-filver,  gold, 
copper,  &V.  are  feverally,  without  fcruple,  fuppos’d  of  the  fame  nature, 
and  perfectly  fimilar  to  themfelves  5 yet  there  is  a manifeft  difference  in 
them,  as  well  as  in  vegetables  or  animals  of  the  fame  fpecies.  Thus, 
as  the  white-rofe,  the  red,  and  the  damafk,  differ  greatly  from  one 
another,  tho’  all  three  are  rofes  ; and  as  the  four  and  fweet  orange  are 
very  different  betwixt  themfelves  and  both  of  them  from  the  China - 
orange,  tho’  all  are  oranges  ; and  as  the  hound,  the  grey-hound,  the 
fpaniel,  the  tumbler,  the  maftiff,  &c.  are  very  differently  qualified,  tho* 
all  of  them  are  dogs  ; fo  the  different  parcels  of  antimony  to  be  met 
with  in  mines,  have  different  qualities,  tho’  all  of  them  are  antimonial 

concreteSa 
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concretes.  There  is,  indeed,  this  difference  betwixt  the  variety  to  be 
obferv’d  in  vegetables  and  animals,  and  that  in  minerals,  that  the  former 
is  more  obvious  to  the  eye,  and  betrays  itfelf  by  fomething  remarkable 
either  in  the  fize  of  the  creatures  of  the  fame  kind,  or  in  fomo 
peculiar  fhape  or  colour ; whereas,  minerals  appearing  to  the  eye  either 
perfectly  fimilar,  as  metals,  or  at  lead  to  confift  of  but  two  or  three 
diftindt  ingredients,  as  cinnabar,  and  fome  other  mineral  concretions; 
the  diverfity  to  be  found  betwixt  minerals  of  the  lame  denomination,  is 
hardly  difcernible  till  experience  difcovers  it.  The  womb  of  a mineral 
rs  not  always,  like  that  of  an  animal,  a place  fecured  from  the  intrufion 
of  all  bodies  not  of  kin  to  that  included  in  it;  but  a mineral,  being 
generated  in  the  bowels  of  the  earth,  lies  open  and  expofed  to  other  mi- 
neral juices  or  fleams  of  what  different  nature  foever ; fo  that  I have 
obferv’d  marcafites  and  metals,  marcafites  and  Hones,  fait  and  fulphur, 
&V.  blended  in  the  fame  lump  of  matter.  And  I have  fometimes  found, 
in  a great  mafs  of  one  fort  of  mineral,  fmall  parcels  of  another  of  a 
quite  different  kind,  perfectly  enclos’d  in  the  fubftance  of  the  former. 
And  thefe  intruding  bodies  being  coagulated,  and,  perhaps,  ripen’d  to- 
gether with  the  former  by  length  of  time,  are  not  eafily  feparable  or 
diflinguifhable  when  firft  dug  out  of  the  ground,  much  lefs  after  they 
are  melted.  For  the  miner,  aiming  only  to  obtain  a quantity  of  fuch  a 
metal,  or  other  mineral,  as  is  vendible  under  a determinate  name,  has 
no  defign,  nor,  perhaps  lie  ill,  to  make  nice  feparations  of  the  hetero- 
geneous bodies  to  be  met  with  in  his  ore  ; but  melts  as  much  of  them 
as  he  poffibly  can  promifeuoufly  together,  and  then  fells  the  produCt  to  the 
merchant,  or  the  chymifl,  for  that  metal  or  mineral  whofe  outward  form 
and  properties  it  has  ; tho’  the  metal  for  which  it  paffes  be  but  the  pre- 
dominant ingredient  of  the  lump.  So  that  many  other  minerals  may,  in 
fmall  quantities,  here  lie  conceal’d,  and  upon  occafion  be  difeover’d  by 
exquifite  feparations,  or  manifeft  themfelves  by  unexpected  operations 
when  they  meet  with  bodies  fit  to  aCt  on. 

An  ingenious  goldfmith  of  my  accquaintance,  complain’d  to  me,  that 
frequently  buying  parcels  of  gold,  brought  in  fmall  pieces,  or  fandy  cor- 
pufcles,  from  Guinea  ; tho’  he  found  it  upon  all  trials  to  be  true  gold, 
yet  it  was  fo  very  pale,  that  few  but  expert  goldfmiths  wou’d  meddle 
with  it ; fo  that  he  was  fometimes  reduc’d  to  melt  it  with  very  high  co- 
lour’d gold,  or  to  heighten  its  tinCture  with  that  of  copper.  And  Mon- 
fieur  Flacourt , govenor  of  the  French  plantation  in  Madagafcar , fpeak- 
ing,  in  his  hillory  of  that  ifland,  of  the  metals  there,  fays,  “ the  inhabi- 
<c  tants  have  a gold  of  a different  nature  from  that  in  Europe and  adds, 
cc  that  this  gold  is  pale,  and  not  worth  above  fifty  (hillings  an  ounce  ; ” 
and  farther,  “ that  the  negroes  affirm  there  are  many  mines  of  it  in  the 
“ country,  where  it  was  formerly  dug  ; that  there  are  three  foits  there- 
“ of,  differing  in  finenefs  from  each  other  and,  what  is  mofl  remarka- 
ble, “ that  Malacajfean  gold,  as  they  call  it,  is  almofl  as  eafily  melted  as 

lead  ^ 
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lead  whilft  the  fine  gold  we  deal  with,  requires  vehement  fires  and 
borax  to  facilitate  its  fufion. 

Upon  vifiting  forne  mines  of  lead,  and  other  metals,  I found  a great 
difference,  difcernible  even  to  the  eye,  betwixt  the  feveral  ores •,  for  in- 
ftance,  I obferv’d  fome  lead-ore  fo  like  fteel,  that  the  workmen  call  it 
fteel-ore  ; which  being  of  a more  difficult  fufion  than  ordinary,  they 
mix  with  other  ore,  by  them  call’d  firm-ore,  when  they  commit  it  to 
the  furnace.  I likewife  took  notice  of  an  ore,  which,  for  its  aptnefs  to 
vitrify,  and  ferve  the  potters  to  glaze  their  veffels,  the  miners  call  pot- 
tern-ore,  and  fell  it  dearer  than  other  ore,  from  which  it  vifibly  differs, 
and,  as  the  workmen  affirm,  in  many  other  qualities  ; yet  all  thefe 
ores,  after  fufion,  pafs  indifferently  under  the  name  and  notion  of  lead. 
No  wonder,  then,  that  curious  enquirers  find  a great  variation  herein,  I 
lately  caus’d  fome  lead-ore  to  be  tried,  which  being  the  moft  promifing 
I ever  fiiw,  made  me  fuppofe  it  might  contain  fome  confiderable  quan- 
tity of  filver  ; but  tho’  it  prov’d  fo  rich  in  lead  as  to  yield  after  the  rate 
of  feventy  pound  in  the  hundred,  yet  one  of  the  moft  expert  artifts  in 
Europe  cou’d  not  extradt  one  grain  of  filver  out  of  it ; tho’  the  lead  of 
very  many  mines,  being  fkilfully  treated,  will  leave  a proportion  of  pure 
filver  upon  the  teft.  This  quantity  of  filver,  indeed,  is  not  confidera- 
ble enough  to  make  fuch  mines  as  yield  that  lead  pafs  for  filver  mines  *, 
yet  fuch  mines  as  are  look’d  upon  but  as  lead-mines  by  the  metallift, 
will  appear  to  be  mix’d  ones  to  the  naturalift  *,  who  may  meet  with  fe- 
veral experiments  wherein  fo  little  filver  will  make  their  lead  operate 
differently  from  that  of  ores  wholly  deftitute  of  filver. 

The  fame  differences  might,  probably,  be  found  in  the  ores  of  other  me- 
tals, if  they  were  purpofely  and  fkilfully  examined.  A very  experienced 
perfon  in  thefe  affairs,  was  lately  very  defirous  I lhou’d  procure  him 
fome  tin-ore  •,  alledging,  that  he  had  met  with  a fort,  which,  after  a long 
digeftion  in  lixiviate  liquors,  afforded  him  a very  confiderable  proporti- 
on of  the  richer  metals  •,  fo  that  having  a large  quantity  of  that  ore,  and 
finding  the  experiment  on  it  to  fucceed  conftantly,  he  promis’d  himfelf 
an  eftate  from  it  *,  but  when  that  ftock  of  ore  was  fpent,  the  next  that 
he  procured,  tho’  carefully  managed  as  the  former,  was  wholly  unpro- 
fitable. And  having  once  bought  a parcel  of  block-tin,  as  the  tradefmen 
call  that  which  is  moft  pure  and  unwrought,  I was  defirous  to  try  if  I cou’d 
not  make  a menftruum  to  diffolve  it,  as  Aquafortis  diffolves  filver,  and  Aqua 
regia  gold  •,  becaufe  chymifts  complain,  that  tho’  they  have  a menftruum 
or  two  that  will  diffolve  crude  tin,  yet  they  want  one  to  keep  it  dif- 
folv’d  *,  and  not,  like  Aqua  fort  is,  let  it  fall  into  a calx.  Such  a liquor  be- 
ing obtain’d,  we  evaporated  a folution  of  that  tin  •,  and  fetting  it  to  fhoot, 
found,  to  our  wonder,  that  the  cryftals  it  afforded  were  not  at  all  like 
any  kind  of  vitriol,  but,  broad,  flat,  and  exceeding  thin,  like  thofe  of 
filver : examining  them  alfo  by  the  tongue,  we  found  not  that  they  had  any 
fuch  tafte  as  the  calx  of  tin,  made  in  fpirit  of  vinegar  ^ but  fuch  an  ex- 
ceflive  bitternefs  as  may  be  met  with  in  the  cryftals  of  filver,  made  with 
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Aqua  Fortis.  Finding  this  farther  refemblance  betwixt  the  falts  of  thefe 
two  metals,  that  both  of  them  prefently  dyed  the  nails  and  fkin  with  a 
black  that  cou’d  not  foon  be  walk’d  off ; we  fhou’d  have  fufpedted,  that 
the  menftruum  had  exalted  this  metal  into  an  affinity  with  filver,  had 
we  not  afterwards  profecuted  the  fame  trial  with  the  fame  menftruum, 
and  another  parcel  of  block-tin,  and  found,  that  tho’  this  metal  was 
bought  very  foon  after  the  other,  and  at  the  fame  place,  the  former 
fuccefs  proceeded  from  our  having  lighted  upon  the  lump  of  tin  that  was 
of  a peculiar  nature. 

I remember,  alfo,  that  a friend  of  mine  found,  in  his  own  land,  a par- 
cel of  ore,  which  feem’d  to  me  to  be  copper-ore  *,  and,  indeed,  it  did, 
after  fufion,  yield  a very  good  copper  : but  the  perfons,  to  whom  he  com- 
mitted the  examination  of  the  mine,  being  very  inquifitive,  and  extraor- 
dinary Ikilful,  found  in  that  ore,  befides  the  copper,  a confiderable  quan- 
tity of  filver  *,  and  in  that  lilver,  a confiderable  proportion  of  gold. 

That  great  chymift  Bafil  Valentine , fpeaking  of  antimony,  tells  us, 
<c  there  are  feveral  kinds  of  it,  and  cfpecially  two  ; the  one  more  mer- 
<c  curial,  and  of  a golden  property,  manifeft  by  the  fhining  ftreaks 
“ it  abounds  with  ; the  other  more  full  of  fulphur,  but  wanting  the  gol- 
“ den  nature  that  enriches  the  former  and  adds,  “ there  is  fuch  a 
46  different  goodnefs  betwixt  the  feveral  forts  of  this  drug,  as  betwixt 
“ the  feveral  forts  of  fleffi  or  fiffi  ; which,  tho’  agreeing  in  name  and 
“ general  nature,  exceedingly  differ  in  point  of  excellence.”  And,  in- 
deed, I have  found  a vifible  difference  betwdxt  the  feveral  forts  of  anti- 
mony. An  excellent  chymift  fhew’d  me  a parcel  of  antimony  as  a ra- 
rity, upon  account  of  the  varioufly  colour’d  fulphur  wherewith  it  was 
confpicuoufly  enrich’d  ; and  foon  after  employ’d  it  to  make  butter  of  an- 
timony ; but  tho’  he  was  very  expert  in  that  kind  of  diftillation,  yet  in- 
ftead  of  the  liquor  he  expedled,  upon  the  approach  of  a gentle  fire,  he 
found  the  neck  and  body  of  his  retort  lined  with  an  antimonial  cinna- 
bar ; at  which  being  furpriz’d,  he  withdrew  his  fire  till  he  had  acquaint- 
ed me  with  the  accident ; and  I faw  the  cinnabar  in  the  unbroken  re- 
tort, tho’  it  feldom  rifes  till  after  the  butter  of  antimony  is  come  over, 
and  the  remaining  matter  be  urged  with  a vehement  fire.  And  to  the 
undifcern’d  difference  of  antimonies  we  may,  fometimes,  afcribe  that  con- 
tingency frequently  obferv’d  in  making  antimonial  cinnabar. 

And,  perhaps,  it  is  from  fome  diverfity  either  in  antimonies  or  irons, 
that  eminent  chymifts  have  often  fail’d  in  their  endeavours  to  make  the 
ftarry  regulus  of  them:  whence  many  artifts  vainly  imagine  a certain  refpedt 
to  times  and  conftellations  requifite  to  produce  it.  An  induftrious  ac- 
quaintance of  ours,  working  on  antimony  of  a peculiar  nature,  and 
making  a regulus  of  it,  alone,  in  the  common  way,  found,  to  his  fur- 
prize,  his  regulus  adorned  with  a more  confpicuous  ftar  than  ever  I had 
l'een  in  ftellate  reguluffes  of  antimony  and  iron  ; yet  I dare  not  be  con- 
fident that  this  depended  wholly  upon  the  peculiar  nature  of  that  anti- 
mony, becaufe  my  own  laboratory  has,  fince  that  time,  afforded  me  fe- 
veral 
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veral  fuch  parcles  of  regulus  *,  which,  tho’  made  of  antimony  that  feem’d 
more  rich  than  ordinary  in  fulphur  ; yet  as  it  did  not  conftantly  afford 
a ftarry  regulus,  tho*  order’d  by  the  fame  perfon,  and  as  near  as  poffible 
after  the  fame  manner,  it  does  not  clearly  appear  whether  the  different 
event  of  the  feveral  trials  proceeded  from  the  peculiar  nature  of  this  or 
that  antimony,  or  from  fome  odd  and  fcarce  difcoverable  circumftance 
in  the  management  of  the  operation. 

A confiderable  difference  is  obfervable  in  feveral  other  minerals,  as  well 
as  antimony.  I was  lately  prefented  with  a piece  of  mineral  which 
feem’d  to  be  an  ordinary  worthlefs  marcafite  ; yet  a Dutch  merchant,  a fkil- 
ful  mineral ift,  its  poffeffor,  was  very  induftrious  to  procure  a large  quan- 
tity thereof;  having  in  fome  of  it  found  a confiderable  proportion  of  pure 
gold.  And  the  gentleman,  whofe  copper-ore  I formerly  mention’d,  digging 
for  more  of  it,  lately  found  a quantity  of  red  earth,  which  by  knowing 
mineralifts  was  guefs’d  to  be  only  bole  *,  but  being  melted  with  Regulus 
Martis  ftellatus , by  a fkilful  trier  of  metals,  it  many  times  recompens’d 
the  examiner’s  curiofity,  by  affording  him  many  grains  of  fine  gold. 
And  tho’  I cannot  fay,  whether  this  gold  proceeded  from  the  bole,  or 
the  regulus  it  may  ferve  for  an  inftance,  that  fome  bodies,  which  pafs, 
without  difpute,  for  minerals  of  a precife  nature,  may  have  lurking  in 
them  fubftances  of  quite  another  kind  *,  which  may  manifeft  themfelves  in 
fome  particular  experiments,  tho’  not  in  others. 

Talc,  ufually  employ’d  in  cofmetics,  is  of  fo  very  difficult  calcination, 
that  eminent  chymifts  have  look’d  on  all  calces  of  talcs  as  counterfeit. 
And,  indeed,  we  have  not  calcined  Venetian  talc,  without  allowing  a 

length  of  time,  and  a violent  heat  to  the  operation.  But  among  many 

forts  of  Englijh  talc,  there  is  one  which  a moderate  fire  will,  in  lefs  than 
an  hour,  reduce  to  a fnow-white  calx:  of  which  I have  feen  a parcel. 
And  I lately  met  with  another  fort  of  Englijh  talc,  which  I cou’d  fud- 
denly  calcine,  even  with  the  flame  of  a candle.  And  a friend  of  mine 
allures  me,  that  out  of  a German  talc  he  met  with,  he,  by  digefling  it 
in  a ftrong  folution  of  alkaline  fpirits,  feparated  a confiderable  quan- 
tity of  good  gold  ; and  might  have  made  it  a very  gainful  experiment, 
if  all  the  talc  growing  in  the  fame  place  had  been  equally  rich  with 

that.  The  like  has  been  affirm’d  to  me  by  a gentleman  of  eminence,  who, 

from  a certain  talc,  which  he  had  out  of  Norway , once  drew  a tolerable 
proportion  of  very  fine  gold : and  tho’  fome  have  been  pleas’d  to  laugh 
at  all  attempts  of  feparating  any  thing  from  any  kind  of  talc,  yet  fome 
parcels  of  that  mineral  afford  a rich  tindture,  for  ought  I know,  of  a 
golden  nature.  For  I have  met  with  a kind  of  darkifh  colour’d  talc, 
which,  when  caft  only  into  Aqua  regis , the  menftruum  manifeflly  work’d 
upon  it,  and  diflfolv’d  its  colour’d  parts  in  fuch  plenty,  that  the  filter’d 
folution  pafs’d  without  fufpicion,  among  many  eminent  naturalifls  for  a 
fair  folution  of  gold.  Paracelfns  reckons  four  kinds  of  talc  ; red,  white, 
black,  and  yellow,  and,  perhaps,  each  of  thefe  colours  comprizes  feve- 
ral kinds  of  the  mineral ; and,  therefore,  after  having  mention’d  a great 

variety 
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'Variety  of  marcafites,  ftones,  and  other  minerals,  he  adds,  cc  there  lie  many 
“ more  in  the  bowels  of  the  earth,  which  are  unknown  both  to  me  and  others, 

« but  may  in  tradt  of  time  be  difcover’d.” 

*Tis  vulgarly  known,  that  there  is  a great  difference  between  vitriols  of 
the  fame  metal ; and  as  for  thofe  vitriol-ftones,  whereof  we  in  England  make 
our  vitriol ; I have  feen  at  our  chief  copperas- works  fo  great  a variety  of 
them,  that  I could  fcarce  believe  the  workmen,  when  they  affirm’d  them  to 
be  all  copperas-ftones  : and  I think  it  very  likely,  that  fome  of  them  contain 
other  mineral  fubftances  befides  vitriol  i and  poffibly  the  feline  parts  of  thofe 
ftones,  upon  their  folution  by  the  rain,  may  work  on  other  fubftances  for- 
merly coagulated  with  them,  and  thereby  communicate  to  fome  parcels  of 
the  vitriol,  qualities  not  effential  to  the  nature  of  that  fubftance,  nor  ordi- 
narily belonging  to  it. 

That  there  is,  alfo,  a difference  betwixt  thofe  bodies  which  pafs  under 
the  name  of  common  fait,  muft  be  obvious  to  every  chymift,  who  hath 
made  accurate  trials  upon  that  fubftance.  And  for  thofe  concretes  that  pafs 
for  falt-petre,  there  is,  probably,  no  fmall  difparity  among  them,  befides 
the  obvious  difference  betwixt  good  Englijh  nitre,  and  that  which  is  brought 
from  Barbary.  Thofe  who  ufe  both  good  European  and  good  Eaft- Indian 
falt-petre,  affure  me,  they  find  a difference  betwixt  them,  and  give  the  pre- 
ference to  the  latter : and  indeed  I have  often  thought  I difcern’d  a confide- 
rable  difference  in  the  operations  of  feveral  kinds  of  falt-petre,  even  after 
purification.  And,  probably  that  fort  of  it,  which  an  ingenious  man  of  my 
acquaintance  fometimes  makes,  near  London , chiefly  out  of  fea- fait,  has  fome 
different  qualities  from  that  which  is  drawn  in  the  common  way  from  earth. 

Indeed,  falt-petre  being  but  a kind  of  fal  terrx,  generated  in  parcels  of  the 
earth,  very  differently  qualified,  may,  probably,  receive  feveral  qualities  from 
the  foil  wherein  it  grows  *,  though  thefe  qualities  lie  conceal’d  and  unfuf- 
pedted,  under  the  common  external  appearance  of  nitre.  A very  ingenious 
gentleman  affured  me,  that  one  of  the  moft  eminent  of  our  London  phyfi- 
cians,  had  an  excellent  fecret,  to  employ  in  fome  of  his  choice  remedies, 
that  peculiar  falt-petre  which  he  drew  out  of  the  earth,  dug  up  in  church- 
yards. A gentleman  alfo  allures  me,  he  has,  in  England , met  with  a fendy 
earth,  that  turns  wood  into  ftone,  tho’  there  be  no  petrifying  fpring  near 
the  place  •,  and  this  it  does  in  a better  manner  than  any  water  I have  yet 
feen.  And  the  like  differences  would,  probably,  be  taken  notice  of  in  other 
mineral  bodies,  if  mens  prepoffeffions  did  not  make  them  aferibe  the  vari- 
ations they  meet  with  in  their  experiments,  rather  to  any  other  caufe,  than 
the  unfufpedted  difference  of  the  materials  employ’d  in  them. 

Nor  is  it  only  among  mineral  bodies  of  the  fame  name,  that  fuch  a di- 
verfity  is  to  be  found  *,  ’tis  very  probable,  that  a greater  difparity  may  be 
dilcover’d,  both  among  vegetables  and  animals,  if  narrowly  examined,  which 
are  reputed  of  the  fame  nature,  than  hath  been  yet  taken  notice  of. 
Botanifts,  indeed,  have  fhewn  a commendable  curiofity  in  fubdividing 
plants  of  the.  fame  denomination  * and  few  naturalifts  are  ignorant,  that 
there  are,  for  inftance,  many  forts  of  rofes,  and  of  apples,  which  differ 
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widely  betwixt  themfelves  *,  as  the  red  rofe,  and  the  white,  the  crab,  the 
pippin,  and  the  pearmain.  But,  befides  thefe  differences,  which  are  obvious 
enough  to  be  regifter’d  by  botanic  authors,  there  may  be  more  undifcern’d 
ones  betwixt  the  individuals  of  the  fame  ultimate  fubdivifion  of  plants,  ari- 
fing  from  the  temperature  of  the  air  *,  which  makes,  for  example,  fena  grow- 
ing in  England  to  differ  much  from  that  of  Alexandria  •,  and  from  the  nature  of 
the  foil,  as  appears  by  the  change  produced  in  wild  fimples  tranfplanted 
into  gardens,  and  many  other  caufes.  We  often  fee,  that  one  rofe  dif- 
fers from  another  of  the  fame  kind,  and  one  pearmain  from  another  pear- 
main.  To  which  we  may  add,  that  the  upper  cruft,  or  furface  of  the 
earth,  being  impregnated  with  fubterraneal  exhalations  of  feveral  forts,  and 
temper’d  with  variety  of  juices,  it’s  very  poffible  that  fome  particular  plant 
may  attract  fuch  a juice  out  of  a determinate  fpot  of  ground,  as  to  give  it 
exotic  qualities,  and  make  it  differ  even  from  the  neighbouring  plants  of 
the  fame  kind.  Thus,  I remember,  I met  with,  in  Switzerland , a fort  of 
very  heady  wine,  that  otherwife  feem’d  to  be  fack,  tho’  it  grew  amongft 
the  mountains  of  the  country  *,  but  I could  not  believe  it,  ’till  they  affured  me, 
that  it  received  its  inebriating  quality,  with  the  reft  of  thofe  that  remarkably 
diftingu'ifh’d  it  from  the  other  wine  of  thofe  parts,  by  growing  on  a little 
fpot  of  ground,  whofe  entrails  abounded  with  fulphur.  And  fmce  I have 
mention’d  wine,  I may  further  remark  what  a great  change  is  made  in  that 
liquor,  when,  upon  the  recefs  of  the  fpirits,  and  more  volatile  fulphureous 
parts,  it  degenerates  into  vinegar-,  whilft  little  diminution  of  quantity,  or  any 
other  alteration,  appears  upon  this  change.  And  tho’  this  change  is  fami- 
liar to  us,  yet  who  knows  what  others  may  be  produced  in  bodies,  with 
w hofe  alterations  we  are  unacquainted  ; whilft  the  eye,  which  is  often  the 
only  fenfe  employ’d  about  judging  of  them,  difcerns  no  difference  ? Thus, 
we  may  daily  obferve  the  fuperannuated  feeds  of  plants,  after  having  been 
long  kept  beyond  their  due  time,  lofe  all  their  germinating  power  ; tho’  they 
retain  all  their  obvious  qualities.  Urine  is  much  ufed  by  dyers,  and  feveral 
other  tradefmen,  who  indifferently  employ  it,  without  examining  whether 
it  be  rich  in  fait,  and  how  long  it  hath  been  kept ; tho*  chymifts,  who  fre- 
quently have  occafion  to  diftil  it  in  large  quantities,  affure  me,  that  they 
find  a notable  difference  therein  *,  that  of  healthy  young  men,  abounding 
much  more  with  volatile  fait,  than  that  of  fickly  or  aged  perfons.  They 
fay,  alfo,  that  the  urine  of  fuch  as  drink  wine  freely,  is  much  fuller  of 
fpirituous  and  active  parts,  than  that  of  thofe  who  drink  only  beer  or  water. 
And  tradefmen,  who  boil  their  feveral  commodities  indifferently  in  any 
urine,  may  thereby  fometimes  commit  confiderable  errors  : for  frefh  urine, 
wherein  the  faline  parts  are  entangled  among  the  reft,  will  endure  to  be 
boiled  above  one  half  or  two  thirds  away,  without  lofing  its  volatile  file  and 
fpirits ; whilft  that  which  has  been  kept  for  feveral  weeks,  is  liable  to  a 
putrefaction,  whence  the  component  parts  fall  afunder  *,  and  the  faline  ones, 
extricating  themfelves  from  the  reft,  will,  upon  a very  gentle  heat,  evapo- 
rate, and  leave  a phlegmatic,  una&ive  liquor  behind  them.  Having  caufed 
fome  urine  to  be  buried  in  earthen  veffels  in  a dunghill,  to  putrefy  for  five  or 
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fix  weeks,  I was  kept  from  employing  it  ’till  it  had  lain  there  between  four 
and  five  months  ; and  obferving,  when  I caus'd  it  to  be  taken  out,  that  the 
covers  of  the  veffels  had  not  been  well  luted  on,  and  were,  befides,  in  fome 
places,  crack’d  ; I fufpeCted  that  the  heat  of  the  dung  had  not  only  loofen’d 
the  faline  parts  of  the  liquor,  but  driven  them  away  •,  and  accordingly,  by 
diddling  it  with  a very  gentle  heat,  and  in  a very  high  cucurbit,  we  obtain’d, 
initead  of  an  aCtive  and  faline  fpirit,  a languid  and  naufeous  phlegm.  And 
how  great  odds  there  may  be  betwixt  fome  experiments,  made  with  new  and 
putrefied  urine,  maybe  eafily  conceiv’d  by  him  who  knows  what  effeCt  flits 
have  in  the  production  of  colours  •,  and  is  acquainted  with  their  efiLucy  in 
tliofe  other  mechanical  experiments,  wherein  urine  is  employ’d. 

Thirdly,  there  is  a great  difference  to  be  found  among  many  things  pre-  And  in  their 
pared  by  art,  that  bear  the  fame  general  name  *,  which  may  proceed  from  Preparations 
what  wi  have  already  oblerved,  in  the  materials,  of  which  fuch  bodies  are 
compofed,  or  from  the  means  ufed  in  preparing  them.  3ut  we  fhall,  at 
prefent,  mention  only  two  forts  of  factitious  bodies  •,  fuch  as  are  not  fuffi- 
ciently  purified,  and  fuch  as  are  purified  too  much. 

It  is  very  certain,  that  many  chymical  experiments,  deliver’d  by  fober 
authors,  have  been  judg’d  falfe,  only  becaufe  the  menffrua,  or  other  mate- 
rials employ’d  in  the  unfuccefsful  trials,  were  not  as  highly  rectified,  or, 
otherwife,  as  exquifitely  depurated,  as  thofe  that  were  ufed  by  the  original 
experimentor  ♦,  fo  that  the  fault  of  a bad  menftruum,  is  often  injurioufiy  im- 
puted to  an  excellent  artift.  That  experienc’d  chymifl  Van  Helmont , en- 
deavours to  explain  the  manner  wherein  the  calculus  bumanus  is  generated, 
by  the  coagulation  immediately  enfuing  upon  the  mixture  of  the  two  vo- 
latile fpirits  of  urine,  and  of  wine.  This  noble  experiment  has,  by  many, 
been  unfuccefsfully  tried,  and  therefore  by  them  condemned  as  a chymical 
fiCtion  *,  and  the  firft,  and,  I think,  the  fecond  time  we  attempted  to  m\ke 
that  coagulum,  we  found  nothing  of  what  we  expeCted  : but  at  length, 
thinking  it  poffible  that  the  fpirits  we  employ’d  had  not  been  fufficiently 
exalted,  we  dephlegm’d  fome  by  more  frequent  and  tedious  rectifications  ; 
and  thence,  by  more  accurate  trials,  were  fatisfied  that  Van  Helmont  had 
not  mifinform’d  us.  So  likewife  the  fame  author,  extolling  the  finCture  or 
folution  of  amber,  made  with  fpirit  of  wine,  as  a noble  ftomachic,  cephalic, 

13  c.  many  phyficians  and  chymifts  have  attempted  to  prepare  this  tinCture, 
with  fuch  bad  fuccefs,  that  they  declare,  Helmont  either  deliver’d  what  was 
falfe,  or  conceal’d  fome  confiderable  circumftance  of  the  procefs.  But  hav- 
ing  digefted  well-dephlegmed  fpirit  of  wine  upon  high-colour’d  and  very 
finely  powder’d  amber,  and  placed  them  in  a very  gentle  heat ; we  have,  fe- 
veral  timest  obtain’d  a true  tinCture  of  amber,  difcernible  both  by  its  fmell 
and  tafte.  And,  to  fhew  that  this  colour  proceeded  from  a real  folution  of 
the  more  fubtile  parts  of  the  amber,  we  pour'd  fome  drops  of  it  into  water  ; 
when,  the  fpirit  of  wine  fuddenly  diffusing  itfelf  > the  diffolv'd  amber  was 
plainly  difcernible,  fwimming  like  a thin  film  upon  the  furface  of  the  liquor, 
whence  it  gradually  exhaled  into  the  air. 
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There  may,  likewife,  as  we  have  tried  from  pure  fait  of  tartar,  be  drawn, 
with  fpirit  of  wine,  a pretty  high  tindure,  and  of  a remarkable  tafte  *,  but 
upon  lately  trying  to  draw  this  tindure  with  fpirit  of  urine,  which,  un- 
known to  me,  was  much  too  weak  for  that  purpofe,  I found  that  after  I 
had  kept  the  glafs  a while  in  digeftion,  the  fait  of  tartar  had  drawn  to  it- 
felf,  and  imbibed  the  aqueous  particles  of  the  fpirit  *,  and  being  thereby,  in 
part,  diffolv’d  into  a liquor,  the  fubfiding  fait  was,  by  the  Interpofition 
thereof,  protected  from  the  action  of  the  fpirit  of  wine ; which,  being  thus 
dephlegm’d,  would  not  mix  with  the  faline  liquor,  but  fwam  entirely  above 
it.  This  I fhall  add,  in  general,  that  the  German  chymifts  are  commonly 
10  accurate  in  the  redification  of  their  fpirit  of  wine,  that,  in  England,  where 
we  are  lefs  careful  in  that  particular,  it  is  common,  for  thofe  experiments 
of  theirs,  to  be  unfuccefsfully  try’d,  wherein  the  alcohol  of  wine  is  re- 
quifite. 

And  it  is  not  only  in  menftruums,  but  in  many  other  bodies,  that  the 
want  of  an  exquifite  depuration  may  produce  a variety  of  events  in  experi- 
ments : as,  for  inftance,  it  has  been  complain’d  of  by  fober  men,  that  their 
preparations  of  filver,  tho’  never  fo  carefully  made,  have  been  apt  to  prove 
violently  emetic ; tuv*  we  have  not  obferv’d  a well-prepar’d  medicine  of 
duly  refined  filver  to  work  by  vomit,  even  in  women  and  children,  but  by 
ftool,  or  urine.  We  cannot,  however,  wonder  at  the  violent  operation  of 
medicines  made  with  ordinary  filver  •,  for  not  only  that  of  coin  is  allay’d 
with  about  a twelfth  part  of  copper  ; but  even  that  which  is  commonly,  at 
a great  rate,  fold  for  refined  filver,  is  not  often  fufficiently  freed  from  its 
copper  as  I lately  manifefted  in  the  prefence  of  one  of  our  moft  eminent 
refiners,  by  difiolving  fome  of  his  pureft  filver  in  his  own  Aqua  for tis  \ for 
the  greennefs  of  the  folution  quickly  betray’d  the  bafer  metal:  and  no  won- 
der, for  I have  feldom  feen  our  chiefeft  refiners  blow  off  from  their  filver, 
upon  the  teft,  above  half  its  weight  of  lead  ; whilft  we  think  not  our  fil- 
ver fufficiently  refined,  ’till  it  has  been  freed  from  five  or  fix  times  its  weight 
thereof ; and  then  it  has  afforded  a folution  as  clear  as  water,  with  only, 
now  and  then,  a fcarce  difcernible  tendency  towards  fky-colour. 

Now,  that  ill  effeds,  by  the  mixture  of  copper,  may  be  produced  in  fuch 
medicines,  as  ought  to  be  of  pure  filver,  the  violent  emetic  qualities  of  the 
former  will  fcarce  fuffer  us  to  doubt.  And,  as  in  mens  bodies,  fo  in 
other  fubjeds,  thofe  experiments  may  eafily  fail  the  artift’s  expedation, 
when  he  hopes  to  perform,  by  a mixture  of  thofe  two  metals,  that  which 
requires  pure  filver  alone.  And  as  filver,  fo  gold  is  very  often  employ’d 
for  pure,  when  ’tis  otherwife  : the  foliated  gold,  commonly  fold  here  in 
England,  how  fine  foever  reputed,  is  not  altogether  free  from  the  pollutions 
of  other  methls  ; for  our  gold-beaters,  tho’  for  their  own  profit  they  ufe 
the  fineft  gold  they  can  get,  yet  fcruple  not  to  employ  coin’d  gold  ; and 
this  the  mint- matters  allay  with  copper,  or  filver,  to  make  it  ffiff,  and  lefs 
fubjed  to  wafte  by  attrition.  And  as  for  thofe  goldfmiths,  and  chymifts, 
who  think  their  gold  moft  exquifitely  refined,  when  they  have  blown  from 
/it*  on  the  teft,  a due  proportion  of  lead,  they  may  therein  be  fometimes 
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miftaken;  for  tho*  the  lead  may  carry  away  with  it  all  the  copper  that  de- 
bafes  the  gold,  yet  the  gold  does  not  always,  alter  this,  remain  free  from 
Silver : nay,  the  mod  fkilful  refiner  that  I ever  knew,  hath,  fevcral  times, 
affirm’d  to  me,  that  after  cupelling  fine  gold,  with  lead,  the  gold  has  re- 
tain’d, and  protedled  from  the  fire,  a proportion  of  filver  that  lay  lurking 
in  the  lead,  and  was  afterwards  feparated  from  the  gold  by  Aqua  fort  is, 
tho*  in  fo  fmall  a quantity,  that  the  experiment  was  not  gainful* 

But  as  many  experiments  fucceed  not,  becaufe  the  menftrua  employ’d 
about  them  were  not  pure  enough ; fo  fome  mifcarry,  becaufe  fuch  men- 
ftrua  are  too  exa&ly  depurated  : for  it  is  not  fo  much  the  purity  of  li- 
quors in  their  kind,  as  their  fitnefs  for  the  particular  purpofe  to  which  they 
are  defign’d,  that  is  to  be  principally  regarded  in  experiments.  For  inftance, 
we  have  fometimes  made  pieces  of  paper,  and  linen,  appear  all  on  a flame, 
without  either  burning,  finging,  or  fo  much  as  difcolouring  them.  This  is 
perform’d,  by  mcftfining  the  paper  or  linen  throughly  in  weak  fpirit  of  wine, 
and  then  bringing  them  to  the  flame  of  a candle,  by  which  the  fpirituous 
parts  of  the  liquor  will  be  fired,  and  burn  a pretty  while,  without  harming 
them  ; but  if  the  experiment  be  tried  with  exquifitely  redlified  fpirit  of 
wine,  it  will  not  fucceed : however,  the  flame  of  fpirit  of  wine  is  fo  hot, 
that  I have,  in  lamp-furnaces,  employ’d  it  inftead  of  oil,  and  with  the  fame 
.flame,  have  melted  leaf- gold.  The  reafon,  therefore,  why  paper  is  not 
burned  by  the  flame  that  plays  about  it,  feems  to  be,  that  the  aqueous  part 
of  the  fpirit  of  wine  being  imbibed  thereby,  keeps  it  fo  moift,  that  the  flame 
of  the  fulphureous  parts  of  the  fame  fpirit  cannot  fallen  to  it  •,  and,  accordingly, 
when  the  flame  ceafes,  the  paper  remains  moift.  On  the  other  hand, 
having  purpofely  plung’d  paper  into  dephlegm’d  fpirit  of  wine,  it  was  very 
readily  kindled,  and  burn’d  by  the  flame  thereof.  And  one  of  our  beft 
ways  to  try  the  purity  of  fpirit  of  wine,  is  grounded  on  this  very  fuppofi- 
tion  : for  dipping  a cotton  wiek  therein,  and  fetting  it  on  fire,  if  the  flame 
fallen  on  the  wiek,  it  is  a fign  the  fpirit  is  pure ; but  if  it  does  not, 
we  conclude  it  to  be  not  fufliciently  dephlegm’d.  Some  artifts,  likewife, 
obferve,  that  Aqua  fort  is  will  work  more  readily  on  lead,  for  being  allay’d 
with  water.  I have  ufed  an  Aqua  fort  is  fo  ftrong,  that  it  would  not  well 
dilfolve  filver,  unlefs  firft  diluted  with  fair  water.  And  I have  had  an  un- 
welcome proof,  that  liquors  may,  by  too  exquifite  a depuration,  be  made 
unfit  for  fome  purpofes.  For  having,  to  gratify  fome  friends,  made  a cer- 
tain menftruum,  wherewith  we  had  perform’d  furprizing  things  upon  gold, 
we  took  care,  againft  the  time  of  their  exhibition,  to  feparate  it  from  what- 
ever was  of  an  aqueous  or  earthy  nature,  more  exadlly  than  ever  before.  But 
coming  to  make  ufe  of  this  fort  of  menftruum,  we  found,  that  inftead  of  per- 
forming its  operation  upon  gold  better  than  ulual,  we  could  do  nothing  at  all 
with  it:  for  it  would  not  now,  even  by  heat,  be  brought  to  touch  gold,  tho’ 
it  ufed,  unaflifted,  to  diflolve  it.  But  having,  for  trial-fake,  taken  avlittle 
of  this  numerical  parcel  of  liquor,  before  it  wasfo  carefully  re&ify’d,  it  dil- 
folv’d  crude  gold,  as  well  as  we  had  reafon  to  expedl.  And  it  delerves  to 
he  confider’d,  whether  or  no,  in  the  extra&ion  of  the  tin&ures  of  feveraj 
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bodies,  chymifts  do  not  put  themfelves  to  a needlefs  and  prejudicial  trouble* 
by  refufing  to  employ  any  other  fpirit  of  wine,  than  that  which  is  highly 
redtified  : for,  tho*  in  many  fubftances,  the  parts  defired  by  the  artift  being 
fulphureous,  the  menftruum  is  the  better  for  an  exquifite  dephlegmation  •, 
yet  in  feveral  others,  the  ufeful  and  efficacious  parts  are  the  faline,  which 
make  them  more  freely  impregnate  fuch  liquors,  as  have  fome  aqueous  mix’d 
with  their  fulphureous  parts. 

Thus  much  for  the  manner  wherein  experiments  may  mifcarry,  upon  ac- 
count of  their  materials.  Let  us  next  confuier  the  contingencies  whereto 
they  are  obnoxious,  from  circumftances  that  are  either  unobvious,  or  fcarce 
difcernible,  ’till  the  trial  is  over.  A phyfician  of  unqueftionable  veracity 
affured  me,  that,  as  upon  taking  a journey,  he  lent  his  laboratory  to  a friend* 
in  Holland , wherein,  among  other  things,  was  great  (lore  of  Aqua  for  Lis  of 
feveral  compofitions,  which  he  had  made  to  employ  about  his  fcarlet 
dye  i his  friend  foon  after  fent  him  word,  that  by  digelting  gold  with 
an  Aqua  fortis , he  had  feparated  the  tincture,  or  yellow  fulphur,  from  it, 
and  made  it  volatile  •,  the  remaining  body  growing  white  •,  and  that  with  this 
golden  tindture  he  had  turned  filver  into  very  perfect  gold,  with  confidera- 
ble  profit.  Upon  this  news,  the  dodtor  prefently  return’d  to  his  labora- 
tory, and  did,  himfelf,  with  the  fame  Aqua  fortis , feveral  times,  draw  a vo- 
latile tindture  of  gold,  which  turn’d  filver  into  true  gold.  He  farther  af- 
firm’d, that  out  of  an  ounce  of  gold,  he  thus  drew  as  much  fulphur,  as 
fufficed  to  convert  an  ounce  and  a half  of  filver  into  that  nobleft  of  metals. 
This  I am  the  more  difpofed  to  believe,  becaufe  I have  found,  that  a yellow 
fubftance,  or  tindture,  is  obtainable  from  gold  i and,  becaufe  I am  tempted 
to  think,  that  filver  may  have  in  it  a fulphur  capable  of  being  advanced, 
by  maturation,  into  a golden  one*.  For  I have  been  allured,  by  men  very 
experienc’d  in  metalline  affairs,  that  they  have  feen,  fometimes  by  corrofive 
liquors,  and  fometimes  by  the  operation  of  common  fulphur,  efpecially 
well  open’d,  and  affociated  with  fit  falts,  filver  to  afford  fome  grains  of 
very  pure  gold.  But  the  dodtor  found  himfelf  much  millaken  in  his  hopes 
of  growing  rich  by  this  experiment ; for  a while  after,  endeavouring  to 
make  it  again,  it  fucceeded  not  3 which  he  afcribes  to  a defedt  in  the  Aqua 
fort  is , and  therefore  has  attempted  the  fame  work  afreffi.  But  fince  all  his 
trials  have  been  hitherto  fruitless,  ’tis  not  improbable,  that  the  difappoint- 
ment  proceeded  from  fome  other  more  abftrufe  eaufe  •,  for  we  find  fuch  ac- 
cidents have  fometimes  befallen  artifts  irreparably.  Glauber  tells  us  of  feve- 
ral ways,  by  which  he  made  gold  once,  but  could  not  do  it  again.  The 
prince  of  Mirandula , in  his  treatife  de  Auroy  tells  us  of  feveral  perfons,  whom 
he  knew  had  the  like  fuccefs  in  preparing  both  gold  and  filver.  And  I 
could  inftance  in  my  own  acquaintance,  thofe  who,  having  once  or  twice 
made  Luna  fixa , (which,  wanting  only  the  tindture  of  gold,  abides  the  trial 
of  Aqua  fortis , &c.)  or  fome  other  gainful  experiment,  have  fince,  in  vain, 

* M.  Homherg  declares,  he  has  actually  | French  Memoirs  for  the  year  1709,  p.  139 
converted  filver  into  gold,  by  heat.  See  the  | — 143, 


attempt 


167 


7 "he  Ufefulnefs  of  Philofophy . 

attempted  the  like  *,  and  yet  cannot  be  prevailed  with  to  defift  from  profe- 
cuting  their  uncertain  hopes.  And  the  moft  experienc’d  mineralift  I ever 
met  with,  has  allured  me,  he  fhould  quickly  grow  rich,  could  he  but  con- 
llantly  perform  what  he  has  feveral  times  perform’d  *.  It  may  be  very 
ferviceable  to  know,  that  many  experiments  fucceed,  when  made  with  fmall 
quantities  of  matter,  which  fail  in  greater  : feveral  projectors,  efpecially 
chymifts,  have  very  dearly  bought  the  knowledge  of  this  truth  For  it  often 
happens,  that  an  unwieldy  quantity  of  matter,  cannot  be  expos’d,  in  all  its 
parts,  to  a juft  degree  of  fire,  or  otherwife  fo  well  manag’d,  as  a lefs  : hence 
many  have  ruin’d  themfelves,  by  obftinately  attempting  to  make  even  real 
experiments  more  gainful. 

It  is  deliver’d  by  the  Lord  Verulam , and  other  naturalifts,  that  if  a rofc- 
bufh  be  carefully  cut,  as  foon  as  it  has  done  bearing  in  the  fummer,  it  will 
again  bear  rofes  in  the  autumn.  Of  this,  many  have  made  unfuccefsful  tri- 
als, and  thereupon  report  the  Affirmation  to  be  falfe  ; yet,  I am  very  apt  to 
think,  that  my  Lord  was  encouraged  by  experience,  to  write  as  he  did. 
For,  having  been  particularly  follicitous  about  the  experiment,  I find  by 
the  relation,  both  of  my  own,  and  other  experienc’d  gardeners,  that  this 
way  of  procuring  autumnal  rofes,  will,  in  moft  rofe-buflies,  commonly  fail, 
but  fucceed  in  fome  that  are  good  bearers  *,  and  accordingly,  having  this  fum- 
mer made  trial  of  it,  I find,  that  a row  of  bufhes,  cut  in  June , by  far  the 
greater  number  promife  no  autumnal  rofes  j but  one  that  hath  manifefted 
itfelf  to  be  of  a vigorous  and  prolific  nature,  is,  at  this  prefent,  indifferently 
well  ftored  with  thofe  of  the  damafk-kind.  There  may,  alfo,  be  a miftake  in 
the  fpecies  of  rofes  *,  for  experienc’d  gardeners  inform  me,  that  the  mufk- 
rofe  will,  if  it  be  a lufty  plant,  bear  flowers  in  autumn,  without  cutting : 
and  therefore,  that  may  unjuftly  be  afcribed  to  art,  which  is  the  bare  pro- 
duction of  nature.  Cinnamon  rofe-bufhes  thrive  fo  much  better  by  cut- 
ting, than  feveral  other  forts,  that  I remember,  this  laft  fpring,  my  gardener 
having,  about  the  middle  of  Aprils  cut  many  of  them  in  my  garden,  I faw 
about  the  middle  of  June , many  of  the  fame  bufhes,  plentifully  adorn’d  both 
with  buds  and  blown  flowers. 

An  uncertainty,  like  this,  has  been  likewife  obferv’d,  in  attempting  to 
produce  different  forts  of  fruit  from  the  fame  tree  *,  however,  we  have  lately 
feen  various  forts  of  pears,  fed  by  the  fame  plant  *,  and  three  and  twenty  forts 
of  apple- grafts  flour ifhing  upon  the  fame  old  ftock  *,  moft  of  which  were 
adorned  with  fruit.  Nay,  and  tho’  the  fruits  be  not  of  the  fame  denomina- 
tion, yet,  if  they  be  of  kin  in  nature,  they  may,  very  poffibly,  be  brought  to 
grow  on  the  fame  tree  ; for  we  lately  gather’d  both  apricocks  and  plumbs 
from  the  fame  tree,  and  expeCt  other  forts  of  ftone-fruit  from  it.  But,  for 
fruits  of  very  different  natures,  to  be  profperoufly  nourifhed  by  the  fame 
ftock,  is  fo  difficult,  that  we  can  only  reckon  it  among  contingent  experi- 
ments : for  tho*  both  Pliny  and  Baptijla  Porta , relate  their  having  feen  an 

* To  this  general  Purpofe,  we  may  obferve  fiances,  Aqua  regia  will  diiTolve  Silver.  See 
with  M.  Homberg , that,  in  certain  circum-  the  Trench  Memoirs  for  the  year  1706,/.  128. 
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example  of  it  •,  and,  tho  the  great  Dr.  Ward  affures  me,  he  has  particularly 
taken  notice  of  pears  growing  upon  an  apple-tree;  yet,  certainly  this  expe^ 
riment  has  been,  for  the  moft  part,  but  very  unprofperoufly  attempted  ; 
nor  have  I yet  ever  feen  it  fucceed,  tho  try’d  with  very  great  care  and  in- 
duftry.  And  in  the  fame  garden,  where  I gathered  the  apricocks  and 
plumbs  above-mentioned,  I faw  the  ciens  of  a pear-tree,  fo  fkilfully  grafted 
upon  an  apple-flock,  that  it  flourifh’d  with  bio  (Toms  in  the  fpring  ; arid 
gave  me  great  hopes,  that  it  would  bear  fruit  the  laft  fummer ; but  it  has 
baulk’d  my  expe&ation : as  many  other  plants,  fo  grafted  in  the  lame  gar- 
den, have,  for  many  years,  deluded  the  fkilful  mailer  of  it ; who  affures 
me,  that  tho  feveral  of  them  did,  for  fome  years  fuccefilvely,  afford  promi- 
fmg  blolfoms,  yet  they  all  decay’d  without  yielding  any  fruit.  This  feems 
fomewhat  llrange,  becaufe  we  have  gather’d  pears  from  a fnoot  affirmed  to 
have  been  grafted  upon  a quince-tree  ; and  Kircher  tells  us,  46  ’tis  found  by 
tc  experience,  that  a peach  grafted  upon  a mulberry,  will  profper  and  bear 
“ fruit.”  And  we  daily  fee,  that  as  little  as  a white-thorn  and  a pear-tree  feem 
allied,  a cien  of  the  latter  will  profper  very  well,  grafted  upon  the  Hock  of 
the  former. 

To  contingent  experiments,  we  may  refer  what  is  deliver’d  by  thofe,  who 
affirm,  that  if  a lixivium  made  of  the  fixed  fait  of  a Plant,  be  frozen ; there 
will  appear  in  the  ice  the  image  of  the  fame  plant : for  we  have  frequently 
made  this  experiment  without  the  promifed  fuccefs  * and  neither  a folution  of 
the  fait  of  wormwood  in  fair  water,  nor  the  decodlion  of  that  plant,  would, 
when  frozen,  exhibit  any  thing  like  its  figure  in  the  ice.  ’Tis  common,  in- 
deed, to  find  thefe  liquors,  folutions  of  fugar,  fait,  &c.  frozen  into  odd 
figures  ; and  even  common  water  will  do  the  fame : which  need  not  be 
wonder’d  at ; fince  it  glides  thro’  earths  abounding  in  faline  particles  of 
particular  natures : whence,  perhaps,  it  is,  that  dyers  find  fome  waters  very 
fit,  and  others  very  unfit,  for  their  purpofcs.  Yet,  becaufe  two  or  three 
fober  writers  ferioufly  relate  fome  flories,  of  this  nature,  upon  their  own  ob~ 
fcrvation,  I am  content  to  rank  their  experiments  rather  among  the  contin- 
gent, than  the  abfolutely  falfe  ones  : for  it  is  poffible,  that  among  the  many 
figures  which  frozen  liquors  fometimes  put  on,  there  may  be  fomething  fo 
like  a particular  plant,  that,  view’d  with  a favourable  eye,  it  may  feem  to 
exhibit  the  picture  of  the  calcined  vegetable.  Setting  a fine  green  folution 
of  good  verdigreafe  to  freeze,  infnowand  faft,  that  containing  much  of  the 
faline  parts  of  the  grapes,  coagulated  upon  the  copper  they  corroded  ; I 
obtain’d  an  ice  of  the  fame  colour,  wherein  appeared  leveral  liltle  figures,  fo 
like  to  vines,  that  we  were  fomewhat  furpriz’d  at  the  experiment.  And 
what  encreas’d  our  wonder,  was,  that,  another  part  of  the  fame  folution  frozen 
in  a different  vial  by  the  bare  cold  of  the  air,  afforded  us  an  ice  angularly  fi- 
gur’d, but  not  at  all  like  that  made  by  the  application  of  fnow  and  fait. 
And  having,  for  further  fatisfadlion,  fuffer’d  that  ice,  wherein  t e vines 
appear’d,  to  thaw  of  itfelf,  and  then  to  freeze  a fecond  time  in  the  fame  vial, 
after  the  fame  manner  ; we  could  not  difcern  in  the  fecond  ice,  any  thing 
like  that  we  had  %dmired  in  the  firft.  And  in  wine  and  vinegar,  as  much 
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as  thofe  liquors  partake  of  the  nature  of  the  vine,  we  never,  after  congela- 
tion,  obferv’d  any  peculiar  refemblance  thereto. 

The  experiment  of  burning  with  ice,  as  with  a glafs-lens,  tho’  prefcribed 
without  any  notice  taken  of  the  difficulty  in  it,  yet,  both  we  and  others, 
who  have  induftrioufly  try’d  it,  meet  with  fuch  difcouraging  circumftances 
therein,  efpecialiy  from  the  unequal  texture  of  mod  ice,  that  it  may  well 
be  referred  to  thofe,  whofe  conflant  fuccefs  is  not  to  be  rely’d  on.  In  the 
trade  of  dying,  there  is  fcarce  any  ingredient  of  fo  great  and  general  ufe, 
as  woad  *,  for  tho’,  of  itfelf,  it  dyes  but  a blue,  it  is  ufed  to  prepare  the 
cloth  for  green,  and  many  other  fadder  colours,  when  they  are  defign’d  to 
be  permanent,  and  not  to  fade : but  in  boiling  of  it,  to  make  it  yield,  or 
ftrike  its  colour,  there  are  fome  critical  times,  and  other  circumftances,  to 
be  obferved  *,  an  eafy  miftake  wherein  often  defeats  the  dyer’s  expedlation, 
to  his  very  great  lofs  *,  which,  fometimes,  he  knows  not  to  what  he  fhould 
impute  it:  and  of  this,  I have  heard  feveral  of  them  complain.  And,  there- 
fore, many  of  our  lefs  expert  dyers,  to  avoid  thofe  hazar  ds,  leave  off  the  ufe 
of  woad,  tho’  growing  plentifully  in  England ; and,  inftead  of  it,  employ  in- 
digo, tho’  it  coft  them  dearer,  as  being  brought  hither  from  Spain , Barba - 
doe s.,  or  the  Eaft- Indies. 

Our  London  refiners,  when  to  part  filver  and  copper,  they  diftolve  the 
mixture  of  them  in  Aqua  fortis , afterwards  greatly  dilute  the  faturated  men- 
ftruum  with  fair  water,  and  then  with  copper-plates,  ftrike  down  the  fil- 
ver. But  becaufe  much  copper  thus  remains  in  the  menftruum  ; that  the 
liquor  may  be  improv’d  to  the  beft  advantage,  they  pour  it  upon  what  they 
call  whiting  *,  that  is,  white  chalk  or  clay,  finely  powder’d,  cleans’d,  and 
made  up  into  balls,  wherewith  the  tinged  parts  incorporating  themfelves, 
will,  in  fome  hours,  conftitute  a fort  of  verditer  fit  for  painters,  &c.  lea- 
ving the  reft  of  the  menftruum  an  indifferently  clear  liquor  * whence  they 
afterwards,  by  boiling,  obtain  a kind  of  falt-petre,  fit,  with  the  addition  ©f 
vitriol,  to  yield  them  a new  Aqua  fortis.  But  fometimes  the  refiners  cannot 
make  this  verditer  for  a great  while  together,  yet  know  not  whence  their 
inability  proceeds.  Of  this  contingency,  I lately  heard  one  of  the  moft  emi- 
nent of  them  complain  *,  tho’,  for  his  part,  he  had  found  a remedy  for  it : 
which  is,  to  warm  the  menftruum  well  before  it  be  poured  on  the  whiting, 
whereon  the  tinged  parts  would  then  fallen,  tho’  not  when  poured  on  cold. 

One  of  the  overfeers  of  the  chief  copperas-works  we  have  in  England , 
allured  me,  that  by  the  miftake  or  negledl  of  a circumftance,  in  point  of 
time,  they  had  frequently  loft  fome  thoufand  pounds  weight  of  vitriol  at  a 
time  *,  which  would  degenerate  into  an  un&uous  fubftance,  not  to  be  reduced 
into  good  vitriol  again,  tmlefs  by  the  tedious  way  of  throwing  it  abroad, 
and  expofing  it,  with  the  unprepared  ftones,  to  the  rain  and  fun,  to  be 
open’d  a-new,  and  fitted  to  yield  it,  after  the  fame  manner  with  thofe  crude 
minerals. 

« Jofephus  Ac4jla>  who  diligently  furvey’d  the  famous  mines  of  PeiUy  and, 
for  one  who  was  not  a chymift,  has  deliver’d  many  confiderable  and  judi- 
cious obfervations  about  them,  fays,  “ it  is  ftrange  to  fee,  not  only  the  diffe- 
Vol.  I.  A a “ rencc 
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“ rence  betwixt  the  refining  of  metal  by  fire,  and,  without  it,  by  quickfilver; 

“ but  alfo,  how  fome  of  thefe  metals  refined  by  the  fire,  will  not  melt,  when 
“ that  is  blown  with  any  artificial  wind,  but  requires  the  natural  air.  The 
“ metal  of  the  mines  of  Porco fays  he,  “ is  eafily  refined  with  bellows ; 

46  whilft  that  of  the  mines  of  Potozi  cannot  be  fufed  with  bellows  ; but  only 
“ by  the  breath  of  their  fmall  furnaces,  built  upon  the  fides  of  mountains, 

“ dire&ly  where  the  wind  lies  : and  tho’  it  be  hard  to  affign  a reafon  of  this 
44  difference,  yet  the  thing  is  certain,  and  confirm’d  by  long  experience.” 

If  any  trade  obliges  the  artificer  thoroughly  to  underftand  the  manage- 
ment of  the  materials  employ’d  therein,  it  is  that  of  glafs-making ; yet, 
even  in  the  moil  ordinary  operations  of  this  art,  there  happen,  now  and  then, 
little  accidents,  which,  tho’  they  know  not  well  what  to  afcribe  to,  are  yet  ca- 
pable of  hindring  them  from  performing  what  they  have  done  athoufandtimes. 
An  eminently  fkilful  workman,  whom  I had  purpofely  engaged  to  make  fome 
veffels  that  required  more  than  ordinary  dexterity,  was,  lately,  unable  to 
make  metal  tolerably  fit  to  be  ufed  *,  and  therefore  he  defired  me  to  come 
again  another  day,  when  he  would  try  to  retrieve  his  misfortune.  But,  re- 
turning by  appointment,  his  metal  again  prov’d  unferviceable  * and  inftead 
of  being  colourlefs  when  cold,  it  feem’d  ftain’d  with  blue  and  yellow,  and 
was,  befides,  too  brittle ; fo  that  it  need  be  no  fuch  wonder,  if  philofo- 
phers  and  chymilf  ^fometimes  mifs  the  expedbed  event  of  an  experiment 
but  feldom  try’d ; fince  tradefmen  themfelves  cannot  always  accomplilh 
what,  if  they  were  not  able  frequently  to  perform,  they  could  not  fubfifl. 

It  is  affirmed  by  Helmont , and  others,  who  treat  of  the  Lapides  cancrorumy 
that  they  grow  within  the  fkulls  of  craw-filhes  *,  but  I have  known  good  ana- 
tomifts  complain,  that  they  have  there  fought  them  in  vain  *,  yet  we  have 
often  taken  thofe  ftony  concretions  out  of  the  heads  of  fuch  fifh*.  But 
paffing  lately  thro’  Hungerfordy  a town  famous  for  craw-filh,  we  made  dili- 
gent enquiry  into  their  nature^  and  were  there  inform’d,  that  the  concre- 
tions above-mentioned,  are  to  be  found  in  their  heads,  only  about  that  fea- 
fon  of  the  year  wherein  they  fhift  their  fhells  •,  and  that  at  other  time$,  fe- 
veral  perfons  had  in  vain  endeavour’d  to  obtain  them.  And,  indeed,  having 
at  the  lafi:  time  of  my  being  there,  about  the  latter  end  of  Juney  caus’d 
many  of  the  larger  fort  to  be  taken  out  of  the  water,  we  found  thofe  little 
ftones  in  the  head  of  but  one  of  them  •,  tho’  about  a fortnight  before,  we 
had  taken  out  of  the  ufual  part  of  their  heads,  feveral  fuch  concretions,  as 
to  magnitude  and  fhape ; but  fo  foft,  that  we  could  eafily  crulh  them  be- 


* We  are  aflured  by  Monf.  Geojroy,  from 
bis  own  obfervation,  that  the  ftones  taken 
out  of  the  heads  of  craw-fifo,  belong  not  to 
the  brain,  but  the  ftomach  of  the  creature, 
which  lies  underneath  ; that  they  do  not  fup- 
ply  matter  for  a new  fhell,  but  are  to  be  found 
after  the  fhell  is  formed ; that  the  animal,  in 
changing  its  fhell,  changes  alfo  its  ftomach, 
and,  perhaps,  its  inteftinesj  that  thefe  ftones 
appear  not,  but  at  the  time  of  their  annual 


change  of  fhell,  when  they  are  weak,  fick, 
and  ceafe  to  feed  ; that  afterwards,  the  ftone  is 
furrounded  with  a new  ftomach,  and  dimi- 
nifhes  infenfibly,  ’till  it  entirely  difappears  ; 
and,  laftly,  that  thefe  ftones,  with  the  mem- 
brane of  the  old  ftomach,  ferve  to  nourifh  the 
animal,  during  its  ficknefs,  upon  its  change  of 
fhell.  Memoir*  de  rAcadem.  Roy.  A.  1709* 
p.  409.. 
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twixt  our  fingers.  And  certainly,  miftakes  in  point  of  time,  have  greatly 
prejudiced  the  reputation  of  many  truths.  Afellius  ingenuoufly  acknow- 
ledges, he  had  nearly  mifs’d  the  difcovery  of  the  hdteal  veins,  becaufe,  ha- 
ving at  firft  fufpe&ed  thofe  unlook’d-for  white  vefTels,  which  he  ook  notice 
of  in  the  mefentery  of  a dog,  differed  alive,  to  be  fome  irregular  ramifi- 
cations of  nerves  *,  he  was  much  confirm’d  in  his  conjedhire,  by  the  next 
dog  he  open’d  : for  taking  him  at  an  inconvenient  time,  after  teeding,  the 
(lender  vefiels  he  look’d  for,  being  deftitute  of  chyle,  were  not  confpi- 
cuous;  fo  that  he  had  loft  the  benefit  of  his  firft  lucky  obfervadon,  had  not 
his  fagacity  led  him  to  fufpedt,  that  if  a dog  were  plentifully  fed,  at  a con- 
venient diftanceof  time  before  difledtion,  the  vefTels,  fwell’d  v ith  alimental 
juice,  would  be  more  difcernible : and,  in  purfuance  of  this  conjecture,  he 
made  that  famous  difcovery  of  thofe  veins. 

We  may  fay,  in  the  general,  that  fuch  circumftances,  as  are  very  difficult 
to  obferve,  or  feem  to  be  of  no  concern  in  an  experiment,  may  yet,  in  many 
cafes,  have  a great  influence  in  the  event  of  it.  If  on  either  pole  of  a good 
arm’d  load-ftone,  you  gently  draw  the  back  of  a knife,  which  has  not  be- 
fore receiv’d  any  magnetic  influence;  you  may  obferve,  that  if  the  point 
of  the  blade  have,  in  this  motion,  pafied  from  the  equator  of  the  ftone  to- 
wards its  pole,  it  will  attradl  one  of  the  extremes  of  a librated  magnetic 
needle:  but  if  you  take  another  knife,  that  has  never  been  invigorated,  and, 
upon  the  fame  pole  of  the  load-ftone,  thruft  the  back  of  it  from  thence  to- 
wards its  equator,  the  point  of  the  knife  will,  by  this  bare  difference  of 
pofition  in  the  blade,  acquire  fo  different  a magnetic  property,  or  polarity, 
from  that  which  was  given  to  the  former  knife,  by  the  fame  pole  of  the 
load-ftone,  that  it  will  not  attradl,  but  rather  feem  to  repel  that  end  of  the 
magnetic  needle  which  was  attracted  by  the  point  of  the  other  knife.  This 
improbable  experiment  we  have  made,  not  only  by  pafiing  (lender  irons  upon 
the  extremities  of  arm’d  load-ftones,  the  breadth  of  whofe  fteel-caps  may 
render  it  fomewhat  lefs  ftrange  ; but  even  by  affriCtions  of  fuch  irons  upon 
the  pole  of  a naked  terella.  But  how  far  this  furprizing  obfervation  infi- 
nuates  the  operations  of  the  load-ftone,  to  be  perform’d  by  ftreams  of  fmall 
particles,  perpetually  iffuing  out  of  one  of  its  poles,  that,  after  wheeling 
about,  re-enter  at  the  other,  we  (hall  not  now  examine ; tho*  this  feems  one 
of  the  mod  likely  phenomena  we  have  met  with,  to  hint  a probable  mag- 
netical  hypothefis.  But  hence  it  plainly  appears,  how  great  an  influence  a 
circumftance,  which  none  but  a magnetic  philofopher  would  take  notice  of, 
may  have  on  an  experiment. 

Artificers  give  very  different  tempers  to  fteel,by  holding  it  in  the  flame,  or 
heat,  for  different  minutes  of  time.  I have  a graver,  faid  to  be  of  DamafcoUcc  1, 
whofe  temper  is  fuch,  that  I cannot  let  it  down  by  any  art ; tho’  one,  who  has 
had  the  opportunity  of  making  more  than  ordinary  enquiry  into  matters  of  this 
nature,  afliires  me,  he  can  eafily  foften  this  kind  of  fteel,  by  only  taking  itoff  the 
fire  at  a certain  juncture  of  time  ; differing  from  that  obferv’d  in  foftning  the 
common  gravers.  And  who  knows,  but  that  in  many  other  experiments, 
feemmgly  defpicable  and  unheeded  circumftances  may  be  ofgrcat  moment;tho’, 
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thro*  want  of  particular  obfervations,  men  have  not  generally  taken  notice 
of  their  importance. 

Many  planters  have,  with  wonder,  obferv’d,  that  fome  grafts  of  cherry- 
trees*  for  example,  have  yielded  fruit  the  fame  year  wherein  they  were  graft- 
ed ; (as  I have  obferved  fome  plants  to  bear  in  the  fame  quarter  of  the  year) 
and  others  not  ’till  the  year  after  their  infition  *,  tho*  neither  in  the  goodnefs 
of  the  graft,  nor  in  that  of  the  flock,  they  had  remark’d  any  difparity,  to 
which  this  difference  could  be  afcribed  *,  and,  therefore,  the  bearing,  or  not 
bearing  of  the  ciens  of  a cherry-tree,  the  firffc  year  of  its  infition,  is,  by  them* 
look’d  upon  as  a thing  merely  contingent.  Yet,  lam  inform’d,  by  the  trials 
of  more  than  one  of  the  mofl  fkilful  and  experienc’d  grafters  of  thefe  parts, 
that  a man  fhall  feldom  fail  of  cherries  from  the  graft,  the  fame  year  in  which, 
the  infition  is  made,  if  he  take  care  the  graft  be  of  a good  kind,  and  have 
bloffom-buds  upon  it*,  but  if  they  were  only  leaf- buds,  it  will  not  bear ’till 
the  fecond  feafon.  And  to  difcern  fuch  buds  as  are  fit  to  produce  bloffoms, 
from  fuch  as  will  difplay  themfelves  only  in  leaves,  is  no  difficult  matter  ; 
the  former  fort  being  more  full,  large,  and  round  than  the  latter,  which  alfo 
lie  more  fiat  and  clofe  to  the  graft. 

By  the  Virgula  divinatoriaYxxv&x\f  mmeralifls  pretend  to  difcover  the  latent 
veins  of  metals.  Some  ufe  a forked  hazel,  whofe  horns  they  hold  by  the 
ends,  one  in  each  hand  : and  others  content  themfelves  with  a hazel-rod  of 
the  fame  year’s  fhoot,  which  they  bind  on  to  another  flreight  flick  of  any 
other  wood  *,  and  walking  foftly  with  it  over  thofe  places  where  they  fuf- 
peCt  metals  to  be  conceal’d,  they  fay,  that,  if  they  pafs  over  a metalline 
vein,  the  wand  will,  by  dipping  there,  difcover  it.  And  I know  fome 
who  affirm,  that  by  holding  metals  fucceffively  in  that  hand  where  the  rod 
is,  it  may  be  difcover ’d  what  determinate  metal  predominates  in  the  vein 
for  that  when  the  metal  wherewith  the  mine  chiefly  abounds,  is  held  in  the 
fame  hand,  the  wand  will  manifeflly  bow  more  flrongly,  than  when  it  is 
held  in  conjunction  with  any  other  metal.  What  to  determine,  as  to  the 
truth  of  this  experiment,  I know  not : for  Agricola  himfelf,  after  a long  de- 
bate concerning  it,  tells  us,  that  an  honefl  metallifl  will  not  ufe  this  rod  ; 
and  that,  if  he  be  fkilful,  he  may  do  without  it  *,  “ tho’  indeed,  fays  he,  it 
“ does  afford  fome  aClual  frgns  of  veins.”  Kircher  informs  us,  that,  having 
exactly  try’d  the  experiment  with  metals,  he  could  not  find  it,  in  any  mea- 
fure,  to  fucceed : and  we  ourfelves,  having  feveral  times  made  trials  of  it  in 
the  prefence  of  the  mofl  confident  affertors  of  its  truth,  could  not  be  fatif- 
hed,  that  the  wand  did  fland  either  to  the  metals  placed  under  it,  or  to  the 
metalline  veins,  when  carry ’d  over  mines  whence  metalline  ore  was  at  that 
very  time  digging  out.  But,  on  the  other  fide,  many  eminent  authors,  and 
even  our  diligent  country-man  Gabriel  Plat,  afcribes  very  much  to  this  de- 
tecting wand  * and  many  perfons,  in  other  things  very  far  from  credulous, 
have,  as  eye-witneffes,  folemnly  afferted  the  truth  of  the  experiment  to 
me.  And  one  gentleman,  who  lives  near  the  lead-mines  in  Somerfetjhire, 
leading  me  over  thofe  parts  of  them  where  we  knew  there  run  metalline 
veins,  made  me  take  notice  of  the  inclination  of  the  wand  when  we  pafs’d 
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over  a vein  of  ore  *,  and  protefted  that  the  motion  of  his  hand  did  not  at  all 
contribute  to  the  inclination  of  it  *,  but  that  fometimes,  when  he  held  it  very 
fall,  it  would  bend  fo  ftrongly,  as  to  break  in  his  hand.  And  to  convince 
me  that  he  believed  himfelf,  he  did,  upon  the  promifes  made  him  by  his 
dipping-rod,  put  himfelf  to  the  great  charge  of  digging  in  untry’d  places 
for  mines.  Among  the  miners  themfelves,  I found  fome  who  made  ufe  of 
this  wand,  and  others  that  laugh’d  at  it.  This  I mult  take  notice  of,  as 
peculiar  to  the  experiment,  that  the  moft  knowing  patrons  of  it  confefs^ 
that,  in  fome  mens  hands  it  will  not  fucceed:  fome  hidden  property  in  him 
who  ufes  the  wand,  being  able,  as  they  fay,  to  overpower  and  hinder  its 
inclinatory  virtue.  To  which  I mult  add,  what  a very  famous  chymift,  who 
affirms  himfelf  to  have  try’d  many  other  things  with  it,  befides  thofe  that  are 
commonly  known,  very  folemnly  profefs’d  to  me,  upon  his  own  knowledge, 
that,  in  the  hands  of  thofe  very  perfons  wherein  the  rod  will  work,  there  are 
certain  unlucky  hours,  govern’d  by  particular  planets  and  conftellations,  du- 
ring which,  it  will  have  no  effeCt.  But  of  this  experiment  I muft  fay,  as  I 
do  in  all  doubtful  cafes,  that  thofe  who  have  feen  it,  may  much  more  rea- 
fonably  believe  it,  than  thofe  who  have  not. 

*Tis  not  only  in  experiments,  but  obfervations  alfo,  that  much  may  b z obfer*vations 
aferibed  to  contingency  •,  witnefs  the  great  variety  in  the  number,  magnitude,  contingent , as 
pofition,  figure,  of  the  parts  of  a human  body,  taken  notice  of  by  anato-  •well as  expert 

mical  writers;  about  which  many  errors  would  have  been  deliver’d,  if  thew™a 
frequency  of  diffeCtions  had  not  enabled  men  to  difeern  betwixt  thofe 
things  that  are  generally  and  uniformly  found  in  anatomiz’d  bodies,  and 
thofe  which  are  but  rarely  met  with.  I was  lately  prefent  at  a diffeCtion, 
where  we  obferv’d,  that  the  interval  betwixt  two  ribs,'  was,  near  the  back- 
bone, fill’d  up  with  a thick  bony  fubftance,  which  feem’d  to  be  an  ex- 
panfion  of  the  ribs,  and  appear’d  not  to  have  grown  there  upon  occafion 
of  any  fra&ure,  or  other  mifchance.  Near  the  fame  time,  being  at  a pri- 
vate diffeCtion  of  a large  young  body,  an  ingenious  profeffor  of  anatomy, 
there  prefent,  chancing  to  cut  a great  nerve,  fpy’d  in  the  fubftance  of  it  a little 
of  a very  red  liquor  ; but,  concluding  it  to  be  blood,  I prefently  fufpeCted, 
that  it  might  proceed  from  fome  fmall  unheeded  drop,  taken  off,  by  the 
brufhy  fubftance  of  the  nerve,  from  the  knife  wherewith  it  was  cut. 

Wherefore,  carefully  wiping  a differing  knife,  I cut  the  nerve  afunder  in 
a different  part,  and  found  another  very  little  drop  of  pure  blood  in  the 
fubftance  of  it,  as  before.  This  I did  again,  elfewhere,  with  like  fucceft ; 
and  Ihew’d  it  to  the  by-ftanders,  who  were  furpriz’d  to  fee  a blood-veffel 
in  the  body  of  a nerve.  This  I the  lefs  admir’d,  becaufe  I have,  in  the 
retina  of  an  oxe’s  eye  or  two,  obferv’d  little  turgent  veins,  manifeftly  full  of 
blood. 

We  farther  obferv’d,  in  the  fame  body  where  we  took  notice  of  die 
irregular  conjunction  of  two  ribs,  that  the  lungs,  which  were  very  found, 
had  a fupernumerary  lobe  on  one  fide,  which  differ’d  fo  little  from  the 
others,  that  we  did  not,  ’till  we  had  difplay’d  the  whole,  take  notice  of  it. 

And  1 remember,  in  another  diffeCtion,  the  lungs,  which  otherwife  ap- 
pear’d 
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pear’d  found,  feeming,  in  feveral  places,  to  be  fatten’d  to  the  ribs;  two  in- 
genious anatomifts  prefent,  affirm’d,  the  one,  that  he  had  never  feen  any 
lungs,  unlefs  exceffively  morbid,  adhering  to  the  thorax  ; and  the  other, 
that  he  had  fcarce  ever  open’d  a difeafed  body,  wherein  the  lungs  did  not 
thus  adhere. 

Many  eminent  authors  declare,  they  have  feldom  fail’d  to  find  the  token 
of  virginity  among  feveral  females  of  their  differing  ; whiltt  many  other 
very  eminent  and  experienced  artifts  peremptorily  profefs,  they  have  feldom 
or  never  found  it  in  perfons  of  the  mott  undoubted  chaftity : and  certainly 
it  is  very  ftrange,  that,  about  a matter  which  feems  fo  eafily  determinable 
by  fenfe,  accurate  and  fober  men  fhould  fo  widely  difagree. 

Tho’  Dr.  Harvey , and  Dr.  Highmore , both  infift  on  the  production  and 
changes  obfervable  in  hens  eggs,  as  the  patterns  whereto  the  generation  of 
other  animals  may  be  referr’d:  yet,  in  the  progrefs.of  nature  in  the  formation 
of  a chick,  we  have  often  obferv’d  confiderable  variations,  in  point  of  time, 
and  other  circumftances,  from  what  they  deliver.  And  this  diverfity  may 
eafily  proceed  from  the  different  conftitutions  of  hens,  their  differing  affiduity 
in  fitting  on  their  eggs,  the  different  qualifications  of  the  eggs  themfelves, 
and  feveral  other  particulars  of  the  like  nature.  And  taking  notice  of  this 
to  Dr.  Highmore , he  readily  acknowledg’d,  that  he  himfelf  had,  likewife,  ob- 
ferv’d feveral  circumftances  in  eggs,  whiltt  they  were  hatching,  which  va- 
ried from  thofe  fet  down  in  his  book  ; tho’  he  had  there  accurately  ex- 
prefs’d  the  changes  he  difcern’d  in  thofe  eggs,  which,  at  that  time,  afforded 
him  his  obfervations.  And*,  indeed,  there  are  certain  things  of  fuch  n na- 
ture, that  the  accuracy  of  fcarce  any  fingle  man,  in  making  an  obfervation 
about  them,  can  fecure  him  from  appearing  unfkilful,  or  unfaithful  in  it, 
unlefs  thofe  who  fhall  afterwards  examine  the  thing,  fhew  more  than  ordi- 
nary equity  and  figacity. 

He  who  firft  affirm’d,  that  a needle  invigorated  by  a load-ftone,  conftantly 
turn’d  its  extremes  to  the  oppofitc  poles  of  the  earth,  could  fcarce  fufped: 
himfeif  of  having  deliver’d  any  thing  which  he  had  not  carefully  try’d  : 
yet  which  of  thofe  two  excellent  pilots,  Oviedo  and  Cabot , firft  in  America 
compar’d  the  meridian  line,  afforded  by  magnetical  needles,  with  one  ma- 
thematically drawn,  and  thereby  obferv’d  the  variation  of  the  needle,  or 
its  declination  from  the  true  meridian,  might  eafily  conclude  our  former 
obferver  miftaken.  And  this  fecond  obfervation  might  appear  to  have  been 
as  carelefiy  made  to  an  hundred  other  obfervers,  if  navigation  had  not 
made  it  appear,  that  the  declination  of  the  needle  is  far  from  being  the 
fame  in  all  places  : for  tho*  Cardan  affirms  the  load-fton.e  to  decline  as  many 
degrees,  as  the  pole-ftar  is  diftant  from  the  pole  of  the  world  ; yet  common 
experience  fufficiently  manifefts  the  falfity  of  that  affertion.  For  about  the 
ifiands  of  the  Azores , efpecially  that  of  Corvo , over  which  the  firft  meri- 
dian is  fuppofed  to  pafs,  the  magnetic  needle  hath  been  obferv’d  to  refpedt 
the  poles,  without  any  fenfible  declination  from  them ; but,  in  other  places, 
it  varies  lometimes  eaftward,  fometimes  weftward,  more  or  lefs  ; fo  that 
our  venturous  countryman.  Captain  James , obferv’d  it,  in  63  degrees,  north 
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latitude,  to  be  no  lefs  than  27*  48 r.  And  a late  learned  mathematical 
writer  makes  the  declination,  at  Davis’s  ftreights,  to  amount  to  what  is 
almoft  incredible,  50°.  Nay,  this  deflection  of  the  needle,  lometimes  to 
one  fide  of  the  meridian,  fometimes  to  the  other,  happens  with  fo  much 
irregularity,  that  both  Kircher , and  other  magnetical  writers,  almoft  defpair 
of  reducing  the  obfervations  of  this  kind  to  any  general  hypothefis.  And 
a great  failor  afiur’d  me,  that  near  the  coaft  of  Greenland , he  found  the 
variation  of  the  compafs  to  be  220.  and  not  very  long  after  to  be  fcarce  any 
at  all  *,  which  ftrange  alteration  he  knew  not  what  to  make  of.  And  per- 
haps very  few,  even  of  the  exacted:  of  thefe  obfervations,  made  an  age  fince, 
would  now  appear  accurate  to  thofe  who  fhould  examine  them  in  the  very 
fame  places,  and  the  very  fame  manner,  wherein  they  were  formerly  made. 
So  that  the  moft  diligent  of  thofe  obfervers  would  appear  negligent  to  us, 
if  the  fagacity  of  fome  of  their  fuccefiors  had  not  prompted  them  to  fufpeCt, 
that  even  upon  the  fame  fpot,  the  needle’s  variation  may  vary.  And  hav- 
ing, not  long  fince,  inquired  of  an  excellent  Englijh  mathematician,  what 
he  had  obferved  concerning  this  alteration  of  the  needle’s  variation  ; he  told 
me,  that  by  comparing  of  ancient  obfervations  with  thofe  made  by  him- 
felf,  and  other  accurate  mathematicians  at  London , he  had  found  the  decli- 
nation conftantly  to  decreafe  ; and,  as  he  conjectured,  12  or  13  minutes  in 
a year  *.  And  it  will  be  yet  more  difficult  to  fet  down  any  obfervation  of 
this  nature,  which  fhall  appear  exaCt  to  pofterity,  if  that  ftrange  thing  be 
true,  which  was  related  to  Kircher , by  a friend  of  his,  who  affirms  himfelf 
to  have  obferv’d  a notable  change  of  the  needle’s  variation,  at  Naples , after 
a great  fiery  eruption  of  the  neighbouring  mountain  Vefuvius  which  al- 
teration he  rationally  fufpeCts  to  have  proceeded  from  the  very  great  change 
made  in  the  adjacent  fubterraneal  parts,  by  that  great  conflagration.  And,  it 
feems,  the  fame  obfervation  has  been  elfewhere  made  by  mathematicians.  For 
Fournier  tells  us,  that,  fince  the  great  burnings  of  Vefuvius , the  declina- 
tion has  notably  chang’d  in  the  kingdom  of  Naples.  And  the  fame  author 
fays,  there  are  perfons,  who  have  obferv’d,  that  the  fame  needle,  which 
declin’d  50.  upon  the  furface  of  the  earth,  being  carry’d  down  very  low, 
into  certain  caves,  declined  quite  otherwife  •,  tho’,  poffibly,  thofe  who 
made  the  obfervation,  might  be  miftaken,  without  fufpeCting  it  themfelves. 
For  I ffiould  fcarce  have  imagined,  unlefs  my  own  particular  obfervation  had 
inform’d  me,  in  how  great  a variety  of  ftones  and  other  foffils,  the  ore  of  iron 
may  lurk  difguifed  : fo  that  ’tis  no  way  incredible,  that  chymifts  themfelves, 
and,  much  more,  that  mathematicians,  and  others,  not  being  aware  of  this 
particular,  may  prefume,  becaufe  they  faw  not  any  minerals,  like  the  vulgar 


* Dr.  Halley , from  confidering  the  different 
variation  of  the  needle,  in  different  parts  of  the 
terraqueous  globe, has  advanced  a very  ingenious 
hypothefis  to  foive  the  phenomena  of  it,  by  fup- 
pofing  that  the  whole  earth  is  one  great  magnet, 
having  four  magnetic  poles,  or  points  of  attrac- 


tion, two  near  each  pole  of  the  equator;  and 
that  in  the  parts  of  the  world  near  any  one  of 
thefe  magnetic  poles,  the  needle  is  govern’d 
thereby ; the  neareft  to  the  pole  being  always 
predominant  over  the  more  remote.  See  Philof, 
Tranfi  N°.  148.  p.  208. 
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iron  ore,  in  the  deep  caves  above-mention’d,  that  there  is  nothing  of  that 
metal  there  ; when,  indeed,  there  may  be  enough  to  occafion  that  deflexion 
of  the  needle,  which,  efpecially  if  it  be  ftrongly  excited,  may  be  often 
drawn  afide  by  iron,  or  other  magnetic  bodies,  at  a greater  diftance,  than 
thofe,  who  have  not  try’d,  would  fufpeCh  And  this  may,  perhaps,  be  the 
reafon,  why,  in  the  little  ifland  of  Ilva , upon  the  coaft  of  Italy , where  they 
dig  up  iron,  and  plenty  of  load-ftones,  of  which,  } have  feen  in  'T ufcany  of  a; 
prodigious  bignefs ; there  is,  in  the  neighboui*ing/places,  fuch  a Arrange  dif- 
parity  of  the  needle’s  variation,  as  curious  men  have  recorded.  But  mag- 
netical  and  anatomical  obfervations,  are  not  the  only  ones,  which  are  fub- 
jeCl  to  difagree,  without  the  negligence  of  thofe  who  make  them. 

I forbear  to  infill  on  medicinal  experiments  and  obfervations,  becaufe 
they  are  fo  numerous*  and  univerfally  fubjeCt  to  fuch  uncertainties,  that  it 
would  be  tedious.  It  is,  indeed,  much  more  difficult,  than  men  can  ima- 
gine, to  make  an  accurate  experiment  in  phyfic-,  for  often,  the  famedifeafe! 
proceeding,  in  feveral  perfons,  from  quite  different  caufes,  will  be  increas’d 
in  one,  by  the  fame  remedy  which  has  cured  it  in  another.  And  not  only 
the  conftitutions  of  patients  may  as  much  alter  the  effe&s  of  remedies,  as 
the  caufes  of  difeafes  ; but  even  in  the  fame  patient,  and  in  the  fame  dif- 
eafe,  the  Angle  circumftance  of  time,  may  have  alrnolt  as  great  an  operation 
upon  the  fuccefs  of  a medicine,  as  either  of  the  two  former  particulars; 
But,  befldes  the  general  uncertainty,  to  which  moft  remedies  are  fubjedl* 
there  are  fome  few  that  feem  obnoxious  to  contingencies  of  a peculiar  na- 
ture. Such  is  the  fympathetic  powder-,  of  which,  not  only  many  phyficians, 
and  other  fober  perfons,  have  allured  me,  they  had  fuccefsfully  made 
trial  j but  I have  thought  myfelf  an  eye-witnefs  of  its  operation : and  yet 
not  only  many  have  found  it  fail  their  expectation  -,  but  trying  fome  of  out 
own  preparing,  upon  myfelf,  I found  it  ineffectual,  and  unable  to  Hop  fo 
much  as  a bleeding  at  the  nofe  *,  yet  upon  application  of  it,  a little  before, 
We  had  feen  fuch  a bleeding,  tho’  violent,  fuddenly  Hop’d,  in  a perfon,  who 
Was  fo  far  from  contributing,  by  his  imagination,  to  the  effect  of  the  pow- 
der, that  he  derided  thofe  whom  he  faw  apply  it  to  fome  drops  of  his  blood. 
That  therefore,  the  fympathetic  powder,  and  the  weapon-falve,  are  never 
of  any  efficacy  at  all,  I dare  not  affirm  ; but  that  they  conftantly  perform 
what  is  promis’d  of  them,  I mult  leave  others  to  believe.  Pioney-root  has 
been  much  commended,  both  by  antient  and  modern  phyficians,  as  an  amu- 
let againft  the  falling- flcknefs  : yet  has  it,  by  many,  been  found  ineffectual. 
I have  been  apt  to  fufpeCl,  that  its  inefficacy  might  poffibly  proceed  from 
having  been  unfeafoftably  gather’d  and,  when  I waslaft  in  the  weft  of  Ire- 
land, acquainting  the  moft  eminent  Galenift  there  with  my  conjeClure,  he 
confirm’d  me  in  it,  by  affuring  me,  that  he  had  often  try’d  that  root,  un- 
feafonably  gather’d,  without  fuccefs  : but  having  lately  gather’d  it  under  its 
proper  conftellation,  as  they  fpeak,  which  is,  when  the  decreafing  moon 
pafles  under  Aries ; and  ty’d  it,  being  firft  flit,  about  the  neck  and  arms  of 
his  patients  ; he  had  cured  more  than  one,  whom  he  named  to  me,  of  the 
epileply.  Agreeably  hereto,  I find,  that  a famous  phyfician-  of  Grenoble , 
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Monficur  des  Grands  Prez , in  the  laft  of  his  obfervations,  communicated  to 
the  famous  River ius,  folemnly  profefies,  he  had,  feveral  times,  freed  his  pa- 
tients from  the  falling  ficknefs,  by  the  fingle  outward  application  of  piony- 
roots,  colle&ed  and  apply ’d,  as  above  mention’d.  Bur,  tho’  he  thence  in- 
fers the  ufefulnefs  of  obferving  the  ftars  in  the  pradtice  of  phyfic  •,  yet,  before 
much  ftrefs  be  laid  on  fuch  improbable  notions,  as  are  the  molt  of  thofe  of 
judiciary  aft rologers,  the  influence  of  conftellations  upon  fimples,  ought,  by 
rigorous  and  competent  experiments,  to  be  better  made  out,  than  it  hitherto 
has  been. 

But  to  leave  contingent  medicinal  obfervations  *,  I have  obferv’d,  even 
mathematical  writers,  to  deliver  fuch  obfervations,  as  do  not  regularly  hold 
true.  For  tho’  they  claim  it,  as  their  privilege,  and  glory  to  affirm  nothing, 
but  what  they  prove  by  demonftration  ; and  tho’  they  are  ufually  more  at- 
tentive and  exadf,  than  moft  other  men,  in  making  philofophical  obferva- 
tions ; yet  the  certainty  and  accuracy  of  what  they  deliver,  muft  be  re- 
ftrain’d  to  thofe  purely  mathematical  ftudies,  arithmetic  and  geometry  v 
where  quantity  is  abftradtedly  conftder’d  : for  we  are  not  to  expedt  the 
fame  accuracy,  when  they  deliver  obfervations  of  fuch  things,  wherein  mat- 
ter, and  its  properties,  muft  be  confider’d.  And,  much  lefs  fhou’d  this  be 
expedted,  when  they  deliver  obfervations  made  by  the  help  of  material  in- 
ftruments,  fram’d  by  the  hands  and  tools  of  men.  Many  modern  aftrono- 
mers  have  written  of  the  Macula  and  FacuU  of  the  fun,  fo,  as  to  perfuade 
their  readers,  that  fome  of  them  are  almoft  conftantly  to  be  feen  ; and  I 
am  willing  to  think,  that  it  was  their  having  fo  often  met  with  fuch  pheno- 
mena in  the  fun,  that  made  them  write  as  they  did  ; yet,  when  I firft  ap- 
ply’d  myfelf  to  the  contemplation  of  thefe  late  difcoveries,  tho’ I wanted 
neither  good  telefcopes,  nor  a dark  room,  to  bring  the  image  of  the  fun 
into  ; it  was  not  till  after  a great  while,  and  a multitude  of  fruitlefs  ob- 
fervations, made  at  feveral  times,  that  I could  detedt  any  of  thefe  fpots, 
which  have,  during  many  months,  appear’d  fo  much  feldomer  than,  it 
feems,  they  did  before,  that  I remember  a moft  ingenious  profeflor  of 
aftronomy,  excellently  well  furnifh’d  with  dioptrical  glafles,  about  that 
time  complain’d  to  me,  that  for  a very  long  while  he  had  been  unable  to  fee 
them.  And  as  for  the  FacuU , that  are  written  of  as  fuch  ordinary  phe- 
nomena, I muft  profefs  that  a multitude  of  obfervations,  made  with  good 
telefcopes,  at  feveral  places  and  times,  whilft  the  fun  was  fpotted,  has 
fcarce  given  me  to  fee,  above  once,  the  expedted  brightnefles. 

And,  as  the  nature  of  the  material  objedt,  regarded  by  the  mathemati- 
cian, may  thus  deceive  the  expedtations,  grounded  on  what  he  delivers  ; 
fo,  the  like  may  happen,  from  the  imperfedtion  of  the  instruments  employ’d 
in  the  fen  Able  obfervations,  whereon  the  mix’d  mathematics  depend.  This 
is  manifeft  in  the  difagreeing  computations,  that  famous  writers  have  given 
us  of  the  circumference  of  the  terreftrial  globe  *,  of  the  diftance,  and  mag- 
nitude, of  the  fixed  ftars,  and  fome  of  the  planets  •,  nay,  and  of  the  height 
of  mountains:  which  difagreement,  as  it  may  often  proceed  from  the  dif- 
ferent method,  and  unequal  fkill  of  the  feveral  observers  ; fo  in  many 

Vox.  I.  B b cafes. 


7% e Ufefulnefs  of  Philofophy. 

cafes,  it  may  be  imputed,  to  the  greater  or  lefs  exa&nefs,  and  manageable- 
nc-fs  of  the  inftruments  employ’d.  The  great  'Tycho  Brahe , who,  befides  his 
time  and  induftry,  has  beftow’d  vaft  films  on  aftronomical  inftruments,  de- 
le rves  to  be  heard  on  this  occafion.  “ A fmall  error,”  fays  he,  “ may  be  eafily 
“ committed,  even  with  the  larger  inftruments  ; and  if  the  fituation  and 
“ manner  of  ufing  them  be  not  wonderfully  exaeft,  abominable  miftakes  will 
“ be  made.  Befides  all  this,  the  inftruments  themfelves,  will,  by  ufe  and 
“ time,  degenerate : for,  unlefs  they  be  exquifitely  made  offolid  metal,  they 
“ will  fufter  changes  from  the  air  ; and,  unlefs  they  are  large,  the  divifions 
“ thereon  cannot  be  fufficiently  exadl.  Butin  this  cafe  too,  their  weight  and 
“ bulk  are  detrimental ; fo  that  hence  they  eafily  decline  from  the  proper 
<c  plane,  or  pofition,  and  grow  unmanageable.  And  therefore,  greater  pre- 
“ fedtion  is  required  in  aftronomical  inftruments,  and  greater  fk ill  to  manage 
“ them,  than  has  been  hitherto  generally  taken  notice  of.  This  we  have 
“ found  by  long  pradlice  and  experience,  and  with  no  fmall  coft  and  labour.” 

And  as  for  the  obfervations  made  at  fea,  Fournier  advertifes  us,  that  upon 
tryal  of  many  inftruments,  both  at  fea  and  a-fhore,  no  aftronomer  in  the 
world,  can  be  lure  to  make  his  obfervation  at  fea,  within  ten  minutes  of 
the  precife  truth.  And,  indeed,  the  obfervations  of  fkilful  mathematicians 
may  difagree  fo  much,  when  they  pretend  to  give  us  the  determinate  mea- 
fures  of  things,  that,  of  three  very  eminent  moderns,  who  have  taken  upon 
them  to  determine,  from  experiments,  the  proportion  betwixt  air  and  water, 
the  one  makes  not  the  weight  of  the  latter  to  exceed  that  of  the  former  a- 
bove  1 50  times  ; whilft  the  other  reckons  water  to  be  between  13  or  14 
hundred  times,  and  the  third,  no  lefs  than  10000  times,  the  heavier:  not  to 
mention  a late  famous  writer  or  two,  who  have  thought  water,  .in  compa- 
nion of  the  air,  vaftly  under-reckon’d,  even  by  this  laft  eftimate.  And, 
we  have  made  an  experiment,  relating  to  this  fubjedt,  which,  tho’  repeated 
leveral  times  in  an  hour,  yet  we  fail’d  twice  as  often  as  we  fucceeded  in  that 
time,  without  being  able  to  know  how  the  thing  would  prove  before-hand, 
within  fome  pounds  weight. 

Hence,  then  it  appears,  that  thofe  experiments  fhould  be  feveral  times  very 
carefully  try’d,  upon  which  we  mean  to  raife  confiderable  fuperftrudtures, 
either  theoretical  or  pradlical  •,  and  that  it  is  unfafe  to  rely  on  fingle  experi- 
ments, efpecially  when  minerals  are  concern’d  : for  many,  to  their  coft,  have 
found,  that  what  they  at  Hrft  look’d  upon  as  a happy  mineral  experiment, 
has  prov’d,  in  the  iffue,  the  moft  unfortunate. 

And  this  difeourfe  may,  alfo,  ferve  as  a kind  of  apology  for  fober  experi- 
mental writers,  in  cafe,  we  fhould  not  always,  upon  tryal,  find  the  expe- 
riments and  obfervations  they  deliver,  anfwer  our  expeftations.  A*id,  in- 
deed, it  would  prove  a great  difeouragement  to  wary  and  confiderate 
naturalifts,  from  enriching  the  world  with  their  obfervations,  if  they  fhould 
find,  that  their  faithfulnefs,  in  fetting  down  what  they  obferv’d,  is  not 
able  to  protedl  them  from  the  imputation  of  falfhood  ; but  that  by  publifh- 
ing  any  thing  for  the  good  of  others,  they  muft  expofe  their  reputation  to 
all  the  uncertainties  whereto  their  experiments  may  prove  obnoxious.  ’ Tis 
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true,  indeed,  ifa  writer  be  fabulous,  or  a plagiary,  and  delivers  things,  con- 
fidently, from  hearfay ; and  his  experiments,  upon  trial,  fucceed  not  •,  wc 
may  be  allow’d  to  afcribe  their  unfuccefsfulnefs  rather  to  him,  than  to  our- 
■Lives,  or  chance.  But  if  an  author,  ufually  known  to  deliver  things  upon 
his  own  knowledge,  and  who  fhews  himfelf  careful  not  to  be  deceiv’d,  and 
unwilling  to  deceive  his  readers,  fhall  deliver  any  thing,  as  having’try’d,  or 
feen  it,  which,  yet,  agrees  not  with  our  experiments  *,  ’tis  a piece  of  equity 
to  think,  unlefs  we  have  fome  manifeft  reafon  to  the  contrary,  that  he  fet 
down  his  experiment,  or  obfervation,  as  he  made  it  j tho’,  for  fome  latent 
reafon,  it  does  not  conftantly  hold  true. 

Finding  the  Lord  Verulam  to  deliver,  that  fpirit  of  wine  will  fwim  upon 
oil  of  almonds,  we  immediately  made  trial  of  it  ; but,  feveral  times,  found 
the  oil  to  fwim  upon  the  fpirit.  Our  tendernefs,  however,  for  the  reputa- 
tion of  fo  great  and  candid  a philofopher,  made  us  think,  that,  poffibly,  he 
might  have  ufed  fpirit  of  wine  more  pure  than  ordinary  •,  and,  therefore, 
having  provided  fome  that  was  well  rectified,  the  oil  readily  funk  therein, 
and  lay  quietly  at  the  bottom.  Thus,  alfo,  the  learned  Dr.  Brown  decla- 
ring, that  Aqua  for  tis  will  quickly  coagulate  common  oil,  we  put  fome  of 
thofe  liquors  together,  and  let  them  Band,  for  a confiderable  fpace  of  time, 
in  an  open  vefltl,  without  finding  any  fuch  change  in  the  oil : but,  being 
unwilling,  that  fo  candid  and  faithful  a naturalift  fhould  fuffer  in  his 
character,  we,  again,  made  the  trial  with  frefh  oil  and  Aqua  for  tis , in  a 
long-neck’d  vial,  left  open  at  the  top  ; which  we  kept  both  in  a cool 
place,  and  afterwards,  in  a digefting  furnace : yet,  after  fome  weeks, 
we  found  no  other  alteration  in  the  oil,  than  that  it  had  acquir’d  a 
high  and  lovely  tindture.  But,  at  length,  fufpedfing  our  materials,  we 
chang’d  them  ; and,  repeating  the  experiment,  found,  after  fome  hours, 
the  oil  coagulated  into  the  form  of  a whitifh  butter.  And,  perhaps,  I 
may  myfelf,  on  fome  occafions.  Hand  in  need  of  the  like  equity  I have 
been  careful  to  fhew  towards  others.  A very  fkilful  chymifr,  by  keeping 
fait  in  a vehement  fire,  for  feveral  days  and  nights  together,  and  freeing 
the  extracted  liquor  fo  carefully,  both  from  its  phlegm  and  terreftrial  feces, 
prepar’d  a fpirit  from  it*,  wherewith,  I muft  freely  confefs  I difiblv’d 
crude  gold : tho’  I could  not  find,  that  the  folutions  I made  of  that  metal 
were  red,  but,  rather,  of  a yellow,  or  golden  colour,  much  like  thofe  ob- 
tain’d by  Aqua  regis.  But,  neither  this  artift,  nor  I,  have  been  able  to 
make  another  fpirit  of  fait,  capable  of  diffolving  gold,  notwithftanding  all 
the  induftry  we  have  employ’d  about  it:  which  makes  me  refer  this  to  con- 
tingent experiments  *,  unlefs  the  profperous  event  of  our  former  trial  may 
be  afcrib’d  to  the  quality  of  the  fait  diftill’d,  which  was  brought  from  the 
ifland  of  Mayo  *,  where  the  fcorching  fun  makes,  out  of  the  lea-water,  a 
fait,  that  is  accounted  much  ftronger,  and  more  fpirituous,  than  that  of 
France , and  other  more  temperate  climates.  I once,  alfo,  inftantly  changed 
the  colour  of  common  oil,  from  a pale  yellow,  to  a deep  red,  with  a few 
drops  of  a liquor,  that  was  almolt  colourlefs.  But  this  experiment  we 
have,  feveral  times,  in  vain,  attempted  to  make  again.  And,  therefore, 
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when  I am  fatisfied  of  the  abilities  and  circumfpedion  of  a writer,  in  de- 
livering a matter  of  fad,  upon  his  own  knowledge,  I do  not,  prefently,  re- 
jed  his  obfervation,  as  untrue,  when  it  feems  to  be  contradided  by  a more 
undoubted  obfervation,  or  to  contradid  a receiv’d  and  plaufible  hypothecs,, 
or  tradition  : but,  rather  try  if,  by  a proper  diftindion,  or  limitation,  I 
can  reconcile  them  ; unlefs  there  appears  fome  caufe,  that  might  lead  him 
to  miftake  : for  there  fometimes  happen  irregularities,  contrary  to  the  ufual 
courfe  of  things ; as  is  evident  in  monfters  ; fometimes,  the  receiv’d  hypo- 
thecs will  not  hold  fo  univerfally  as  men  prefume  ; and  fometimes,  too, 
the  contradidion  betwixt  the  obfervations  may  be  only  imaginary,  and  fo 
they  may  both  be  true. 

That  fpiders  are  harmlefs  in  Ireland , is  a known  thing  in  that  country  *, 
yet  I dare  not  deny  what  the  learned  Scaliger , fomewhere,  affirms,  that  in 
Gafcony , their  venom  is  fo  pernicious,  that  they,  fometimes,  poifon  thofe 
who  tread  upon  them,  thro’  the  very  foies  of  their  ffioes.  And,  even  here 
in  England , fome  fpiders  are  venomous,  without  biting. 

It  is  generally  taken  for  granted,  that,  under  the  fame  meridian,  the 
magnetic  needle  keeps,  every  where,  the  fame  variation ; whence  many  per- 
rons, upon  reading  the  relations  of  the  Hollanders , how,  under  the  meridian, 
that  palTes  by  the  ifland  of  Corvo , where  the  needle  points  diredly  to 
the  poles,  and  which  is,  therefore,  ufually  reckon’d  the  firft  meridian,  they 
found,  at  about  46°  of  northern  latitude,  a declination  of  about  7 or  8°  : 
and,  again,  at  about  550  of  latitude,  a far  greater  number;  and  alfo,  un- 
der the  20th  parallel  of  fouthern  latitude,  in  the  fame  meridian  of  the  Azores , 
10  or  110  of  declination  ; many  perfons,  I fay,  if  they  fhould  meet  with 
thefe  particulars,  might  fuppofe  the  Hutch  to  have  been  very  bad  obfervers, 
tecaufe  fuch  obfervations  agree  not  with  the  theory  of  the  needle’s  decli- 
nation : yet,  if  we  compare  them  with  others  of  the  like  nature,  made  by 
o-ood  navigators,  and  fkilful  men,  along  other  meridians;  we  may  find  caufe, 
rather  to  rectify  the  general  opinion,  than  rejedthe  Dutch  obfervations,  for 
their  difagreeing  with  it.  The  jefuit,  Jules  Alenisy  (whom  Fournier  extols 
for  the  mod  accurate  obferver  of  the  variation,)  failing  to  China , writes 
thus.  “ You  mull,”  fays  he,  “ take  notice  of  one  thing  very  confiderable ; 
44  namely,  that  the  farther  you  go  from  the  equator,  in  the  fame  meridian, 
<c  the  greater  you  will  find  the  magnetical  variation.” 

To  conclude,  tho’,  in  the  weftern  parts,  it  has  been  obferv’d,  that,  ge- 
nerally, the  infide  of  trees  is  harder  than  the  outward  part ; yet,  Fournier , 
who  was  very  well  vers’d  in  the  fubjed,  treating  of  the  building  of  ffiips, 
gives  it  us,  for  a very  important  remark,  that  they  have  obferv’d,  at  Mar - 
feilles , and  all  along  the  Levant  ffiores,  the  wood,  next  the  bark,  to  be 
ftronger,  than  the  heart  of  the  tree. 

But  thefe  things  fhould  not  difcourage  us  from  the  vigorous  profecution 
of  our  inquiries  into  nature ; nothing  we  have  faid,  can  be  interpreted  to 
intimate  more,  than  a great  caution,  in  obferving  and  relying  on  experi- 
ments. The  phyfician  does  not  renounce  his  profeffion,  becaufe  many  of 
his  patients  are  not  cured  by  his  medicines  *,  nor  the  hufbandman  forfake 

his 
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iiis  plough,  though,  fometimes,  an  unfeafonable  (form,  or  flood,  deftroys 
his  harvefi: ; becaufe  they  both  fucceed  oftner  than  they  fail : fo  neither 
fhould  we,  by  the  contingencies  incident  to  experiments,  be  deterr’d  from 
making  them  ; becaufe  many  are  fcarce  ever  obnoxious  to  cafualties  : and 
€ven  among  thofe,  whofe  event  is  not  fo  certain,  we  may,  probably,  make 
an  experiment,  very  often,  without  meeting  with  any  unlucky  accident : 
and  fure  the  profperous  fuccefs  of  many  experiments,  will  well  reward  the 
pains  employ’d  on  a few  fuccefslefs  attempts.  And  here  too,  it  not  unfre- 
quently  happens,  that,  even  when  we  obtain  not  what  we  feek,  we  find 
fomething  as  valuable.  Thus  merchants  quit  not  their  profeflion,  becaufe 
they,  now  and  then,  lofe  a veflfel  *,  or,  frequently,  have  their  lhips  forc’d 
into  different  ports,  from  thofe  they  are  bound  for.  And  as  the  A?nerican 
navigators,  employ’d  by  the  European  merchants,  have,  fometimes,  by 
{forms,  been  forc’d  from  their  intended  courfe,  and  driven  upon  unknown 
coafts,  and  made  difcoveries  of  new  regions,  much  more  advantageous  to 
them,  than  the  faireft  winds,  or  moft  fettled  weather  ; fo,  in  philofophical 
trials,  thofe  unexpe<5ted  accidents,  that  defeat  our  endeavours,  fometimes 
caff:  us  upon  new  difcoveries^  of  much  greater  advantage  than  the  defir’d 
fuccefs  would  have  proved. 


' 
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UN  I V E R SA  L mechanics,  orphyfics  ingeneral ; which,  in  their  full  la- 
titude, include  whatever  is  knowable  of  the  univerfe,  and  its  parts',  as 
they  cannot  he  learnt,  or  taught  at  once , have,  of  necejfity,  been  refolv'd 
into  fever  al  diftintt  branches.  Many  of  thefe  branches  have  had  particular  names 
afftgn'd  them  *,  as,  geography , aftronomy , optics,  chymiftry,  medicine,  &c.  But 
that  part  of  natural  knowledge,  which  falls  dir  eClly  under  none  of thefe  grandheads, 
feems,in  amore  refrain'd  fenfe,  to  be  call'd philo fophy,  orphyfics.  This,  however , 
is  a large  part  of  univerfal philo  fophy  •,  and  appears  capable  of  affording  new  bran- 
ches offcience,  worthy  of  particular  names  \ or  of  being  join'd  to  fome  of  the  others  \ 
as  the  aflronomy  of  comets  has,  of  late, been  added  to  that  of  the  planets . And,  even , 
the  confideration  of  a Jingle  production  of  nature , or  a very few  proper  ties  of  fome  bo- 
dies, may  give  rife  to  anew  branch  of  knowledge.  Thus , the  load-flone  has  intro- 
duced magnetics  \ and  the  reflexibility,  and  rcfrangibility  of  the  fun's  rays,  the 
doCtrine  of  light  and  colours. 

As  new  properties , therefore , come  to  be  difcover'd  in  bodies,  univerfal  me- 
chanics will  be  enlarged,  and  increafe  in  the  number  of  its  parts  •,  till  at  length 
it  becomes  complete. 

Hence  it  is,  that  fo  confiderable  apart  of  Mr.  BoyleV  works  ftands  under  the 
head  of phyfics  •,  for  he  difcover'd  abundance  of  new  properties  in  bodies,  which  had 
been  but  little  confider'd  *,  at  leaft,  had  not  been  mechanically  confider'd,  before  his  time. 

The  doCtrine  of  the  fchools  had  then  perverted  philofophy , and  render'd  it  unfer- 
viceable  to  mankind.  But  Mr.  Boyle  has  abolifh'd  their  chimerical  fubftantial 
forms,  and  other  ufelefs  and  ill-grcunded  notions , by  letting  in  more  light  upon 
them  •,  and  Jhewn  us  the  true  origin  of  qualities  in  bodies : and  this  he  has  done,  by 
fuch  well  chofen  experiments , that  they  may,  at  once,  inftruCi,  delight , and  be- 
nefit the  reader. 

Indeed,  Mr.  Boyle  appears  to  have  been,  in  all  refpeCls,  one  of  the  moft  profit- 
able authors,  who  ever  treated  philofophy . He  is  not  content,  barely,  to  gain  his 
point , and  firmly  to  eftablijh  the  doCtrine  he  advances ; but  is  curious  in  the  choice 
of  the  materials  he  imploys  to  do  it  •,  and  feldomproduces  an  experiment,  ( of  which, 
yet,  he  gives  us  a furprizing  number ) to  confirm,  or  illuftrate  his  offer t ions  *,  but 
what  may,  fome  way  or  other , be  made  gainful  to  particular  perfons,  and  advan- 
V ol.  I.  C c tageous 
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tageous  to  mankind , in  general.  This,  evidently  appears,  in  fever  al  of  the  following 
ejjdys  •,  as  particularly,  when  he  treats  of  forms,  of  colours,  and  of  cold.  His  prin- 
cipal view  in  all  his  writings,  feems  to  have  been,  to  render  them  ufeful  and  inftruc- 
tive.  He  advances  no harrentheories,  or  deep  abftraft fpeculations  \ but  lays  down 
feftileprinciples , and  proves  and  illuftrates  them  by  matters  of f aft,  evident  phe- 
nomena of  nature,  and  appofite  and  fruitful  experiments. 

Thefe  experiments,  His  true,  are  often  taken  from  the  laboratory  ; andrequirea 
little  knowledge  in  chymiftry,  in  order,  fully,  to  underfiand  and  improve  them.  And  it 
were  greatly  to  be  wiftid,  that  this  art  had  a larger  fpread  and  were  more  gene- 
rally known,  at  leaf  in  it  s fundament  al  operations,  and  more  obvious  phenomena. 
The  defign  of  our  author,  in  fome  of  the  following  pieces,  was  tofhewhow  advan- 
tageoufy  chymiftry,  which,  thro ' ill  management,  had  almoft  ruin'd  philofophy, 
might  be  applied  to  the  purpofes  of  it.  A defign  which  the  great  Sir  I.  Newton 
has  executed  fo  far,  as,  by  means  of  that  art , to  account  for  moft  of  the  operations 
of  nature,  in  the  fmaller  portions  of  matter  •,  as,  by  a like  fagacity,.  he  has,  with 
univerfal  applaufe,  folved  the  phenomena  of  the  larger. 

Thus  much  for  the  author  ; I muft  next  fay  a word  to  the  abridgment . I dejire 
it  may  not  be  too  haft ily  cenfur'd,  if,  in  fome  of  the  following  pieces,  and  parti- 
cularly in  the  Origin  of  Forms,  there  is  not  that  clofenefs  offtyle  obferv'd,  which 
we,  at  other  times,  employ  ; and  which  feems  requifttein  an  abridgment . A great- 
er latitude  of expreffion  was  here  made  choice  of,,  and  fome  degrees  of  repetition  ad- 
mitted, in  order  to  initiate  and  ground  the  lefs  knowing,  in  the  principles  of  the 
true  philofophy,  by  making  all  things  as  plain  and  eafy  aspoftible.  To  have  con- 
tra fted  the  matter  clofe,  and  never  to  have  varied  the  manner  of  expreffion,  would 
have  render'd  the  doftrine  lefs  intelligible  *,  and,  confequently , lefs  generally  ufeful. 

Under  this  head  of  phy fie s,  I have  been  obliged  to  admit  a few  pieces  of  Mr. 
Boyle,  which,  tho'  properly  philofcphical,  yet,  treating  of  the  great  author  of 
the  univerfc , may,  to  fome,  appear  of  too  religious  a nature  for  the  place  affign'd 
them.  But  a very  great  philofopher  ajfures  us,  that  to  treat  of  God  from  the  phe- 
nomena of  nature,  is  a part  of  experimental  philofophy,  and  accordingly,  at  the 
dofe  of  the  Jineft  fyftem  of  that  philofophy,  which  was  ever  fubmitted  to  the  hu- 
man capacity,  he  has,  from  the  phenomena  of  the  world,  dif cover'd  more  of  its 
gr  and  author , than  we  could,  otherwife,  have  well  hoped  to  know.  And  at  the  con- 
dujion  of  another  treatife  of  a beautiful  branch  of  knowledge,  he  tells  us,  that , 
t4  if  the  whole  fyftem  of  philofophy  fo  all,  at  length,  be  perfe  fted \ the  bounds  of 
44  moral  philofophy  will,  alfo,  be  enlarged  for  fo  far  as  we  can  know  by  natural 
44  philofophy , what  is  the  firftcaufe,  what  power  he  has  over  us,  and  what  benefits 
44  we  receive  from  him  •,  fo  far  our  duty  towards  him,  as  well  as  that  towards  one. 
44  another,  will  appear  to  us  by  the  light  of  nature 
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BY  embracing  the  corpufcular,  or  mechanical  philofophy,  I am  far  The  me  chaw- 
from  fuppofing,  with  the  Epicureans , that,  atoms  accidentally  meet-  cal  Philofophy , 
ing  in  an  infinite  vacuum,  were  able,  of  themfelves,  to  produce  a aj}hat' 
world,  and  all  its  phenomena  : nor  do  I fuppofe,  when  God  had  put  into  the 
whole  mafs  of  matter,  an  invariable  quantity  of  motion,  he  needed  do  no  more 
to  make  the  univerfe  •,  the  material  parts  being  able,  by  their  own  unguided 
motions,  to  throw  themfelves  into  a regular  fyftem.  The  philofophy  I plead 
for,  reaches  but  to  things  purely  corporeal ; and  diftinguifhing  between  the 
firft  origin  of  things,  and  the  fubfequent  courfe  of  nature,  teaches,  that  God, 
indeed,  gave  motion  to  matter*,  but  that,  in  the  beginning,  he  fo  guided  the 
various  motion  of  the  parts  of  it,  as  to  contrive  them  into  the  world  he  de- 
fign’d  they  fhould  compofe  *,  and  eftablifh’d  thofe  rules  of  motion,  and  that 
order  amongft  things  corporeal,  which  we  call  the  laws  of  nature.  Thus, 
the  univerfe  being  once  fram’d  by  God,  and  the  laws  of  motion  fettled,  and 
all  upheld  by  his  perpetual  concourfe,  and  general  providence  ; the  fame 
philofophy  teaches,  that  the  phenomena  of  the  world,  are  phyfically  pro- 
duced by  the  mechanical  properties  of  the  parts  of  matter  ; and,  that  they 
operate  upon  one  another  according  to  mechanical  laws.  *Tis  of  this  kind 
of  corpufcular  philofophy,  that  I fpeak. 

And  the  firft  thing,  that  recommends  it,  is,  the  intelligiblenefs,  or  clear-  The  principles 
nefs,  of  its  principles  and  explanations.  Among  the  peripatetics,  there  ar  z of  the  mechanic 
many  intricate  difputes  about  matter,  privation,  fubftantial  forms,  their ^/^and  ir 
eductions,  &c.  And,  the  chymifts  are  puzzled  to  give  fuch  definitions,  and  telligible. 
accounts,  of  their  hypoflatical  principles,  as  are  confident  with  one  ano- 
ther, and  to  fome  obvious  phenomena  : and  much  more  dark  and  intri- 
cate, are  their  doctrines  about  the  Archeus , aflral  Beings,  and  other  odd 
notions  ; which,  perhaps,  have,  in  part,  occafion’d  the  darknefs  and  am- 
biguity of  their  expreflions,  that  could  not  be  very  clear,  when  their  con- 
ceptions were  obfcure.  And  if  the  principles  of  the  Ariftotelians , and  chy- 
mifts, are  thus  obfcure,  it  is  not  to  be  expedted,  that  the  explications,  made  by 
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Ph  y sics. the  help  of  fuch  principles,  only,  fhould  be  intelligible.  And,  indeed, 
many  of  them  are  fo  general  and  flight,  or  otherwife  fo  unfatisfadtory,  that 
granting  their  principles,  ’tis  very  hard  to  underftand,  or  admit  their  ap- 
plications of  them  to  particular  phenomena.  And,  methinks,  even  in  fome 
of  the  more  ingenious  and  fubtile  of  the  peripatetic  difcourfes,  the  authors, 
upon  their  fuperficial  and  narrow  theories,  have  adted  more  like  painters, 
than  philofophers  •,  and  only  fhewn  their  fkill,  in  making  men  fancy  they 
fee  caftles,  cities,  and  other  ftrudtures,  that  appear  folid,  magnificent,  and 
extenfive  •,  when  the  whole  piece  is  fuperficial,  artificially  made  up  of  co- 
lours, and  comprized  within  a frame.  But,  as  to  the  corpufcular  philofo- 
phy,  men  do  fo  eafily  underftand  one  another’s  meaning,  when  they  talk 
of  local  motion,  reft,  magnitude,  fhape,  order,  flotation,  and  contexture, 
of  material  fabftances  •,  and  thefe  principles  afford  fuch  clear  accounts  of 
thofe  things,  that  are  rightly  deduced  from  them  alone  ; that,  even  fuch 
peripatetics,  or  chymifts,  as  maintain  other  principles,  acquiefce  in  the 
explications  made  by  thefe,  when  they  can  be  had  *,  and  feek  no  further  : 
tho’,  perhaps,  the  effedt  be  fo  admirable,  as  to  make  it  pafs  for  that  of  a 
hidden  form,  or  an  occult  quality.  Thofe  very  Arijiotelians , who  believe 
the  celeftial  bodies  to  be  moved  by  intelligences,  have  no  recourfe  to  any 
peculiar  agency  of  theirs,  to  account  for  eclipfes;  and,  we  laugh  at  thofe 
Eaft- Indians , who,  to  this  day,  go  out  in  multitudes,  with  fome  inftruments, 
to  relieve  the  diftreffed  luminary  $ whofe  lofs  of  light,  they  fancy,  proceeds 
from  fome  fainting  fit  ^ out  of  which,  it  muft  be  rouz’d  For  no  intelligent 
man,  whether  chymift,  or  peripatetic,  flies  %to  his  peculiar  principles,  after 
he  is  inform’d,  that  the  moon  is  eclipfed,  by  the  interpofltion  of  the  earth, 
betwixt  her,  and  it  •,  and  the  fun,  by  that  of  the  moon,  betwixt  him  and 
the  earth.  And,  when  we  fee  the  image  of  a man,  call  into  the  air,  by  a 
concave  fpherical  fpeculum ; tho’  moft  men  are  amazed  at  it,  and  fome  fuf- 
pedt  it  to  be  no  lefs  than  an  effedt  of  witchcraft  *,  yet  he,  who  is  fkill’d 
enough  in  catoptrics,  will,  without  confulting  Ariftotle , or  Paracelfus^  or  fly- 
ing to  hypoftatical  principles,  or  fubftantial  forms,  be  fatisfy’d,  that  the 
phenomenon  is  produced  by  rays  of  light  refledted,  and  made  to  converge, 
according  to  optical,  and  mathematical  laws. 

^ 2.  I next  obferve,  that  there  cannot  be  fewer  principles,  than  the  two 

grand  ones  of  our  philofophy,  matter,  and  motion  *,  for  matter,  alone,  un- 
lefs  it  be  moved,  is  wholly  unadtive ; and,  whilft  all  the  parts  of  a body, 
continue  in  one  ftate,  without  motion,  that  body  will  not  exercife  any  ac- 
tion, or  fuffer  any  alteration ; tho’  it  may,  perhaps,  modify  the  adtion  of 
other  bodies,  that  move  againft  it. 

3.  Nor,  can  we  conceive  any  principles  more  primary  than  matter  and 
motion  : for,  either  both  of  them  were  immediately  created  by  God  •,  or, 
if  matter  be  eternal,  motion  muft  either  be  produced,  by  fome  immaterial 
fupernatural  agent  ^ or,  it  muft  immediately  flow,  by  way  of  emanation, 
irorn  the  nature  of  the  matter  it  appertains  to. 

4.  There  cannot  be  any  phyflcal  principles  more  Ample,  thad  matter  and 
motion  j neither  of  them  being  refoluble  into  any  other  thing. 

5.  The 
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5.  The  next  thing,  which  recommends  the  corpufcular  principles,  is,  Physics. 
their  extenftvenefs.  The  genuine,  and  neceffary  effedt  of  the  ftrong  mo- 
tion  of  one  part  of  matter,  againft  another,  is  either  to  drive  it  on,  in  its  dnd extenfivt* 
entire  bulk,  or,  to  break  and  divide  it  into  particles  of  a determinate  mo- 
tion, figure,  fizc,  pofture,  reft,  order,  or  texture.  The  two  firft  of  thefe, 
for  inftance,  are  each  of  them  capable  of  numerous  varieties  : for  the  figure 
of  a portion  of  matter,  may  either  be  one  of  the  five  regular  geometrical 
figures,  l'ome  determinate  lpecies  of  folid  figures,  or  irregular,  as  the  grains 
of  fand,  feathers,  branches,  files,  &c.  And,  as  the  figure,  fo  the  motion 
of  one  of  thefe  particles,  may  be  exceedingly  diverfified,  not  only  by  the 
determination  to  a particular  part  of  the  world ; but  by  feveral  other  things; 
as  by  the,  almoft,  infinitely  different  degrees  of  celerity  *,  by  the  manner 
of  its  progreflion,  with,  or  without  rotation,  £s ?c.  and  more  yet  by  the  line 
wherein  it  moves  ; as  circular,  elliptical,  parabolical,  hyperbolical,  fpi- 
ral,  &c.  For,  as  later  geometricians  have  fhewn,  that  thefe  curves  may  be 
compounded  of  feveral  motions,  that  is,  deferib’d  by  a body,  whofe  mo- 
tion is  mix’d,  and  refults  from  two  or  more  fimple  motions : fo,  how  many 
more  curves  may  be  made  by  new  compofitions,  and  re-compofitions  of 
motion,  is  not  eafy  to  determine. 

Now,  fince  a fingle  particle  of  matter,  by  virtue  of  only  two  mechanical 
properties,  that  belong  to  it,  may  be  diverfify’d  fo  many  ways  *,  what  a vaft 
number  of  variations,  may  we  fuppofe  capable  of  being  produced  by  the 
compofitions,  and  re-compofitions  of  myriads  of  fingle  invifible  corpufcles, 
that  may  be  contain’d,  and  concreted  in  one  fmall  body  *,  and  each  of  them 
be  endued  with  more  than  two  or  three  of  the  fertile,  univerfal  principles 
above-mentioned  ? And  the  aggregate  of  thofe  corpufcles,  may  be  further 
diverfify’d  by  the  texture  refulting  from  their  convention,  into  a body  *, 
which,  as  fo  made  up,  has  its  own  magnitude,  fhape,  pores,  and  many  ca- 
pacities of  acting  and  fuffering,  upon  account  of  the  place  it  holds  among 
other  bodies,  in  a world,  coriftituted  like  ours  : fo  that,  confidering  the 
numerous  diverfifications,  that  compofitions  and  re-compofitions  may  make 
of  a fmall  number  ; thofe,  who  think  the  mechanical  principles  may  ferve, 
indeed,  to  account  for  the  phenomena  of  fome  particular  part  of  natural 
philofophy,  as  ftatics,  the  theory  of  the  planetary  motions,  &c.  but  prove 
unapplicable  to  all  the  phenomena  of  things  corporeal ; feem  to  imagine,  that 
by  putting  together  the  letters  of  the  alphabet,  one  may,  indeed,  makeup 
all  the  words  to  be  found  in  Euclid  or  Virgil , or  in  the  latin  or  englilh  lan- 
guage, but  that  they  can  by  no  means  fupply  words  to  all  the  books  of  a 
great  library  * much  lefs  to.  all  the  languages  in  the  world. 

There  are  other  philefophers,  who,  obferving  the  great  efficacy  of 
magnitude,  fituation,  motion,  and  connexion,  in  engines,  are  willing  to 
allow  thofe  mechanical  principles,  a great  fhare  in  the  operations  of  bodies 
of  a fenfible  bulk,  and  manifeft  mechanifm  *,  and,  therefore,  to  be  ufefully 
employ’d,  in  accounting  for  the  effects,  and  phenomena  of  fuch  bo- 
dies : tho’  they  will  not  admit,  that  thefe  principles  can  be  apply’d  to  the 
hidden  tranfadtions  .among  the  minute  particles  of  bodies } and,  therefore, 

think 
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Physics,  think  it  neceflary  to  refer  thefe  to  what  they  call  nature,  fubflantial  forms, 
real  qualities,  and  the  like  immechanical  agents.  But  this  is  not  neceflary: 
for,  the  mechanical  properties  of  matter,  are  to  be  found  ; and  the  laws 
of  motion  take  place,  not  only  in  the  great  mafles,  and  the  middle-fiz’d  lumps, 
but  in  the  fmallefl  fragments  of  matter : a lefs  portion  of  it  being  as 
much  a body,  as  a greater  •,  muft  as  neceflarily,  as  the  other,  have  its  de- 
terminate bulk  and  figure.  And,  whoever  views  fand  thro’  a good  micro- 
fcope,  will  eafily  perceive,  that  each  minute  grain,  has  as  well  its  own 
fize  and  fhape,  as  a rock  or  a mountain.  Thus  too,  when  we  let  fall  a large 
flone,  and  a pebble,  from  the  top  of  a high  building;  they  both  move  con- 
formably to  the  laws  of  acceleration,  in  heavy  defcending  bodies : and 
the  rules  of  motion  are  obferv’d,  not  only  in  cannon-bullets,  but  in  fmall 
fhot;  and  the  one  flrikes  down  a bird,  according  to  the  fame  laws,  as  the 
other  batters  a wall.  And  tho’  nature  works  with  much  finer  materials,  and 
employs  more  curious  contrivances,  than  art ; yet  an  artifl,  according  to 
the  quantity  of  the  matter  he  employs,  the  exigency  of  the  defign  he  un- 
dertakes, and  the  magnitude  and  fhape  of  the  inflruments  he  ufes,  is  able 
to  make  pieces  of  work,  of  the  fame  nature  or  kind,  of  extremely  different 
bulks;  where  yet,  the  like  art,  contrivance,  and  motion,  may  be  obferved. 
Thus  a fmith,  who,  with  a hammer,  and  other  large  inflruments,  can, 
out  of  mafles  of  iron,  forge  great  bars  or  wedges,  to  make  flrong  and  pon- 
derous chains  to  fecure  ftreets  and  gates;  may,  with  lefler  inflruments,  make 
fmaller  nails,  and  filings,  almofl  as  minute  as  duff ; and  with  yet  finer  tools, 
make  links  wonderfully  light  and  flender  And,  therefore,  to  fay,  that  tho’ 
in  natural  bodies,  whofe  bulk  is  manifefl,  and  their  flru&ure  viflble,  the 
mechanical  principles  may  be  ufefully  admitted  ; but  are  not  to  be  extended 
to  fuch  portions  of  matter,  whofe  parts  and  texture  are  inviflble,  is  like 
allowing,  that  the  laws  of  mechanifm  may  take  place  in  a town-clock,  and 
not  in  a pocket-watch : or,  becaufe  the  terraqueous  globe  is  a vafl  mag- 
netical  body,  one  fhould  affirm,  that  magnetical  laws  are  not  to  be  ex- 
pected manifefl  in  a fmall  fpherical  piece  of  load-flone ; yet,  experience 
fhews  us,  that,  notwithflanding  the  immenfe  difproportion  betwixt  thefe 
two  fpheres,  the  terella,  as  well  as  the  earth,  hath  its  poles,  equator,  and 
meridians  ; and,  in  feveral  other  magnetical  properties,  refembles  the  ter- 
reflrial  globe. 

When,  to  folve  the  phenomena  of  nature,  agents  are  made  ufe  of,  which, 
tho’  they  involve  no  contradiction  in  their  notions,  as  many  think  fubllantial 
forms  and  real  qualities  do  ; yet  are  fuch,  that  we  conceive  not  how  they 
operate  to  produce  effeCts  ; fuch  agents  I mean,  as  the  foul  of  the 
world,  the  univerfal  fpirit,  the  plaftic  power,  &c.  the  curiofity  of  an  in- 
quifitive  perfon  is  not  fatisfled  hereby  ; who  feeks  not  fo  much  to  know, 
what  is  the  general  agent  that  produces  a phenomenon,  as  by  what  means, 
and  after  what  manner,  it  is  produced.  Sennertus , and  other  phyficians, 
tell  us  of  difeafes,  which  proceed  from  incantation  ; but  fure,  it  is  very 
trivial  to  a fober  phyflcian,  who  comes  to  vifit  a patient,  reported  to  be 
bewitch’d,  to  hear  only,  that  the  flrange  fymptoms  he  meets  with,  and 

would 
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would  have  an  account  of,  are  produced  by  a witch,  or  the  devil  *,  and  he  Physics- 

will  never  befitished  with  fo  fhortan  anfwer,  if  he  can,  by  any  means,  re-  v-"1 J 

ducc  thofc  extravagant  fymptoms  to  any  more  known  and  dated  difeafes ; 

as  epilepfies,  convulfions,  hyfteric  fits,  &c.  and  if  he  cannot,  he  will  con- 

fefs  his  knowledge  of  this  diftemper,  to  come  far  fhort  of  what  might  be 

expedted  and  attain’d  in  other  difeafes,  wherein  he  thinks  himfelf  bound 

to  fearch  into  the  morbific  matter  j and  will  not  be  fatisfied,  till  he  can, 

probably,  deduce  from  that,  and  the  ftrudture  of  the  human  body,  and 

other  concurring  phyfical  caufes,  the  phenomena  of  the  malady.  And,  it 

would  be  but  little  fitisfadtion  to  one,  who  defires  to  underftand  the  caufes 

of  the  phenomena  in  a watch,  and  how  it  comes  to  point  at,  and  flrike  the 

hours ; to  be  told,  that  a certain  watch-maker  fo  contriv’d  it : or,  to  him 

who  would  know  the  true  caufes  of  an  echo,  to  be  anfwer’d,  that  it  is  a 

man,  a vault,  or  a wood,  that  makes  it. 

I come  now  to  confider  that,  which,  I obferve,  molt  alienates  other  fedts 
from  mechanical  philofophy  ; viz.  a fuppofition,  that  it  pretends  to  have 
principles,  fo  univerfal  and  mathematical,  that  no  other  phyfical  hypothefis 
can  be  tolerated  by  it. 

This,  I look  upon,  asaneafy,  indeed,  but  an  important  miftake:  for, 
the  mechanical  principles  are  fo  univerfal,  and  applicable  to  fo  many  pur- 
pofes,  that  they  are  rather  fitted  to  take  in,  than  to  exclude,  any  other 
hypothefis  found  on  nature.  And  fuch  hypothefes,  if  prudently  confider’d, 
will  be  found,  as  far  as  they  have  truth  on  their  fide,  to  be  either  legitimately 
deducible  from  the  mechanical  principles,  or  fairly  reconcileable  to  them. 

For  fuch  hypothefes  will,  probably,  attempt  to  account  for  the  phenomena 
of  nature,  either,  by  the  help  of  a determinate  number  of  material  ingre- 
dients, fuch  as  the  tria  prima  of  the  chymifts  ; or  elfe  by  introducing  fome 
general  agents,  as  the  Platonic  foul  of  the  world,  and  the  univerfal  fpirit, 
aflerted  by  fome  chymifts  ; or,  by  both  thefe  ways  together. 

Now,  the  chief  thing  that  a philofopher  fhould  look  after,  in  ex- 
plaining difficult  phenomena,  is  not  fo  much  what  the  agent  is,  or  does  ; as, 
what  changes  are  made  in  the  patient,  to  bring  it  to  exhibit  the  phenomena 
propos’d  j.  and  by  what  means,  and  after  what  manner,  thofe  changes  are 
effedted.  So  that  the  mechanical  philofopher  being  fatisfied,  one  part  of 
matter  can  adt  upon  another,  only  by  virtue  of  local  motion,  or,  the  effedts 
and  confequences  thereof  ♦,  he  confiders,  if  the  propofed  agent  be  not 
intelligible  and  phyfical,  it  can  never  phyfically  explain  the  phenomena  ; 
and  if  it  be  intelligible  and  phyfical,  it  will  be  reducible  to  the  matter,  and, 
fome,  or  other,  of  its  univerfal  properties.  And  the  indefinite  divifibility 
of  matter,  the  wonderful  efficacy  of  motion,  and  the,  almoft,  infinite  va- 
riety of  coalitions  and  ftrudtures,  that  may  be  made  of  minute  and  infen- 
fible  corpufcles,  being  duly  weigh’d  *,  why  may  not  a philofopher  think  it 
poffible,  to  make  out,  by  their  help,  the  mechanical  poflibility  of  any  cor- 
poreal agent,  how  fubtile,  diifufed,  or  adtive  l'oever,  that  can  be  folidly 
proved  to  have  a real  exigence  in  nature?  Tho’  the  Cartefians  are  mechani- 
cal philofophers,  yet  their  Materia  fubtilis , which  the  very  name  declares 

to 
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to  be  a corporeal  fubftance,  is,  for  ought  I know,  little  lefs  diffus'd  thro* 
the  univerfe,  or  lefs  adive  in  it,  than  the  univerfal  fpirit  of  fome  chymifts  i 
not  to  fay  the  Anima  mundi  of  the  Platonifts.  But  whatever  be  the  phyfical 
agent,  whether  it  be  inanimate,  or  living,  purely  corporeal,  or  united  to 
an  intellectual  fubftance  *,  the  abovc-mention’d  changes,  wrought  in  the 
body,  made  to  exhibit  the  phenomena,  may  be  effeded  by  the  fame,  or  the 
like  means  ; or  after  the  fame,  or  the  like  manner  : as  for  inftance,  if  corn 
be  reduced  to  meal  *,  the  materials,  and  fhape  of  the  mill-ftones,  and  their 
peculiar  motion  and  adaptation,  will  be  much  of  the  fame  kind  ; and,  to  be 
lure,  the  grains  of  corn  will  fuffer  a various  attrition,  and  comminution  in 
their  paffage  to  the  form  of  meal,  whether  the  corn  be  ground  by  a waters 
mill,  or  wind -mill,  a horfe-mill,  or  a hand-mill  ; that  is,  a mill,  whofe 
{tones  are  turn’d  by  inanimate,  by  brute,  or  by  rational  agents.  And  if  an 
angel  himfelf,  fhould  work  a real  change  in  the  nature  of  a body,  ’tis  fcarce 
conceivable  to  men,  how  he  could  do  it,  without  the  afliftance  of  local  mo- 
tion •,  fince,  if  nothing  were  difplac’d,  or,  otherwife  mov’d  than  before, 
>tis  hardly  conceivable,  how  it  fhould  be,  in  itfelf,  different  from  what  it 
was  before. 

But  if  the  chymifts,  or  others,  who  would  deduce  a compleat  natural 
philofophy,  from  fait,  fulphur,  and  mercury,  or  any  determin’d  number 
of  ingredients  of  things,  would  well  confider  what  they  undertake,  they 
might  eafily  difcover,  that  the  material  parts  of  bodies  can  reach  but  to  a 
few  phenomena  of  nature,  whilft  thefe  ingredients  are  confider’d  but  as 
quiefcent  things,  whence,  they  would  find  themfelves  oblig’d  to  fup- 
pofe  them  adive  *,  and  that  things,  purely  corporeal,  cannot,  but  by 
means  of  local  motion,  and  the  effeds  that  may  refult  from  it,  by  varioufly 
fhap’d,  fiz’d,  and  combined  parts  of  matter  : fo  that  the  chymifts  muft 
leave  the  greateft  part  of  the  phenomena  of  the  univerfe  unexplain’d,  by 
means  of  the  ingredients  of  bodies,  without  taking  in  the  mechanical  and 
more  comprehenfive  properties  of  matter,  efpecially  local  motion.  I willingly 
grant,  that  fait,  fulphur,  and  mercury,  or  fome  fubftances  analogous  to 
them,  are  obtainable,  by  the  adion  of  the  fire,  from  a very  great  many  diffi- 
pable  bodies  here  below.  Nor  do  I deny,  that,  in  explaining  feveral  pheno- 
mena of  fuch  bodies,  it  may  be  of  ufe  to  a naturalift,  to  know,  and  confider, 
that,  as  fulphur,  for  inftance,  abounds  in  the  body  propos’d,  it  may  be, 
thence,  probably  argued,  that  the  qualities,  ufually  attending  that  prin- 
ciple, when  predominant,  may  be,  alfo,  upon  its  account,  found  in  the 
body  that  fo  largely  partakes  of  it.  But,  tho’  chymical  explications  are, 
fometimes^the  moft  obvious,  yet  they  are  not  the  moft  fundamental,  and 
fatisfadory  the  chymical  ingredient  itfelf,  whether  fulphur,  or  any 
other,  muft  owe  its  nature,  and  other  qualities,  to  the  union  of  infenfible 
particles,  in  a convenient  fize,  ftiape,  motion,  or  reft,  and  texture  ; all 
which  are  but  mechanical  properties  of  convening  corpufcles.  And  this 
may  be  illuftrated  by  what  happens  in  artificial  fire-works.  For,  tho’  in 
moft  of  thofe  forts,  made  either  for  war,  or  recreation,  gun-powder  be  a 
principal  ingredient  •,  and  many  of  the  phenomena  may  be  deriv’d  from  the 

greater 
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greater  or  lefs  proportion,  wherein  it  enters  the  compofitions  : yet  there  Ph  y > i eg. 
may  be  fire-works  made  without  gun-powder,  as  appears  by  thofe  of  the  v— ' v J 
ancient  Greeks , and  Romans.  And  gun-powder  owes  its  aptnefs  to  fire,  and 
to  be  exploded,  to  the  mechanical  texture  of  more  fimple  portions  ot  matter, 
nitre,  charcoal,  and  fulphur.  And  fulphur  itfelf,  tho’  it  be  by  many  chy- 
mifts miftaken  for  an  hypoftatical  principle,  owes  its  inflammability  to  the 
union  of  ftill  more  fimple  and  primary  corpufcles ; fince  chymifts  confefs, 
that  it  has  an  inflammable  ingredient:  and  experience  (hews,  that  it  very 
much  abounds  with  an  acid  and  uninflammable  fait,  and  is  not  deftitutc  of 
a terreftrial  part.  It  may,  indeed,  be  herealledg’d,  that  the  productions  of 
chymical  analyses,  are  fimple  bodies  *,  and,  upon  that  account,  irrefoluble. 

But,  that  leveral  fub fiances,  which  chymifts  call  the  lalts,  fulphurs,  or 
mercuries  of  the  bodies  that  afford  them,  are  not  fimple  and  homoge- 
neous,* is  demonffrable.  Nor  is  their  not  being  eafily  diflipable,  or  re- 
foluble,  a clear  proof  of  their  not  being  made  up  of  more  primitive  por- 
tions of  matter.  For  compounded  bodies  may  be  as  difficultly  refoluble, 
as  moft  of  thofe  that  chymifts  obtain  by  the  fire : witnefs  common  green- 
glafs,  which  is  far  more  durable,  and  irrefoluble,  than  many  of  thofe  which 
pafs  for  hypoftatical  fubftances.  And  fome  amels  will,  for  feveral  times, 
even  vitrify  in  the  forge,  without  lofing  their  nature,  or,  often,  fo  much  as 
their  colour : yet,  amel  confifts  of  fait,  powder  of  pebbles,  or  fand, 
and  calcined  tin  •,  and,  if  not  white,  ufually  of  fome  tinging  metal,  or 
mineral.  But  how  indeftrudtible  foever  the  chymical  principles  are  fup- 
pofed,  feveral  of  the  operations  afcribed  to  them,  will  never  be  made  ap- 
pear, without  the  help  of  local  motion  : were  it  not  for  this,  we  can  but 
little  better  folve  the  phenomena  of  many  bodies,  by  knowing  what  ingre- 
dients compofe  them,  than  we  can  explain  the  operations  of  a watch,  by 
knowing  of  how  many,  and  of  what  metals,  the  balance,  the  wheels,  the 
chain,  and  other  parts  confift*,  or  than  we  can  derive  the  operations  of  a 
wind-mill,  from  barely  knowing,  that  ’tis  made  up  of  wood,  (tone,  can- 
vafs,  and  iron.  And  here  let  me  add,  that  it  would  not,  at  all,  overthrow 
the  corpufcularian  hypothefis,  tho’,  either  by  more  exquifite  purifications, 
or  by  fome  other  operations,  than  the  ufual  analyfis  by  fire,  it  ftiould  ap- 
pear, that  the  material  principles  of  mix’d  bodies,  are  not  th ztriaprima  of 
the  vulgar  chymifts  *,  but,  either  fubftances  of  another  nature,  or  fewer  in 
number  j or,  if  it  were  true,  that  the  Helmontians  had  fuch  a refolving 
menftruum,  as  their  mafter’s  alkaheft,  by  which,  he  affirms,  that  he  could 
reduce  ftones  into  fait,  of  the  fame  weight  with  the  mineral  *,  and  bring 
both  that  fait,  and  all  other  mix’d  and  tangible  bodies,  into  infipid  water. 

For,  whatever  be  the  number  or  qualities  ot  the  chymical  principles,  if  they 
really  exift  in  nature,  it  may,  very  poffibly,  be  lhewn,  that  they  are  made 
up  of  infenfible  corpufcles,  of  determinate  bulks  and  flvapes  : and,  by  the 
various  coalitions,  and  textures  of  fuch  corpufcles,  many  material  ingre- 
dients may  be  compofed,  or  made  to  refult.  But  tho’  the  alkahefticafre- 
dudtions,  newly  mention’d,  ftiould  be  admitted,  yet  the  mechanical  prin- 
Vol.  I.  D d ciples 


*94  Excellence  and  Grounds 

Physics,  ciples  might  well  be  accommodated  even  to  them.  For  the  folidity,  tafte, 
& c.  of  fait,  may  be  fairly  accounted  for,  by  the  ftiffnefs,  fharpnefs,  and  other 
mechanical  properties  of  the  minute  particles,  whereof  fait  confifts  : and 
if,  by  a farther  a&ion  of  the  alkaheft,  the  fait,  or  any  other  folid  body,  be 
reduced  into  infipid  water,  this,  alfo,  may  be  explain’d  by  the  fame  prin- 
ciples i fuppofing  a farther  comminution  of  its  parts,  and  fuch  an  attrition, 
as  wears  off  the  edges  and  points  that  enabled  them  to  ftrike  brifkly  upon 
the  organ  of  tafte:  for  as  to  fluidity  and  firmnefs,  they,  principally,  depend 
upon  two  of  our  grand  principles,  motion,  and  reft.  And,  ’tis  certain,  that  the 
agitation,  or  reft,  and  the  loofer  contact,  or  clofer  cohefion  of  the  particles, 
is  able  to  make  the  fame  portion  of  matter,  at  one  time,  a firm,  and,  at  an- 
other, a fluid  body.  So  that,  tho’  future  fagacity,  and  induftry  of  chymifts, 
fhould  obtain,  from  mix’d  bodies,  homogeneous  fubftances,  different  in  num- 
ber, nature,  or  both,  from  their  vulgar  fait,  fulphpr,  and  mercury  *,  yet  the 
corpufcular  philofophy  is  fo  general  and  fertile,  as  to  be  fairly  reconcilable 
to  fuch  a difcovery ; and,  alfo,  fo  ufeful,  that  thefe  new  material  princi- 
ples will,  as  well  as  the  old  tria  prima^  ftand  in  need  of  the  more  univerfal 
principles  of  the  corpufcularians  *,  efpecially  of  local  motion.  And,  indeed, 
whatever  elements,  or  ingredients,  men  have  pitch’d  upon ; yet,  if  they 
take  not  in  the  mechanical  properties  of  matter,  their  principles  are 
fo  deficient,  that  I have  obferv’d,  both  the  materialifts  and  chymifts,. 
not  only  leave  many  things  unexplain’d,  to  which  their  narrow  principles 
will  not  extend ; but,  even  in  the  particulars  they  prefume  to  give  an  ac- 
count of,  they  either  content  themfelves  to  affign  fuch  common  and  inde- 
finite caufes,  as  are  too  general  to  be  fatisfadtory  •,  or,  if  they  venture  to 
give  particular  caufes,  they  afiign  precarious  or  falfe  ones,  liable  to  be  eafily 
difproved  by  circumftances,  or  inftances,  whereto  their  dodtrine  will  not 
agree.  The  chymifts,  however,  need  not  be  frighted  from  acknowledg- 
ing the  prerogative  of  the  mechanical  phiiofophy,  fince  that  may  be  recon- 
cilable with  the  truth  of  their  own  principles,  fo  far  as  they  agree  with 
the  phenomena  they  are  applied  to:  for  thefe  more  confined  hypothefes 
may  be  fubordinate  to  thofe  more  general  and  fertile  principles  •,  and  there 
can  be  no  ingredient  affign’d  that  has  a real  exiftence  in  nature,  but  may 
be  deriv’d,  either  immediately,,  or  by  a row  of  compofitions,  from  the' 
univerfal  matter,  modified  by  its  mechanical  properties.  For  if  with  the 
fame  bricks,  differently  put  together,  and  rang’d,  feveral  bridges,  vaults,, 
houfes,  and  other  ftrudtures  may  be  raifed  merely  by  a various  contrivance 
of  parts  of  the  fame  kind-,  what  a great  variety  of  ingredients  may  be 
produced  by  nature,  from  the  various  coalitions  and  contextures  ot  cor- 
pufcles,  that  need  not  be  fuppos’d,  like  bricks,,  all  of  the  fame  fize  and  fhape; 
but  to  have,  both  in  the  one  and  the  other,  as  great  a variety  as  could  be 
wifn’d  for?  And  the  primary  and  minute  concretions,  that  belong  to  thefe 
ingredients,  may,  without  oppofition  from  the  mechanical  philofophy,  be 
flippos’d  to  have  their  particles  fo  minute,  and  ftrongly  coherent,  that  na- 
ture, of  herfelf,  fcarce  ever  tears  them  afunder.  Thus  mercury  and  gold  may 
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be  fucce  (lively  made  to  put  on  a multitude  of  difguizes  ; and  yet  fo  retain  Pi-?y 
their  nature,  as  to  be  reducible  to  their  priffine  forms.  ^ 

From  hence,  it  is  probable,  if,  befides  rational  fouls,  there  be  any 
immaterial  fubftances,  luch  as  the  heavenly  intelligences,  and  the  fubftan- 
tial  forms  of  the  Arlftotelians , that  are  regularly  to  be  number’d  among  na- 
tural agents  •,  their  way  of  working  being  unknown  to  us,  they  can  only 
help  to  conftitute  and  effedt  things,  but  will  very  little  help  us  to  conceive 
how  things  are  efredted  •,  fo  that,  by  whatever  principles  natural  things  are 
conftituted,  ’tis,  by  the  mechanical  principles,  that  their  phenomena  mull 
be  clearly  explain’d.  For  inftance,  tho’  we  grant,  with  the  Ariftotelians , 
that  the  planets  are  made  of  a quinteffential  matter,  and  mov’d  by  angels, 
or  immaterial  intelligences  *,  yet,  to  explain  the  ftations,  progressions,  and 
retrogradations,  and  other  phenomena  of  the  planets,  we  mull  have  re- 
courfe  either  to  excentrics,  epicycles,  &c.  or  to  motions  made  in  elliptical 
or  other  peculiar  lines  •,  and,  in  a word,  to  theories,  wherein  the  motion, 
figure,  fituation,  and  other  mathematical,  or  mechanical  properties  are 
chiefly  employ’d.  But,  if  the  principles  propos’d  be  corporeal,  they  will 
then  be  fairly  reducible,  or  reconcilable  to  the  mechanical  principles  ; thefe 
being  fo  general  and  fertile,  that,  among  real  material  things,  there  is 
none  but  may  be  deriv’d  from,  or  reduced  to  them.  And  when  the  chy- 
mifts  fhall  fhew  that  mix’d  bodies  owe  their  qualities  to  the  predominancy 
of  any  one  of  their  three  grand  ingredients,  the  corpufcularians  will  fhew, 
that  the  very  qualities  of  this,  or  that  ingredient,  flow  from  its  peculiar 
texture,  and  the  mechanical  properties  of  the  corpufcles  that  compofe  it. 

And  to  affirm,  that  becaufe  the  chymical  furnaces  afford  a great  number 
of  uncommon  produdtions,  and  phenomena,  that  there  are  bodies,  or  ope- 
rations, amongft  things  purely  corporeal,  not  derivable  from,  or  recon- 
cilable to  the  principles  of  mechanical  philofophy  •,  is  to  fay,  becaufe  there 
are  many  and  varions  hymns,  pavins,  threnodies,  courants,  gavots,  fara- 
bands,  &c.  in  a mufic  book,  many  of  the  tunes,  or  notes,  have  no  depen- 
dance  on  the  fcale  of  mufic ; or  as  if,  becaufe  excepting  rhomboids,  fquares, 
pentagons,  chiliagons,  and  numerous  other  polygons,  one  ffiould  affirm 
there  are  fome  redfilineal  figures,  not  reducible  to  triangles,  or  that  have 
properties  which  overthrow  Euclid's  dodtrine  of  triangles,  and  polygons. 

I ffiall  only  add,  that  as  mechanical  principles,  and  explanations,  where 
they  can  be  had,  are,  for  their  clearnels,  preferr’d  by  materialifts  them- 
felves  ; fo  the  fagacity  and  induftry  of  modern  naturalifts,  and  mathema- 
ticians, having  happily  apply’d  them  to  feveral  of  thole  difficult  phenomena, 
which  before  were  referr’d  to  occult  qualities,  ’tis  probable,  that  when  this 
philofophy  is  more  ferutiniz’d,  and  farther  improv’d,  it  will  be  found  appli- 
cable to  the  folution  of  ftill  more  phenomena  of  nature.  And  ’tis  not  always 
neceffary,  that  he  who  advances  an  hypothecs  in  aftronomy,  chymiftry,  ana- 
tomy, be  able,  a priori  to  prove  it  true,  or  demonftratively  to  fhew 
that  the  other  hypothecs,  propos’d  about  the  fame  fubjedt,  muft  be  falfe  ; 
for,  as  Plato  faid,  that  the  world  is  God’s  epiftle  to  mankind  *,  and 
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Physics,  might  have  added,  in  his  own  way,  that  it  was  written  in  mathematical 


characters ; fo,  in  the  phyfical  explanations  of  the  parts  and  fyftem  of  the 
world,  methinks,  there  is  fomewhat  like  what  happens,  when  men  con- 
jeCturally  frame  feveral  keys  to  read  a letter  written  in  cyphers.  For  tho’ 
one  man,  by  his  fagacity,  finds  the  right  key,  it  will  be  very  difficult  for 
him,  either  to  prove,  otherwife  than  by  trial,  that  any  particular  word  is 
not  fuch  as  ’tis  guefs’d  to  be  by  others,  according  to  their  keys  •,  or  to 
fhew,  a priori,  that  theirs  are  to  be  rejected,  and  his  to  be  prefer’d  : yet, 
if  due  trial  being  made,  the  key  he  propofes  be  found  fo  agreeable  to  the 
characters  of  the  letter,  as  to  enable  one  to  underftand  them,  and  make  co- 
herent fenfe  of  them*  its  fuitablenefs  to  what  it  fhould  decypher,  is,  with- 
out either  confutations,  or  foreign  pofitive  proofs,  alone  fufftcient  to  make 
it  accepted  as  the  right  key  of  that  cypher.  Thus,  in  phyfical  hypothefes, 
there  are  fome,  that,  without  falling  foul  upon  others,  peaceably  obtain 
the  approbation  of  difcerning  men,  only  by  their  fitnefs  to  folve  the  phe- 
nomena for  which  they  were  devifed,  without  thwarting  any  known  ob- 
fervation,  or  law  of  nature  r and  therefore,  if  the  mechanical  philofophy 
fhall  continue  to  explain  corporeal  things,  as  it  has  of  late,  5tis  fcarce  to  be 
doubted,  but  that,  in  time,  unprejudiced  Perfons  will  think  it  fufRciently 
recommended,  by  its  being  confident  with  itfelf,  and  applicable  to  fo  many 
phenomena  of  nature.. 
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SECT.  I. 


THE  dodtrihe  I fhall  here  attempt  to  eftabiifh,  take  as  follows. 

i.  There  is  one  aniverfal  matter,  common  to  all  bodies,  an  ex-  An  univerfal 
tended,  divifible,  and  impenetrable  fubftance.  matter. 

2.  This  matter  being  in  its  own  nature  but'  one,  the  diverfity  in  bodies  The  neceffity  of 
mud  necefiarily  arife  from  fomewhat  elfe  ; and  fince  there  could  be  no  motian- 
change  in  matter  at  reft,  there  is  a neceftity  of  motion  to  difcriminate  it ; 
and  for  that  motion,  alfo,  to  have  various  tendencies-. 

Motion,  in  many  parts  of  matter,  appears  manifeft  to  fenfe  •,  but  how  it  came  Whence  motion 
by  this  motion,  is  difputed.  The  ancient  corpufcularians,  who  acknowledged  i* i. 2 * * 5™^* 
no  author  of  the  univerfe,  were  reduced  to  make  it  inherent  in  matter  ; and, 
confequently,  coeval  therewith : but  fince  local  motion*  or  an  endeavour  at  it, 
is  not  included  in  the  nature  of  matter,,  which  is  as  much  matter  when  at 
reft,  as  when  in  motion ; and,  fince  the  fame  portion  of  matter,,  may  from 
motion  be  reduced  to  reft  *,  and,  after  it  hath  continued  at  reft,  as  long  as 
other  bodies  do  not  put  it  out  of  that  ftate,  may,  by  external  agents  be  mo- 
ved again ; I am  of  opinion,  that  the  origin  of  motion  in  matter,  is  from 
God ; as,  alfo,  the  laws  by  which  it  operated  in  bringing  the  world  to  its 
prefent  frame  : fo  that  local  motion  feems  to  be  the  principal  amongft  fecond 
caufes,  and  the  grand  efficient  of  all  that  happens  in  nature.  For  tho’  bulk, 

figure,  reft,  fituation,  and  texture,  concur  u>  the  phenomena  of  nature  ; 
yet,  in  comparifon  of  motion,  they  feem,  in  many  cafes,  to  be  effects,  and 
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Physics,  in  others,  little  better  than  conditions  or  requifites,  which  modify  the  ope- 
ration, that  one  part  of  matter,  by  virtue  of  its  motion,  hath  upon  another  > 
as  in  a watch,  the  number,  the  figure,  and  correfpondence  of  the  wheels 
and  other  parts,  are  requiflte  to  the  performing  the  office  of  a watch ; but, 
’dll  thefe  parts  are  actually  put  in  motion,  all  their  other  properties  remain 
inefficacious.  Thus,  alfo,  a key,  tho’  it  were  too  big  or  too  little,  or  its  fhape 
unfit  for  that  of  the  cavity  of  the  lock,  would  not  perform  its  office,  tho’ 
put  into  motion  *,  yet,  let  its  fize  and  figure  be  never  fo  fit,  unlefs  adtual 
motion  intervene,  it  will  never  lock  or  unlock  : as,  without  the  like  actual 
motion,  a knife,  or  razor,  will  not  adtually  cut,  how  much  foever  their 
fhape,  and  other  qualities,  fit  them  for  that  action.  So  brimftone,  what 
difpofition  of  parts  foever  it  has  to  be  turned  into  flame,  would  never  be 
kindled,  unlefs  fome  adlual  fire,  or  other  vehemently  and  variously  agitated 
matter,  puts  the  fulphureous  corpufcles  into  a very  brifk  motion  *. 

3.  Thefe  two  principles,  matter  and  motion,  being  eftabliffied,  it  will 
follow,  that  matter  muff  be  actually  divided  into  parts ; and  that  each  of 
the  primitive  fragments,  or  other  diftindt  and  entire  maffes,  muff  have  two 
attributes,  its  own  magnitude  or  fize,  and  its  own  figure  or  fhape.  And, 
fince  experience  fhews,  that  this  divifion  of  matter  is  frequently  made  into 
infenfible  particles:  we  may  conclude,  that  the  minuted:  fragments,  as  well 
as  the  larged:  portions  of  the  univerfal  matter,  have,  likewife,  their  peculiar 
bulk  and  fhape.  For  being  a finite  body,  its  dimenfions  mud  be  termina- 
ted, and  meafurable  *,  and  tho’  it  may  change  its  figure,  yet  it  will  neceffa- 
rily  have  fome  figure  or  other.  We  mud,  therefore,  admit  three  effential 
properties  of  each  entire  part  of  matter,  viz.  magnitude,  fhape,  and  either 
motion  or  red  : the  two  fird  of  which  may  be  called  infeparable  accidents*, 
becaufe  matter  being  extended,  and  yet  finite,  it  is  phydcally  impoffible, 
that  it  fhould  be  deditute  of  fome  bulk  and  determinate  fhape. 

Whether  thefe  accidents  may  not  be  called  the  modes,  or  primary  affec- 
tions of  bodies,  to  didinguifh  them  from  the  lefs  fimple  qualities,  colours, 
tades,  &c.  that  belong  to  bodies  upon  their  account  i or  whether,  with  the 


Fhe  notion  of 
real  qualities 
examin'd. 


* Motion  is  generally  defin’d  to  be,  the  ' 
tranflation  of  a body  from  one  place  to  a- 
nother : but  this  tranflation,  feems  rather  the 
eftett  of  motion,  than  motion  itfelf.  What- 
ever is  faid  to  be  in  motion,  may  be  confider’d, 
either  with  regard  to  the  parts  of  immovable 
and  infinite  fpace ; to  the  remote  bodies  that 
furround  it ; or  to  the  furface  of  what  is  neareft 
to  it.  Now,  as  the  parts  of  fpace  are  infinite 
and  immovable,  and  have  nothing  in  common 
with  the  alterations  of  matter  j that  change  of 
fituation,  which  refpefts  the  parts  of  fpace, 
without  the  leaft  regard  to  the  furrounding  bo- 
dies, may  properly  be  called  abfolute  motion. 
Again,  a body,  faid  to  be  in  motion,  may  be 


compared  with  bodies  remote  : and,  as  a body 
may  here  be  transfer’d,  together  with  fuch  as 
are  near  it;  that  change  of  fituation,  which  is 
made  with  regard  to  bodies  at  a diftance,  may 
be  termed  common  relative  motion.  In  the 
laft  place,  a body  fuppofed  in  motion,  may  be 
compar'd  with  the  furface  of  thofe  bodies, 
which  are  very  near  it : and  as  in  this  cafe, 
the  body  may  have  neither  an  abfolute,  nor  a 
common  motion  ; and,  what  is  thus  at  reft, 
may,  in  reality,  have  them  both  ; we  may 
call  this  change  of  fituation,  proper  relative 
motion.  See  Clarke  Annot.  in  Rohault.  Phyfc. 
Ed.  3.  p.  36 — 38.  and  Newton  Princip.  Ed.  2. 
p.  6 — 11. 
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Epicureans,  they  may  not  be  called  the  conjundtsofthefmalleft  parts  of  matter,  Ph  ysi  cs. 
I fhall  not  now  confider.  But  the  fchools  teach,  that  there  are  in  natural  bo- 
dies, many  real  qualities,  and  other  real  accidents,  which  not  only  are  no  modes 
of  matter,  but  real  entities  diftindt  from  it.  Now,  accident  is,  by  logicians, 
ufed  in  two  feveral  fenfes  : fometimes  it  is  oppofed  to  the  fourth  predicable, 
or  property,  and  is  then  defined,  “ that  which  may  be  prefent  or  abfent, 

“ without  the  deftrudtion  of  the  fubjedt as  & man  may  be  fick  or  well,and  a 
wall  white  or  black  •,  and  yet  the  one  be  ftill  a man,  and  the  other  a wall : and 
this,  in  the  fchools,  is  call’d  Accidens  pradicabile,  to  diftinguifh  it  from  what 
they  call  Ac  ci  dens  pr  a die  ament  ale,  which  is  oppofed  to  fubftance,.  And,  as 
fubftance  is  commonly  defined  to  be  a thing,  that  fubfifis  of  itfelf,  and  the 
fubftratum  of  accidents  •,  fo  an  accident  is  fa  id  to  be  id  cujus  ejje  eft  inejfte  : and 
therefore  Ariftotle,  who  ufually  calls  fubflances  fimply  o’W,  entities,  moil 
commonly  calls  accidents  foes  err*,,  entities  of  entities*,  thefe  requiring  the 
exiftence  of  fome  fubftance  wherein  to  refide,  as  in  their  fubjedt  of  inhefion. 

And,  becaufe  logicians  make  it  the  diferiminating  mark  of  fubftance  from  ac- 
cident, that  it  cannot  exift  in  another  thing,  as  in  its  fubjedt  of  inhefion,  it  is 
requifite  to  know,  that,  according  to  them,  a thing  is  in  a fubjedt,  which, 
however  it  be  in  another  thing,  is  not  in  it  as  a part,  and  cannot  exift  fepa- 
rately  from  the  thing  wherein  it  is  : as  a white  wall  is  the  fubjedt  of  inhe  • 
fion  of  the  whitenefs  we  fee  in  it  *,  which  fame  whiten  eft,  tho’  it  be  not  in 
the  wall  as  a part  of  it  *,  yet  cannot,  according  to  our  logicians,  exift  any 
where  out  of  the  wall,  tho5  many  other  bodies  may  have  the  like  degree  of 
whitenefs.  This  premifed,  it  will  not  be  hard  to  difeover  the  abfurdity  of 
the  opinion,  juft  mention’d,  of  real  qualities  and  accidents  *,  the  fchool- 
dodtri'ne  about  which,  appears  to  be  either,  unintelligible,  or  manifeftly  con- 
tradidtory.  For,  fpeaking  in  a phyfical  fenfe,  if  they  will  not  allow  thefe  ac- 
cidents to  be  modes  of  matter,  but  entities  really  diftindt  from  it,  and,  in 
fome  cafes,  feparable  from  all  matter  * they  make  them,  indeed,  accidents 
in  name,  but  reprefent  them  under  fuch  a notion,  as  belongs  only  to  fub- 
fiances : the  nature  of  a fubftance  confifting  in  this,  that  it  can  fubfift  of  it- 
felf, without  being  in  any  thing  elfe,  as  in  a fubjedt  of  inhefion  : fo  that  to 
tell  us,  a quality,  or  other  accident,  may  fubfift  without  a fubjedt,  is  to  al- 
low it  the  true  nature  of  fubftance.  Nor  could  I ever  find  it  intelligibly 
made  out,  what  thefe  real  qualities  are,  that  they  deny  to  be  either  matter, 
or  modes  of  matter,  or  immaterial  fubflances.  When  a bowl  is  in  motion  or 
at  reft,. that  motion  or  reft,  or  globular  figure  of  the  bowl,  is  not  nothing, 
yet  no  part  of  the  bowl  *,  whofe  whole  fubftance  would  remain,  tho5  it 
wanted  any  one  of  thefe  accidents  : and  to  make  them  real  and  phyfical  enti- 
ties, is,  as  if,  becaufe  we  may  confider  the  fame  man  fitting,  ftanding,  run- 
ning, thirfty,  hungry,  &V.  we  fhould  make  each  of  thefe  a diftindt  entity, 
as  we  give  fome  of  them  diftindt  names : whereas,  the  fubjedt  of  all  thefe 
qualities  is  but  the  fame  man,  confidered  with  circumftances  which  may  make 
him  appear  different  in  one  cafe,  from  what  he  appears  in  another.  And, 
we  muft  here  obferve,  that  not  only  diverfity  of  names,  but  even  diverfity  of 
definitions,,  does  not  always  infer  a diverfity  of  phyfical  entities  in  the  fub- 
jedt 
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Ph  Ysics.jedt  whereto  they  are  attributed.  For  it  happens  in  many  of  the  phyfical  at- 
— v~ — ' tributes  of  a body,  as  it  does  where  a man,  who  is  a father,  a huiband,  a maf- 
ter,  a prince,  &c.  may  have  a peculiar  definition  in  each  of  thefe  capacities  ; 
and  yet  the  man,  confider’d  in  himfelf,  is  but  the  fame  man,  who,  in  re* 
fpedt  of  different  capacities  or  relations  to  other  things,  is  called  by  diffe- 
rent names,  which  conclude  not  fo  many  real  and  diftindt  entities  in  the 
perfon  thus  varioufiy  denominated. 

The  relative  Bat  becaufe  this  notion  may  be  of  great  importance  to  the  nature 
nature  of  p by-  0f  qualities;  we  may  farther  confider,  that  when  the  finith,  who  firft 
ftcal  qualities.  jnyentecj  locks  and  keys,  had  made  his  firft  lock,  it  was  only  a piece  of 
iron,  contrived  into  a particular  fliape  *,  and  when,  afterwards,  he  made  a 
key  to  it,  that  alfo,  confider’d  in  itfelf,  was  nothing  but  a piece  of  iron  of  a 
determinate  figure  j but  as  thefe  two  pieces  of  iron  might  now  be  applied 
to  one  another,  after  a certain  manner  ; and,  as  there  was  a congruity  be- 
twixt the  wards  of  the  lock  and  thofe  of  the  key,  the  lock  and  the  key  now, 
each  of  them,  obtain’d  a new  capacity  ; and  it  became  a principal  part  of  the 
notion  and  defcription  of  a lock,  that  it  was  capable  of  being  made  to  lock 
or  unlock,  by  that  other  piece  of  iron  we  call  a key  •,  and  it  was  look’d  upon 
as  a peculiar  faculty  and  power  in  the  key,  to  be  fit  to  open  and  flint  the 
lock  : and  yet,  by  thefe  new  attributes  there  was  not  added  any  real  or  phy- 
fical entity,  either  to  the  lock  or  the  key  *,  each  of  them  remaining  the  lame 
piece  of  iron,  juft  fo  fhaped  as  it  was  before.  And  when  the  fmith  made 
other  keys  of  different  fizes,  or  with  differing  wards  ; tho’  the  firft  lock 
could  not  be  opened  with  any  of  thofe  keys,  yet,  that  indifpofition  w'as 
nothing  new  in  the  lock,  or  diftindt  from  the  figure  it  had,  before  thofe 
keys  were  made.  To  carry  this  comparifon  a little  further  : tho’  one, 
who  had  defined  the  firft  lock  and  the  firft  key,  would  have  done  it 
by  diftindt  definitions ; yet,  thefe  definitions  being  given  only  upon  ac- 
count of  certain  refpedts,  which  the  defined  bodies  had  to  one  another, 
would  not  infer,  that  the  two  iron  inftruments  phyfically  differ’d,  other- 
wife  than  in  the  figure,  fize,  or  contrivance  of  the  iron,  whereof  each  cqn- 
fifted.  Thus,  why  may  we  not  conceive,  that  as  to  thofe  qualities  which  we 
call  fenfible,  for  inftance,  tho’  by  virtue  of  a certain  congruity,  or  incon- 
gruity, in  point  of  figure  or  texture,  or  other  mechanical  properties,  to 
our  fenfes,  the  portions  of  matter  they  modify  are  enabled  to  produce  vari- 
ous effects,  upon  account  whereof  bodies  are  faid  to  be  endowed  with  qua- 
lities ; yet,  tha'  they  are  not,  in  the  bodies  endowed  with  them,  any  real, 
or  diftindt  entities,  or  differing  from  the  matter  itfelf,  of  fuch  a determinate 
bignefs,  lhape,  or  other  mechanical  modifications  ? And  thus  tho’  the  mo- 
dern goldfmiths  and  refiners,  reckon  it  amongft  the  moft  diftinguifhing  qua- 
lities of  gold,  that  it  is  difloluble  in  Aqua  regia , whilft  Aqua  fortis  will  not 
work  upon  it  *,  yet  thefe  attributes  are  not,  in  the  gold,  any  thing  diftindt 
from  its  peculiar  texture  ; nor  is  the  gold  we  have  now  of  any  other  nature^ 
than  it  was  in  Pliny’s  time,  when  Aqua  fortis  and  Aqua  regia  were  unknown. 
And  if  another  menftruum,  of  which  poffibly  I am  poffefs’d,  fhould  be  invent- 
ed to  dilfolve  pure  gold  in  part,  and  change  it  into  a different  metalline  body, 

there 
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there  will  then  arife  another  new  property,  whereby  to  diftinguifh  this  from  Pn  ys  i cs. 
other  metals  : yet  the  nature  of  gold  is  not  at  all  different  now,  from  what  it  <— — 
was  before  the  difcovery  of  this  laft  menftruum.  There  are  bodies  neither 
cathartic  nor  fudorific,  with  fome  of  which  gold  being  joined,  acquires  a 
purgative  virtue,  and  with  others  a power  to  procure  fweat.  Nature  her- 
lelf,  fometimes  produces  things,  that  have  new  relations  to  others : ar-d  art, 
efpecially  if  aflifted  by  chymiffry,  may  caufe  fo  many  new  productions,  that 
no  man  can  tell,  but  the  molt  familiar  bodies  may  have  multitudes  of 
qualities,  he  dreams  not  of,  which  will  hardly  be  imagined  real  phyfical  en- 
tities. Beaten  glafs  is  commonly  reckoned  among  poifons  * yet,  its  de- 
ftrudtive  faculty,  fuppofed  to  be  a peculiar  entity  in  the  beaten  glafs,  is  really 
nothing  diftindt  from  the  glafs  itfelf,  fuppofed  of  a determinate  bignefs  and 
figure  of  parts,  acquir’d  by  comminution.  For  thefe  glaffy  fragments  be- 
ing numerous,  rigid,  fmall,  and  endowed  with  fharp  points  and  cutting 
edges,  are  enabled,  by  thefe  mechanical  properties,  to  wound  the  tender 
membranes  of  the  ftomach  and  guts,  and  produce  all  the  effedts  ufually  afcri- 
bed  to  fome  poifons  : yet,  the  fame  is  found  to  do  no  harm,  where  it  is  fo 
finely  powder’d,  as  not  to  wound  the  inteftines.  Accordingly  we  fee,  that 
the  fragments  of  fapphires,  cryftals,  and  rubies,  things  much  harder  than 
glafs,  are  innocently  ufed  in  cordial  compofitions  •,  being,  by  grinding,  redu- 
ced to  a powder  too  fubtile  to  excoriate  the  ftomach.  Hence  the  multiplicity 
of  qualities  in  the  fame  natural  bodies,  may  proceed  from  the  bare  texture, 
and  other  mechanical  affedtions  of  their  matter  : for  we  muft  confider  each 
body,  not  barely,  as  it  is  in  itfelf,  an  entire  and  diftindt  portion  of  matter, 
but  as  a part  of  the  univerfe  ; and,  confequently,  placed  amongft  a great 
number  and  variety  of  other  bodies,  upon  which  it  may  adt,  and  by  which  it 
may  be  adted  upon  feveral  ways ; each  whereof,  men  are  apt  to  fancy  a diftindt 
power  or  quality  in  the  body,  whereby  thofe  adtions,  or  in  which  thofe  pafil- 
ons,  are  produced.  We  all  know,  that  the  fun  hath  a power  to  harden  clay, 
foften  wax,  melt  butter,  thaw  ice,  turn  water  into  vapour,  make  air  ex- 
pand itfelf  in  weather-glaffes,  contribute  to  blanch  linen,  render  the  white 
lk in  of  the  face  fwarthy,  and  mowed  grafs  yellow,  to  ripen  fruit,  hatch  the 
eggs  of  filk-worms,  caterpillars,  &c.  and  perform  many  other  things,  fome 
of  which  feem  contrary  to  others  •,  yet,  thefe  are  not  diftindt  powers  or  fa- 
culties in  the  fun,  but  only  the  productions  of  its  heat,  diverfified  by  the 
different  textures  of  the  body  it  chances  to  work  on,  and  the  condition  of 
the  other  fubftances  concerned  in  the  operation.  And  therefore,  whether 
the  fun,  in  fome  cafes,  has  any  influence  at  all  diftindt  from  its  light  and  heat* 
we  fee  that  all  the  phenomena  mention’d*  are  producible  by  the  heat  of  com- 
mon fire,  duly  applied  and  regulated.  And,  to  give  an  inftance  of  another 
kind  •,  having  caufed  fome  folid  balls  of  iron,  fkilfully  hardened,  and 
exquifitely  fhaped  and  glazed,  to  be  purpofely  made,  each  of  them  proved 
a fpherical  looking-glafs  *,  which,  placed  in  the  midft  of  a room,  exhibited 
the  images  of  the  furrounding  objects  in  a very  regular  and  pleafing  manner  ; 
yet  the  globe  endowed  with  all  thefe  properties,  was  but  iron  reduced  by 
the  artificer  to  a fpherical  figure ; and  numerous  fpeaila , may  be  imme- 
Vol.I.  Ee  diately 
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Physics,  diately  made,  by  breaking  a large  drop  of  quick-filver  into  feveral  little  ones, 

} each  of  which  will  ferve  for  objedls  placed  near  it ; and  the  fmaller  whereof, 
may 5 with  a good  microfcope,  afford  a pleafant  profpedl  of  the  neighbouring 
objedts  ; tho’  to  reduce  a parcel  of  ftagnant  quick-filver  into  many  of  thefe 
little  fpherical  fpecula , whofe  properties  are  fo  differing  from  thofe  of  plain 
ones,  there  is  nothing  required,  but  a flight  local  motion,  which,  in  the 
twinkling  of  an  eye,  changeth  the  figure  of  the  felf-fame  matter. 
ftxture  avo-  ^ And  fuppofmg  all  the  univerfe  annihilated,  except  any  of  the  entire 
*oer  re(lulfite'  corpufcles,  above-mentioned,  it  is  hard  to  fay,  what  could  be  attributed  to  it,, 
befides  matter,  motion,  reft,  bulk,  and  fhape  : but  there  being  now  adlually 
in  the  univerfe,  great  multitudes  of  corpufcles  intermixed  with  one  another, 
there  arife  in  every  diftindi  portion  of  matter,  which  a number  of  them  make 
up,  two  new  accidents  , the  one  whereof  more  relates  to  each  particular 
corpufcle,  in  regard  to  the  liable  bodies  about  it*  namely,,  its  pofture : but 
when  two  or  more  fuch  bodies  are  placed  by  one  another,  the  manner  of 
their  being  fo  placed,  may  be  called  their  order.  And  when  many  corpufcles 
convene  together,  fo  as  to  compofe  any  diftindi  body,  as  a ftone  or  a metal 
then,  from  their  other  accidents,  (or  modes)  and  from  thefe  two-kft  men- 
tioned, there  arifes  a certain  difpofition,  or  contrivance  of  parts,  in  the 
whole,  which  we  call  the  texture  of  it. 

Senfible  quali-  And  if  we  fhould  conceive  the  univerfe  to  be  annihilated,  except  one 
ties  only  rda-  body,  fuppofe  a metal,  or  a ftone,  it  were  hard  to  fhew,  that  there  is, 
phyfically,  any  thing  more  in  it  than  matter,  and  the  accidents  already  men- 
tioned. But  now  we  are  to  confider,  that  there  adlually  are  in  the  world* 
certain  fenfible  and  rational  beings,  called  men  and  the  human  body, 
having  feveral  of  its  external  parts,  as  the  eye,  the  ear,  each  of  a 
diftindi  and  peculiar  texture,  whereby  it  is  capable  to  receive  imprefhons 
from  the  bodies  about  it,  and,  upon  that  account,  called  an  organ  of 
fenfe  ; we  muft  obferve,  that  thefe  fenfes  may  be  wrought  upon  by  the 
figure,  fhape,  motion*  and  texture  of  bodies  without  them,  after  feveral 
ways : fome  of  thofe  external  bodies  being  fitted  to  affedl  the  eye,  others 
the  ear,  others  the  noftrils,  &V.  And  to  thefe  operations  of  the  objedls  on 
the  fenfes,  the  mind  of  man,  which,  upon  account  of  its  union  with  the 
body,  perceives  them,  gives  diftindi  names  ; calling  the  one  light,  or  colour, 
the  other  found,  the  third  odour,  &e.  And  becaufe,  alfo,  each  organ  of 
fenfe,  as  the  eye,  or  the  palat,  may  itfelf  be  differently  affedted  by  exter- 
nal objedls,  the  mind,,  likewife,  gives  the  objedls  of  the  fame  fenfe  diftindi 
appellations-,  calling  one  colour  green,  another  blue  ; one  tafte  fweet,  and 
another  bitter,  fdV.  whence  men  have  been  induced  to  frame  a long  catalogue 
of  fuch  tilings,  as,  for  their  relation  to  our  fenfes,  we  call  fenfible  qualities. 
And,  became  we  have  been  converfant  with  them  before  we  had  the  ufe  of 
reafon  •,  and  becaufe  the  mind  of  man  is  inclin’d  to  conceive  alrnoft  everything 
(even  privations,  as  biindneft,  death,  &c.)  under  the  notion  of  a true  entity, 
or  ft.ibftanc.e-;  we  have  been,  from,  our  infancy,  apt  to  imagine,  that  thefe 
lenftble  qualities  are -real  beings  in  the  objedls  they  denominate  r and  have  the 
faculty  and  power  to  work  particular  things  as  gravity  has  a power  to  ftop 
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the  motion  of  a bullet  fhot  upwards,  and  carry  that  fr>f:  1 g*  ’ • of  rr.vter 
towards  the  center  of  the  earth  : whereas,  indeed,  ther  is  ir  ri;  bo*  y to 
which  thefe  fenfible  qualities  are  attributed,  nothing  res!  aid  phyTr.  d,  l'  a 
the  fize,  ihape,  and  motion,  or  reft,  of  its  component  particles’;' toget!  r 
with  that  texture  of  the  whole,  which  refults  from  their  being  cbnt  river!  as 
they  are.  Nor  is  it  necefiary  they  ffiould  have  in  them  a'ny  thing  more,  like 
to  the  ideas  they  excite  in  us  •,  thofe  ideas  being  either  the  effects  of  our 
.prejudices  or  inconfideratenels,  or  elfe  to  be  derived  from  the  relation  that 
happens  betwixt  thofe  primary  accidents  of  the  fenfible  objedt,  and  tire  pe- 
culiar texture  of  the  organ  it  aftedls  *,  as,  when  a pin,  being  run  into  the 
finger,  caufeth  pain,  there  is  rio  diftindt  quality  in  the  pin,  anfwerable  to 
what  we  are  apt  to  fancy  in  pain  *,  but  the  pin,  in  itfelf,  is  only  (lender,  ft  iff, 
and  ffiarp,  and  by  thofe  qualities,  happens  to  make  a foiurfdn  of  continuity 
in  the  organ  of  feeling,  upon  which,  by  reafon  of  the  fabric  of  the  body, 
and  the  intimate  union  of  the  foul  with  it,  there  arifeth  that  troublefome 
kind  of  perception,  which  we  call  pain. 

6.  But  here  a difficulty  will  arife  *,  for  fince  we  explain  colours,  odours, 
and  the  like  fenfible  qualities,  by  a relation  to  our  fenles  •,  it  feems  evident, 
that  they  have  an  abfolute  being,  independent  of  us  : thus  fnow  (for  inftance) 
would  be  white,  and  a glowing  coal  hot,  tho’  there  were  no  man,  or  any 
other  animal  in  the  world  : and  it  is  plain,  that  bodies  do  not,  by  their  qua- 
lities alone,  affedtour  fenfes,  but  even  inanimate  things  too  *,  as  a fire-coal 
will  not  only  burn  a man’s  hand,  but  would  likewife  heat  wax,  and  thaw  ice, 
tho*  all  the  men,  and  fenfitive  beings  in  the  world,  were  annihilated.  To 
clear  this  difficulty,  I do  not  fay,  there  are  no  other  accidents  in  bodies,  than 
colours,  odours,  and  the  like  ; for  it  hath  already  been  fliewn,  that  there  are 
more  fimple  and  primitive  affedtions  of  matter,  from  which  thefe  fecondary 
qualities  proceed  *,  and  that  the  operations  of  bodies  upon  one  another,  refult. 
from  the  fame,  we  ffiall  fee  hereafter.  Nor  do  I fay,  that  all  qualities  of 
bodies  are  diredlly  fenfible,  but  oblerve,  that  when  one  body  works  upon 
another,  the  knowledge  we  have  of  their  operation,  proceeds  either  from 
lome  fenfible  quality,  or  fome  more  general  affedtion  of  matter  ; as  motion, 
reft,  or  texture,  generated  or  deftroy’d  in  one  of  them  : elfe  it  is  hard  to 
conceive,  how  we  lhall  come  to  difeover  what  pafies  betwixt  them.  And  we 
muft  not  look  upon  every  diftindt  body,  that  affedts  the  fenfes,  as  a bare  lump 
of  matter  of  the  bignefs,  and  external  ffiape,  it  appears  *,  many  of  them  ha- 
ving their  parts  curioufly  contrived,  and  moft  of  them,  perhaps,  in  motion 
too.  Nor  muft  we  fuppole  the  univerie  that  furrounds  us,  a movelefs  and 
undiftinguiffi’d  heap  of  matter,  but  a great  engine ; which,  having  either 
no  vacuity,  or  none  that  is  confiderable  betwixt  its  known  parts,  the  adtions 
of  particular  bodies  upon  one  another,  muft  not  be  barely  eftimated,  as  if 
two  portions  of  matter,  of  their  bulk  and  figure,  were  placed  in  feme  imagi- 
nary fpace  beyond  the  world  *,  but  as  being  fituate  in  the  world,  conftituted 
as  it  now  is,  and  confequently  as  having  their  adtion  upon  each  other  liable 
to  be  promoted,  hindred,  or  modified  by  the  adtions  of  other  bodies.  A 
fmall  force  apply’d  to  move  the  index  of  a clock  to  the  figure  xii,  will  make 
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Physics,  the  hammer  often  ftrike  with  force  againft  the  bell,  and  caufe  much  more 
-J  commotion  among  the  wheels  and  weights,  than  a far  greater  force  would 
do,  if  the  texture  and  contrivance  of  the  clock  did  not  largely  contribute  to 
the  production  of  fuch  an  effed.  And  in  agitating  water  into  froth,  the 
whitenefs  would  never  be  produced  by  that  motion,  were  not  the  fun,  or 
other  lucid  body,  to  fhine  upon  that  aggregate  of  fmall  bubbles,  and  en- 
able them  confufedly  to  refled  numberlefs  little,  contiguous,  lucid  images  to 
the  eye.  Thus,  giving  a concave  figure  to  a large  metalline  fpeculum,  would 
never  enable  it  to  fire  wood,  and  to  melt  down  metals,  if  the  fun-beams 
were  not,  by  means  of  that  concavity,  thrown  to  a point.  And  to  fhew, 
by  an  eminent  inftance,  what  various,  and  different  effeds,  the  fame  adion 
of  a natural  agent  may  produce,  according  to  the  feveral  difpofitions  of  the 
bodies  it  works  upon  *,  in  two  eggs,  the  one  prolific,  the  other  not,  the 
fenfes  can,  perhaps,  find  no  difference  before  incubation  •,  yet,  thefe  bodies, 
v outwardly  alike,  fo  differ  in  the  internal  difpofition  of  their  parts,  that  if 

both  be  expofed  to  the  fame  degree  of  heat  *,  that  heat  will  change  the  one 
into  a putrid  and  fetid  fubflance,  and  the  other  into  a chick.  Farther,  I deny 
not,  that  bodies  may  be  faid  to  have  thofe  qualities,  we  call  fenfible,  tho’ 
there  were  no  animals  in  the  world  *,  for  a body,  in  that  cafe,  may  differ, 
from  thofe  which  are  now  quite  deftitute  of  quality,  in  having  fuch  a difpo- 
fition of  its  conftituent  corpufcles,  that  in  cafe  it  were  duly  apply ’d  to  the 
organ  of  fenfe  of  an  animal,  it  would  produce  fuch  a fenfible  quality,  which 
a body  of  another  texture  would  not : thus,  if  there  were  no  animals,  there 
would  be  no  fuch  thing  as  pain  •,  yet  a pin  may,  upon  account  of  its  figure, 
be  fitted  to  caufe  pain,  in  cafe  it  were  moved  againft  a man’s  finger  ^ whereas 
a bullet,  or  other  blunt  body,  moved  againft  it  with  no  greater  force,  would 
caufe  no  fuch  perception.  Thus  fnow,  tho’,  were  there  no  lucid  body, 
nor  organ  of  fight  in  the  world,  it  would  exhibit  no  colour,  hath  a 
greater  difpofition  than  a coal,  or  foot,  to  refled  light,  when  the  fun  fhineS 
upon  all  three.  And  fo  a lute  is  in  tune,  whether  it  be  adually  plaid  upon 
or  no,  if  the  firings  be  all  fo  duly  ftretched,  that  it  would  appear  to  be  in 
tune,  in  cafe  it  were  touched.  But,  if  a pin  fhould  be  thruft  into  a 
man’s  finger,  both  a while  before  and  after  his  death,  tho’  the  pin  be  as 
fharp  at  one  time  as  at  the  other,  and  makes  in  both  cafes  a like  folution  of 
continuity  *,  yet,  in  the  former  cafe,  the  adion  of  the  pin  will  produce  pain, 
and  not  in  the  latter  •,  becaufe  in  this,  the  pricked  body  wants  the  faculty 
of  perception : fo,  were  there  no  fenfitive  beings,  thofe  bodies  that  are  now 
the  objedsof  our  fenfes,  would  be  difpofed,  indeed,  to  yield  colours,  taftes, 
and  the  like*,  but  adually  pofiefs  only  thofe  more  general  properties  of  bo- 
dies, figure,  motion,  texture,  &c.  To  illuftrate  this  farther:  fuppofe  a man 
fhould  beat  a drum  at  fome  diftance  from  the  mouth  of  a cave,  conveniently 
fituated  to  refled  the  found  of  it  *,  tho’  men  will  prefently  conclude,  that 
cave  to  have  an  echo,  and  be  apt  to  fancy  upon  that  account,  fome  real 
property  in  the  place,  to  which  the  echo  is  faid  to  belong  *,  and  tho’  the 
fame  noife  made  in  many  of  the  neighbouring  places,  would  not  be  refleded 
to  the  ear,  and  confequently  manifeft  thofe  places  to  have  no  echoes  j yet. 
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to  fpeak  phyfically,  this  peculiar  quality  or  property  we  fancy  in  the  cave,  Ph  ysics. 
is  nothing  but  the  hollownefs  of  its  figure,  whereby  it  is  fo  difpofed,  when  J 

the  air  beats  againft  it,  as  to  refledl  the  motion  towards  the  place  whence  it 
began ; for  here  intervenes  only  the  figure  of  one  body,  and  the  motion  of 
another  •,  the*,  if  a man’s  ear  chance  to  be  in  the  way  of  thefe  motions  of 
the  air,  forwards  and  backwards,  it  gives  him  a perception  of  them,  which 
he  calls  found  : and,  becaufe  thefe  perceptions,  which  are  fuppofed  to  pro- 
ceed from  the  fame  percuflionof  the  drum,  and  thereby  of  the  air,  are  made 
at  diftindl  times  one  after  another  •,  that  hollow  body,  from  whence  the 
laft  found  appears  to  come  to  the  ear,  is  imagined  to  have  a peculiar  faculty*, 
upon  account  whereof  we  fay,  that  fuch  a place  hath  an  echo.  And  tho’  one 
body  often  feems  to  produce  in  another  feveral  fuch  qualities  as  we  call  fen- 
fiblc,  which  therefore  appear  not  to  require  any  reference  to  our  fenfes  ; I 
confider,  that  when  one  inanimate  body  works  upon  another,  there  is  no- 
thing really  produced  by  the  agent  in  the  patient,  except  fome  local  motion 
of  its  parts,  or  fome  change  of  texture  confequent  upon  that  motion  ; and 
fo  if  the  patient  comes  to  have  any  fenfible  quality,  that  it  had  not  before,  it 
acquires  it  upon  the  fame  account  with  other  bodies  : and  it  is  but  a ccnfe- 
quent  to  this  mechanical  change  of  texture,  that  by  means  of  its  effects  upon 
our  organs  of  fenfe,  we  are  induced  to  attribute  this  or  that  fenfible  qua- 
lity to  it.  As  in  cafe  a pin  fhould  chance,  by  fome  inanimate  body,  to  be 
driven  againft  a man’s  finger,  that  which  the  agent  doth,  is  but  to  put  a 
fharp  and  (lender  body  into  fuch  a kind  of  motion  ; and  that  which  the  pin 
doth,  is  to  pierce  into  the  body  it  meets  with,  not  hard  enough  to  refift  its 
motion : fo  that,  upon  this,  there  fhould  enfue  fuch  a thing  as  pain,  is 
but  a confequent,  that  fuperadds  nothing  of  real  to  the  pin,  which  occafions 
that  pain.  Thus,  if  a piece  of  transparent  ice  be,  by  the  fall  of  fome  hard 
body,  broken  into  a grofs  powder  that  looks  whitifti,  the  falling  body  doth 
nothing  to  the  ice,  but  break  it  into  very  fmall  fragments,  that  lie  confufedly 
upon  one  another  •,  tho’  by  reafon  of  the  fabric  of  the  world,  and  of  our  eyes, 
there  will,  in  the  light,  enfue,  upon  this  comminution,  fuch  a kind  of  plen- 
tiful reflection  of  the  incident  rays  to  our  eyes,  as  we  call  whitenefs  : and 
when  the  fun,  by  thawing  this  broken  ice,  deftroys  the  whitenefs  of  that 
portion  of  matter,  and  makes  it  tranfparent,  which  it  was  not  before,  it 
only  alters  the  texture  of  the  component  parts,,  by  putting  them  into  mo- 
tion, and  thereby  into  a new  order ; in  which,  by  reafon  of  the  difpofition 
of  the  pores  intercepted  betwixt  them,  they  refled  but  few  of  the  incident 
rays  of  light,  and  tranfmit  the  greater  part..  Thus  when  a rough  piece  of 
filver  is  burnilhed,  that  which  is  really  done,  is  but  the  depreflion  of  the 
little  protuberant  parts  into  one  level  with  the  reft  of  the  fuperficies  •,  tho’ 
upon  this  mechanical  change  of  the  texture  of  the  fuperficial  parts,  we  fay, 
that  it  hath  loft  the  quality  of  roughnefs,  and  acquir’d  that  of  fmoothnefs, 
becaufe  the  little  extancies,  by  their  figure,  before  refilled,. a little,  the  motion 
of  our  fingers,  and  grated  upon  them,  when  now  the  fingers  meet  with  no 
fuch  refiftance.  It  is  true,  the  fire  thaws  ice,  and  alfo  makes  wax  flow,  and 
enables  it  to  bum  a man’s  hand  j yet  this  doth  not  neceffarily  argue  any  inhe- 
rent 
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Physics,  rent  quality  of  heat  in  it,  d; ft i rift  from  the  power  it  hath  of  putting  the 
fmall  parts  of  the  wax  into  Inch  a motion,  as  makes  their  agitation  fur- 
mount  their  cohefion  j which  motion,  together  with  their  gravity,  is  e- 
nough  to  make  them,  for  a fealon,  conftitute  a fluid.  Aqua  fort  is , with- 
out any  fen  Able  heat,  will  give  camphire  the  form  of  a liquor  diftindt 
from  itfelf*,  as  a ftrong  fire  will,  alfo,  make  camphire  fluid.  And  I know 
a liquor,  into  which  certain  bodies  being  put,  when  both  itfelf  and  they 
are  a&ually  cold,  will  not  only  fpeedily  diflipate  many  of  their  parts  into 
fmoak,  but  leave  the  reft  black,  and  burnt  almoft  like  a coal.  So  that, 
tho’  we  fuppofe  the  fire  to  do  no  more,  than  varioufly  and  brifkly  agitate 
the  infenfible  parts  of  wax  *,  this  may  ftiflice  to  make  us  think  the  wax 
endowed  with  a quality  of  heat  *,  becaufe,  if  fuch  an  agitation  be  greater 

than  that  of  our  organs  of  touch,  ’tis  enough  to  produce  in  us  the  fenfa- 

tion  we  call  heat  *,  which  is  fo  much  a relative  to  thofe  organs,  that  we 
fee  the  fame  luke-warm  water,  whofe  corpufcles  are  only  moderately  agi- 
tated by  the  fire,  will  appear  hot  to  one  hand,  if  that  be  very  cold,  and 
cold  to  the  other,  in  cafe  that  be  very  hot,  tho’  both  of  them  belong  to  the 
fame  man.  In  fhort,  if  we  fancy  any  two  of  the  bodies  about  us,  to  have 
nothing  to  do  with  any  other  body  in  the  univerfe,  it  is  not  eafy  to  con- 
ceive, either  how  one  can  a£t  upon  the  other,  but  by  local  motion,  or 
how  by  motion  it  can  do  any  more,  than  put  the  parts  of  the  other  body 

into  motion  too,  and  thereby  produce  in  them  a change  of  fituation  and 

texture,  or  of  fome  other  of  its  mechanical  affedtions  : tho*  this  paflive 
body,  being  placed  among  others,  in  a world  conftituted  as  ours  is  now, 
and  being  brought  to  adt  upon  the  moft  curioufly  contriv’d  organs  of  ani- 
mals, may,  upon  both  thefe  accounts,  exhibit  many  different  phenomena ; 
which,  tho’  we  look  upon  them  as  diftindt  qualities,  are  but  the  effeds  of  the 
univerfal  properties  of  matter  *,  and  may  be  deduced  from  the  fize,  fhaps, 
motion,  (or  reft)  pofture,  order,  and  the  refulting  texture  of  its  infenfible 
parts.  And  therefore,  tho’  for  fhortnefs,  I fhall  not  fcrupJe  to  ufe  the 
word,  qualities ; flnee  it  is  already  generally  received,  I muft  be  underftood 
to  mean  it  in  a fenfe  fuitable  to  this  dodrine  *. 

, ^ y,  We  may  next  confider,  that  men  having  taken  notice  of  certain  acci- 

torm,  at'  at.  aflfocqateci  in  fome  bodies,  and  other  conventions  of  accidents  in 

others,  they,  for  convenieiacy,  and  the  more  expeditious  expreffion  of  their 
conceptions,  agreed  to  diftinguifh  them  into  feveral  forts  ; which  they  call 
genders,  or  fpecies,  according  as  they  referred  them,  either  upwards  to 
a more  comprehenfive  fort  of  bodies,  or  downwards  to  a narrower  fpecies, 
or  to  individuals.  Thus,  obferving  many  bodies  to  agree  in  being  fufible, 
malleable,  heavy,  &c.  they  gave  to  that  fort  of  body  the  name  of  metal  ; 
which  is  a genus,  in  reference  to  gold,  filver,  lead,  and  but  a fpecies  in 
reference  to  that  fort  of  mix’d  bodies  called  fofflls  ; this  fuperior  genus 
comprehending  both  metals,  ftones,  and  other  concretions,  though  itfelf 

{landing,  from  book  2.  ch.  23.  to  book  3. 
ch.  5. 


* For  a more  full  account  of  this  mat- 
ter, fee  Mr.  Locke' s Eflay  on  human  under- 
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be  but  a fpecies  in  refpe<ft  of  mix’d  bodies.  Now,  when  a body  is  referr’d  Ph  ysics. 
to  any  particular  fpecies  ; becaufe  men  have  agreed  to  fignify  all  the  efien-  f 

tials  requifite  to  conftitute  fuch  a body,  by  one  name,  moft  writers  have  been 
apt  to  think,  that,  befides  the  common  matter  of  all  bodies,  there  is  but  one 
thing  that  difcriminates  it  from  other  kinds,  and  makes  it  what  it  is  *,  and 
this,  for  brevity-fake,  they  call  form  •,  which,  becaufe  all  the  qualities, 
and  other  accidents  of  the  body,  muft  depend  on  it,  they  alfo  imagine  to 
be  a very  fubftance,  and,  indeed,,  a kind  of  foul,  that,  united  to  the 
grofs  matter,  with  it  compofes  a natural  body,  and  a6ls  by  the  feveral 
qualities,  to  be  found  therein,  which  men  ufually  afcribe  to  the  creature  fo 
compofed.  But  afk  a man  what  gold  is,  if  he  cannot  ihew  you  a piece, 
and  tell  you  this  is  gold,  he  will  defcribe  it  as  a body  that  is  extremely 
ponderous,  very  malleable,  dudlile,  fufible,  yet  fixed  in  the  fire,  and  of  a 
yellowifh  colour  ; and  if  you  offer  to  put  off  to  him  a piece  of  brafs  for  a 
piece  of  gold,  he  will  prefently  refufe  it  *,  and  tell  you,  thaty  though  your 
brafs  be  colour’d  like  thaty  it  is  not  fo  heavy,  fo  malleable,  nor  will,  like 
gold,  refill  the  fire,  or  Aquafortis . And  if  you  afk  men,  what  they  mean 
by  a ruby,  nitre,  or  pearl,  they  will  flill  make  you  fuch  anfwers,  from 
whence  you  may  clearly  perceive,  that  whatever  we  talk,  in  theory,  of  fub- 
ftantiul  forms,  yet  that,  upon  account  of  which,  we  really  diftinguifh 
any  one  body  from  another,  and  refer  it  to  this  or  that  fpecies  of  bodies, 
is  nothing  but  an  aggregate  or  convention  of  fuch  accidents,  as  moft  men, 
by  a kind  of  agreement,  think  neceffary,  or  fufficient  to  make  a portion  of 
the  univerfal  matter  belong  to  a determinate  genus  or  fpecies  of  natural 
bodies.  The  maintaining  it  poffible  to  tranfmute  the  ignobler  metals 
into  gold,  argues,  that  if  a man  could  bring  any  parcel  of  matter  to  be 
yellow,  malleable,  ponderous,  and  to  have  a concurrence  of  all  thofe  ac- 
cidents, by  which  men  try  true  gold  from  falfe,  they  would,  without 
fcruple,  take  it  for  true  gold.  And,  indeed,  fince  to  every  determinate 
fpecies  of  bodies,  there  belongs  more  than  one  quality,  there  needs  no 
more  fufficiently  to  difcriminate  any  one  kind  of  bodies,  from  all  others  in 
the  world,  not  of  that  kind.  Tho’  fpheres  and  parallelopipeds  differ  but 
in  fhape,  yet  this  difference  alone  is  the  ground  of  fo  many  others,  that 
Euclid , and  other  geometricians,  have  demonftrated  many  properties  of  the 
one,  which  in  no  wife  belong  to  the  other.  And  it  would  be  thought  a 
man’s  own  fault,  if  he  could  not  diftinguifh  a needle  from  a file,  or  a key 
from  a pair  of  fcifiars  *,  tho’  thefe  being  all  made  of  iron,  and  differing  but 
in  bignefs  and  drape,  are  lefs  remarkably  unlike,  than  natural  bodies  ; the 
moft  part  of  which  differ  from  each,  other  in  many  more  accidents  than 
two.  Nor  need  we  think,  that  qualities  being  but  accidents,  they  cannot 
be  efiential  to  a natural  body:  for  accident  is  fometimes  oppofed  to  fub- 
ftance, and  fometimes  to  eftence  ; and  tho’*  an  accident  can  be  but  acci- 
dental to  matter,  as  it  is  a fubftantial  thing,  yet  it  may  be  efiential  to  a par- 
ticular body  *,  as  tho’  roundnefs  is  but  accidental  to  brafs,  yet  it  is  efiential  to 
a brafs  lphere  •,  becaufe,  tho’  the  brafs  were  deftitute  of  fphericity,  it  would 
ftill  be  a corporeal  fubftance  > yet,  without  that  roundnefs,  it  could  not  be 
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a fphere:  wherefore,  fmce  an  aggregate  of  qualities  is  enough  to  make  the 
portion  of  matter,  wherein  it  is  found,  what  it  is,  and  denominate  it  of  a 
determinate  fort  of  bodies  and  fince  thofe  qualities  themfelves,  proceed 
from  the  more  primary  and  univerfalaffedtions  of  matter,  viz.  bulk,  fhape, 
motion,  or  reft,  and  the  texture  thence  refulting  •,  why  may  not  the  form 
of  a body,  made  up  of  thofe  qualities,  united  in  one  fubjed,  likewife  con- 
fift  in  fuch  a convention  of  the  mechanical  properties  of  matter,  as  is  ne- 
ceftary  to  conftitute  a body  of  that  determinate  kind  ? And  fo,  though  I 
fhall,  for  brevity-fake,  retain  the  word  form  •,  yet  I would  be  underftood 
to  mean  by  it,  not  a real  fubftance,  diftind  from  matter,  but  only  the 
matter  itfelf  of  a natural  body,  confider’d  with  its  peculi ar  manner  of  ex- 
iftence  ; which,  I think,  may  be  properly  called,  either  its  fpecifical  or 
denominating  ftate,  or  its  eftential  modification  *,  or,  to  exprefs  it  in  one 
word,  its  ftamp  : for  fuch  a convention  of  accidents,  is  fufficient  to  per- 
form the  offices  neceftarily  required  in  what  men  call  a form  •,  fince  it  ren- 
ders the  body  what  it  is,  making  it  appertain  to  a determinate  fpecies, 
and  diferiminating  it  from  all  other  fpecies  of  bodies  whatfoever.  It  is, 
I know,  laid  by  fome,  that  the  form  of  a body  ought  to  be  the  principle 
of  its  operation;  and  we  fhall  hereafter  confider,  in  what  fenfe  this  is  to 
be  admitted,  or  rejeded.  In  the  mean  time,  it  may  fuffice,  that  even  the 
vulgar  philofophy  acknowledges,  that  natural  things,  for  the  moft  part, 
operate  by  their  qualities  ; and  how  great  the  power  may  be,  which  a 
body  can  exercife  by  virtue  of  a fingle  quality,  will  appear  by  the  various 
effeds  which  fire  produces  by  its  heat.  And  if  feveral  adive  qualities 
convene  in  one  body,  (as  that  which  I mean  by  form,  ufually  comprizes 
feveral  of  them)  how  great  things  may  be  thereby  performed,  might  be 
guefs’d  from  what  we  fee  done  with  fome  engines,  by  virtue  of  thofe 
accidents,  the  fhape,  fize,  motion,  and  contrivance  of  their  parts.  But, 
befides  fuch  operations,  as  proceed  from  the  eftential  modification  of  the 
matter  of  the  body,  confider’d  as  one  intire  corporeal  agent,  it  may,  in 
feveral  cafes,  have  other  operations,  upon  account  of  thofe  particular  cor- 
pufcles,  which,  tho’  they  concur  to  compofe  it,  and  are,  in  regard  of 
the  whole,  confider’d  but  as  its  parts,  may  yet  retain  their  own  particular 
nature,  and  many  peculiar  qualities.  Thus  in  a watch,  befides  the  of- 
fice it  performs  as  fuch,  the  feveral  parts  whereof  it  confifts,  as  the 
fpring,  the  wheels,  the  firing,  &c.  may  have  each  its  peculiar  bulk,  fhape, 
and  other  attributes  *,  upon  account  of  one  or  more  of  which,  the  wheel, 
fpring,  &V.  may  do  other  things,  than  what  it  merely  performs  as  a con- 
flituent  part  of  the  watch.  And  fo  in  the  milk  of  a nurfe,  who  hath 
taken  a potion  fome  hours  before  fhe  gives  fuck  *,  tho’  the  corpufcles  of 
the  purging  medicine  appear  not,  to  fenfe,  diftind  from  the  other  parts 
of  the  milk,  which,  in  far  greater  numbers,  concur  with  them,  to  con- 
ftitute  that  white  liquor  ; yet  thefe  purgative  particles,  that  feem  to  be 
but  part  of  the  matter  whereof  the  milk  confifts,  fo  far  retain  their 
own  nature,  and  qualities,  that,  being  fucked  in  with  the  reft,  by  the  in- 
fant^  they  quickly  difeover  themfelves  by  purging  him. 
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8.  It  remains  that  we  declare,  what  is  to  be  meant  by  generation,  cor- Physics. 

mption,  and  alteration.  In  order  whereto,  we  may  confider  •,  firft,  that  

there  are  in  the  world  numberlels  particles  of  matter,  each  of  which  is 
too  lmall  to  be  fingly  fenfible  •,  which,  being  intire  and  undivided, 
needs  both  have  its  determinate  fhape,  and  be  very  folid  ; fo  that,  tho*  it 
be  mentally  divifible,  yet,  by  reafon  of  its  fmallnefs,  and  folidity,  nature 
fcarce  ever  actually  divides  it:  and  fuch  particles  might,  in  this  fenfe,  be 
called  minima , or  prima  naturalia  * . Secondly,  there  are  alfo  multitudes 
of  corpufcles,  which  are  made  from  the  coalition  of  feveral  of  the  former 
minima  naturalia , whofe  bulk  is  fo  fmall,  and  their  adhefion  fo  clofe,  that 
each  of  thele  little  primitive  concretions,  or  clufters  of  particles,  is  fingly 
below  the  difeernment  of  fenfe  ; and  tho*  not  abfolutely  indivifible  by  na- 
ture into  the  prima  naturalia  that  compofed  it,  or,  perhaps,  into  other  lit- 
tle fragments  *,  yet  they  very  rarely  happen  to  be  adtually  diffolved,  or 
broken  ; but  remain  intire  in  a great  variety  of  fenfible  bodies,  and  under 
various  forms,  or  difguizes.  Thus,  even  groffer  and  more  compound  cor- 
pufcles, may  have  fuch  a permanent  texture : for  quick-filver  may  be  turned 
into  a red  powder,  a malleable  body,  or  a fugitive  fmoke ; and  difguized 
by  many  other  ways,  and  yet  remain  true  and  recoverable  mercury.  And 
thefe  are,  as  it  were,  the  feeds,  or  immediate  principles  of  many  forts  of 
natural  bodies  ; viz.  earth,  water,  fait,  &c.  and,  tho’ fingly  infen fible,  they 
become  capable,  when  united,  to  affetft  the  fenfe.  If  good  camphire  be  kept 
a while  in  pure  fpirit  of  wine,  it  will  be  thereby  reduced  into  fuch  little 
parts,  as  totally  to  difappear  in  the  liquor,  without  making  it  lefs  clear  than 
fair  water  ; yet,  if  into  this  mixture,  you  pour  a competent  quantity  of  water, 
in  a moment  the  fcatter’d  corpufcles  of  the  camphire  will,  by  re -uniting 
themfelves,  become  white,  and  vifible,  as  before.  Thirdly,  as  well 
each  of  the  minima  naturalia , as  each  of  the  primary  clufters,  having 
its  own  determinate  bulk  and  fhape,  it  muft  always  happen,  when  thefe 
come  to  adhere  to  one  another,  that  the  fize,  and  often,  that  the  figure  of 


* “It  Teems  probable  to  me,”  fays  Sir 
IJ'aac  Newton,  “ that  God,  in  the  begin- 
“ ning,  formed  matter  into  folid,  mafly,  hard, 

“ impenetrable,  moveable  particles,  of  fuch 
“ fizes  and  figures,  and  with  fuch  other  pro- 
“ perties,  and  in  fuch  proportion  to  fpace,  as 
“ molt  conduced  to  the  end  for  which  he 
“ formed  them  ; and  that  thefe  primitive  par- 
“ tides,  being  folids,  are  incomparably  harder 
“ than  any  porous  bodies  compounded  of  them ; 

“ even  fo  hard,  as  never  to  wear,  or  break  in 
“ pieces;  no  ordinary  power  being  able  to 
divide  what  God  himfelf  made  one  in  the 
“ firft  creation.  While  thefe  particles  con-  J 
“ tinue  entire,  they  may  compofe  bodies  of 
one  and  the  fame  nature,  and  texture,  in 
“ all  ages : but  fhould  they  wear  away,  or 


“ break  in  pieces,  the  nature  of  things  de- 
“ pending  on  them  would  be  changed.  Wa- 
“ ter  and  earth,  compofed  of  old  worn  par- 
“ tides,  and  fragments  of  particles,  would 
“ not  be  of  the  fame  nature  and  texture 
“ now  with  water  and  earth,  compofed  of  en- 
**  tire  particles  in  the  beginning.  And  there- 
“ fore,  that  nature  may  be  tailing,  the 
“ changes  of  corporeal  things  are  to  be  placed 
“ only  in  the  various  feparations,  and  new 
“ aftociations  and  motions  of  thefe  perma- 
“ nent  particles ; compound  bodies  being  apt 
“ to  break,  not  in  the  midft  of  folid  particles, 
J “ but  where  thefe  particles  are  laid  together, 
“ and  only  touch  in  a few  points.”  Newton. 
“ Optic,  p.  375,  376. 
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Physics,  the  corpufcle,  compos’d  by  their  juxta-pofition  and  cohefion,  will  be  chan- 
— y- — 'ged;  and  not  feldom  too,  the  motion  of  the  one,  the  other,  or  both, 
will  receive  a new  tendency,  or  be  alter’d  as  to  its  velocity,  or  other- 
wife  : and  the  like  will  happen,  when  the  corpufcles,  that  compofe  a duller 
of  particles,  are  disjoined,  or  part  of  the  little  mafs  is  broken  off.  And, 
whether  any  thing  of  matter  be  added  to  a corpufcle,  or  taken  from  it,  in 
either  cafe  the  fize  of  it  mull  neceffarily  be  altered,  and,  for  the  moll  part, 
the  figure  will  be  fo  too  •,  whereby  it  will  both  acquire  a congruity  to  the 
pores  of  fome  bodies,  and  become  unfit  for  thofe  of  others ; and  confe- 
quently  be  qualified  to  operate  on  feveral  occafions,  much  otherwife  than 
before.  Fourthly,  when  many  of  thefe  infenfible  corpufcles  come  to  be  affocia- 
ted  into  one  vifible  body,  if  moll  of  them  be  put  into  motion,  from  what 
caufefoever  the  motion  proceeds,  that  itfelf  may  produce  great  changes,  and 
new  qualities  in  the  body  they  compofe : for  motion  may  do  this  even  when 
it  makes  no  vifible  alteration  in  the  body  as  air  put  in  a current,  acquires  a 
new  name,  and  is  called  wind,  and,  to  the  touch,  appears  far  colder,  than  the 
fame  air,  not  formed  into  allream  •,  and  iron,  by  being  brilkly  rubbed  againft 
wood,  or  other  iron,  hath  its  fmall  parts  fo  agitated,  as  to  feel  hot.  This  mo- 
tion, alfo,  frequently  makes  vifible  alterations  in  the  texture  of  the  body,  into 
which  it  is  received  ; for  the  moved  parts  always  endeavour  to  communicate 
their  motion,  or  fome  degree  of  it,  to  parts,  which  before  were  either  at  reft, 
or  otherwife  moved  •,  and,  often,  the  fame  moved  parts  thereby  either  disjoin, 
or  break  fome  of  the  corpufcles  they  hit  againft ; and  fo  change  their  bulk, 
or  lhape,  or  both-,  and  either  drive  fome  of  them  quite  out  of  the  body,  and, 
perhaps,  lodge  themfelves  in  their  places,  or  elfe  affociate  them  with  others 
anew,  whence  itufually  follows,  that  the  texture  is,  for  a while  at  leaft,  much 
altered.  Thus  water,  by  lofing  the  wonted  agitation  of  its  parts,  acquires 
the  firmnefs  and  brittle tiefs  we  find  in  ice  ; and  wants  much  of  the  tranfpa- 
rency  it  had  when  fluid.  Thus,  alfo,  by  very  hard  rubbing  two  pieces  of 
refinous  wood  againft  one  another,  we  may  make  them  throw  off  many  of 
their  loofer  parts  into  Hearns,  and  vifible  fmoke  and,  if  the  attrition  be  du- 
ly continued,  caufe  that  commotion  fo  to  change  the  texture  of  the  whole, 
as  afterwards  to  turn  the  fuperficial  parts  into  a kind  of  coal.  And  milk, 
efpecially  in  hot  weather,  will,  by  the  inteftine  languid  motions  of  its  parts, 
be,  in  a lhort  time,  turned  into  a thinner  fort  of  liquor,  and  into  cream  *,  the 
latter  whereof,  will,  by  being  barely  agitated,  loon  turn  into  that  un&uous 
and  confiftent  body  we  call  butter,  and  into  a thin,  fluid,  and  four  liquor. 
In  like  manner,  by  bruifing  fruit,  its  texture  is  commonly  fo  changed, 
that  the  bruifed  part  foon  becomes  of  a different  nature  from  the  found  ; 
and  of  another  colour,  tafte,  fmell,  and  confiftence.  So  that  local  mo- 
tion hath,  of  all  other  affedlions  of  matter,  .the  greateft  lhare  in  the  alte- 
ration and  modification  thereof  i fince  it  is  not  only  the  grand  efficient  a- 
mong  fecond  caufes,  but  is  alfo,  frequently,  one  of  the  principal  things,  that 
conllitutes  the  form  of  bodies  } as  when  two  Hicks  are  fired  by  long  and 
vehement  attrition,  local  motion  is  not  only  that  which  kindles  the  wood, 
and  fo,  as  an  efficient,  produces  the  fire,  but  that,  which  principally  con- 
curs 
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curs  to  give  the  produced  ftream  of  fhining  matter  the  name  and  nature  oFPhys 
flame  i and  thus  it,  likewife,  concurs,  to  conftitute  all  fluid  bodies.  Fifth-  v— — ^ 
ly,  Since  it  is  from  the  fize,  fhape,  and  motion  of  the  fmall  parts  of  mat- 
ter, and  the  texture  that  refults  from  the  manner  of  their  being  difpofed  in 
any  body,  that  the  colour,  odour,  tafte,  and  other  qualities  of  that  body, 
are  to  be  derived  ; it  will  be  eafy  to  judge  fuch  changes  pofllble,  as  may 
account  for  the  generation  and  corruption  of  bodies,  from  the  convention, 
diflolution,  and  the  alterations  of  them,  by  the  tranfpofitioil  of  their  condi- 
ment particles. 

And  hence  will  eafily  flow  the  do£trine  of  generation,  corruption,  and 
alteration.  For  if  in  a parcel  of  matter  there  happen  fuch  a concurrence  of 
all  thofe  accidents,  as  men,  by  tacit  agreement,  have  thought  neceflary  and 
fufficient  to  conftitute  any  one  determinate  fpecies  of  things  *,  then  a body 
belonging  to  that  fpecies  is  generated  de  novo.  Not  that  there  is,  really, 
any  thing  fubftantial  produced,  but  that  thofe  parts  of  matter,  which,  in- 
deed, pre-exifted  in  other  difpofltions,  are  now  brought  together  after  a 
manner,  requifite  to  entitle  the  body  which  refults  from  them,  to  a new  de- 
nomination, and  make  it  appertain  to  fuch  a determinate  fpecies  of  natural 
bodies  *,  fothat  no  new  fubftance  is  produced  in  generation,  only  that,  which 
was  pre-exiftent,  obtains  a new  modification,  or  manner  of  exiftence. 

Thus  when  the  fpring,  wheels,  firing,  balance,  index,  £s?r.  neceflary  to  a 
watch,  are  fet  together  in  the  order  requifite  to  make  luch  a little  engine  as 
fhall  mark  the  hours,  a watch  isfaid  to  be  made  *,  tho’  none  of  the  parts  are 
produced  anew,  but  ’till  then  the  divided  matter  was  not  contrived  and  put 
together,  in  the  manner  requifite  to  conftitute  the  thing  we  call  a watch.  And 
fo,  when  fand  and  allies  are  well  melted  together,  and  fuffer’d  to  cool,  there 
is  generated,  by  the  colliquation,  that  fort  of  concretion,  we  call  glafs  ; tho* 
its  ingredients  were  both  pre-exiftent,  and  do,  but  by  their  aflociation,  obtain 
a new  manner  of  exifting  together.  And,  as  a body  isfaid  to  be  generated, 
when  it  firft  appears  clothed  with  all  thofe  qualities,  upon  account  whereof 
men  call  fome  bodies  ftones,  others  metals,  others  falts,  &c.  fo  when  a bo- 
dy comes  to  lofe  all  or  any  of  thofe  accidents  that  are  eflential,  and  neceflary* 
to  conftitute  fuch  a body,  it  is  then  faid  to  be  corrupted  or  deftroy’d  •,  and 
is  no  more  a body  of  that  kind,  but  lofes  the  title  to  its  former  denomina- 
tion *,  tho’  nothing  corporeal  or  fubftantial  perifhes  in  this  change,  only  the 
eflential  modification  of  the  matter  is  deftroy’d  ; and  tho’  the  body  be  ftill  a 
body,  yet  it  is  no  longer  fuch  a body  as  before,  but  perifheth  in  the  capaci- 
ty of  a body  of  that  kind.  Thus,  if  a ftone,  falling  upon  a watch,  break 
it  to  pieces  •,  as,  when  the  watch  was  made,  there  was  no  new  fubftance 
produced,  all  the  material  parts  being  pre-exiftent  fomewhere  or  other ; fo, 
not  the  leaft  part  of  the  fubftance  of  the  watch  is  loft,  but  only  difplaced  and 
fcattered  •,  yet  that  portion  of  matter  ceafeth  to  be  a watch.  Thus,  when 
ice  conies  to  be  thawed  in  clofe  veflels,  tho’  the  corruption  be  produced  only 
(for  ought  appears)  by  introducing  a new  motion  and  difpofltion  into  the 
parts  of  the  frozen  water,  yet  it  thereupon  ceafeth  to  be  ice,  tho*  it  remains 
as  much  water,  and,  confequently,  as  much  a body,  as  before  it  was  frozen, 
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Ph  ysics.  or  thawed.  Thefe,  and  the  like  examples,  will  teach  us  how  to  underdand 

w that  common  axiom  of  naturalills,  corruptio  unius  eft  generatio  alterius , &?  e 
contra  ; for,  fince  it  is  acknowledged  on  all  hands,  that  matter  cannot  natu- 
rally be  annihilated  •,  and,  fince  there  are  fome  properties,  as  fize,  fliape, 
motion,  &c.  that  are  infeparable  from  the  adtual  parts  of  matter  •,  fince  alfo 
the  coalition  of  any  competent  number  of  thefe  parts  is  fufficient  to  condi  - 
tute  a natural  body,  endowed  with  feveral  fenfible  qualities  ♦,  the  fame  agents, 
that  lhatterthe  frame,  anddedroy  the  texture  of  one  body,  will,  by  fhuffling 
them  together,  and  difpofing  them  after  a new  manner,  neceffarily  bring 
them  to  conditute  fome  new  fort  of  bodies : as  the  fame  thing,  that,  by 
burning,  dedroys  wood,  turns  it  into  flame,  foot,  and  aides.  Only  I doubt, 
whether  the  axiom  holds  generally  true,  if  it  be  meant,  that  every  corrup- 
tion muft  end  in  the  generation  of  a body,  belonging  to  fome  particular  lpe- 
cies  of  things,  unlefs  we  take  powders  and  fluid  bodies,  indefinitely,  for  fpe- 
cies  of  natural  bodies  *,  fince  it  is  plain,  there  are  multitudes  of  vegetables, 
and  other  concretions,  which,  when  they  rot,  do  not  turn  into  worms,  but 
either  into  fome  (limy  or  watry  fubdance,  or  elfe  crumble  into  a kind  of  dull 
or  powder,  which,  tho*  edeem’d  the  earth,  whereinto  rotten  bodies  are,  at 
length,  refolved,  is  very  far  from  being  of  an  elementary  nature,  but  as  yet 
remains  a compound  body,  retaining  fome  qualities  ; whence,  often,  the 
dud  of  one  fort  of  plant,  or  animal,  differs  much  from  that  of  another. 

To  this  account  of  the  corruption  of  bodies,  we  may  add,  that  their  pu- 
trefaction is  but  a peculiar  kind  of  flow  corruption,  which  happens  to  them, 
for  the  mod  part,  by  means  of  the  air,  or  fome  other  ambient  fluid,  pene- 
trating their  pores,  and,  by  its  agitation,  changing  the  texture,  and,  per- 
haps too,  the  figure  of  the  corpufcles  that  compofe  them  ; whence  the  body, 
thus  changed,  acquires  qualities  unfuitable  to  its  former  nature,  and  gene- 
rally, offenfive  to  our  fenfes.  For  I obferve,  that  medlars,  tho*  they  acquire, 
in  length  of  time,  the  colour  and  foftnefs  of  rotten  apples,  and  other  putre- 
fied fruit ; yet,  becaufe  their  tade  is  not  then  harfh  as  before,  we  call  that 
ripenefs  in  them,  which  otherwife  we  fhould  call  rottennefs.  And  tho’  up- 
on the  death  of  a bead,  we  generally  call  that  change,  which  happens  to  the 
flefh  or  blood,  putrefa&ion ; yet  we  fay  not  fo  of  what  happens  to  thofe 
parts  of  the  fame  animal,  whereof  mufk  is  made,  becaufe  that  has  a grate- 
ful fcent.  And  we  fee,  that  fome  men,  who  are  pleafed  with  rotten  clieefe,, 
think  it  not  to  have  degenerated,  but  to  have  now  attained  its  bed  date.  But 
as  a body  feldom  acquires,  by  generation,  no  other  qualities,  than  jud  fuch 
as  are  abfolutely  neceflary  to  rank  it  in  the  fpecies  that  denominates  it ; there 
are  in  mod  bodies  feveral  other  qualities,  that  may  be  prefent  or  abfent 
without  efientially  changing  the  fubject:  thus  water  may  be  clear  or  muddy, 
fweet  or  fetid,  and  dill  remain  water  j butter  may  prove  white  or  yellow, 
f.veet  or  rancid,  confident  or  fluid,  and  dill  be  butter.  Whenever,  there- 
lore,  a parcel  oi  matter  acquires  or  lofes  a quality,  that  is  not  eflential  to 
it,  thatacquifition  or  lofs  is  didindtly  called  alteration  ; and  even  generation 
and  corruption,  according  to  this  dodrine,  are  but  feveral  kinds  of  altera- 
tion, taken  in  a large  fenfe. 


And 
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And  here  we  may  take  notice  of  the  fertility  and  extent  of  themechani-  Physics, 
cal  hypothecs  ; for  fince,  according  to  our  doftrine,  the  world  we  lire  in, 
is  not  a movelefs  or  indigefted  mafs  of  matter,  but  an  engine,  wherein  the  ^ e^ri°fe% 
greateft  part  of  the  common  matter  of  all  bodies  is  always  in  motion  *,  and 
wherein  bodies  are  fo  clofe  fet  by  one  another,  that  they  have  either  no  va- 
cuities betwixt  them,  or  but  few  and  very  fmall  ones  *,  and  fince,  according 
to  us,  the  various  manner  of  the  coalition  of  feveral  corpufcles  into  one  vifi- 
ble  body,  is  enough  to  give  them  a peculiar  texture,  and  thereby  fit  them  to 
exhibit  many  fenfible  qualities,  and  to  become  a body,  fometimes  of  one  de- 
nomination, and  fometimes  of  another  i it  will  naturally  follow,  that  from 
the  various  occurfions  of  thofe  innumerable  fwarms  of  little  bodies,  that  are 
moved  about  in  the  world,  there  mull  be  many  fitted  to  ftick  to  one  another, 
and  fo  compofe  concretions  *,  many  disjoined  from  one  another,  and  agitated 
apart  •,  and  multitudes  alfo,  that  will  be  driven  to  afiociate  themfelves,  now 
with  one  body,  and  again  with  another.  And,  if  we,  alfo,  confider  on  the 
one  fide,  that  the  fizes  of  the  fmall  particles  of  matter  may  be  very  various, 
and  their  figures  almoft  innumerable  *,  that  if  a parcel  of  matter  happen  to 
ftick  to  one  body,  it  may  chance  to  give  it  a new  quality  i and,  if  it  adhere 
to  another,  or  hit  againft  fome  of  its  parts,  conftitute  a body  of  a new  kind*, 
or,  if  a parcel  of  matter  be  ftruck  oft'  from  another,  it  may  barely,  by  that, 
leave  it,  and  itfelf  become  of  a different  nature  from  that  it  had  before  : 
if,  I fay,  we  confider  thefe  things,  it  will  not  be  hard  to  conceive,  that 
there  may  be  an  incomprehenfible  variety  of  affociations  and  textures  of  the 
minute  parts  of  bodies,  and  confequently,  a vaft  multitude  of  portions  of 
matter  endowed  with  many  different  qualities  deferving  diftind;  appella- 
tions *,  tho*  for  want  of  care  and  proper  words,  men  have  not  yet  taken  fo 
much  notice  of  their  lefs  obvious  varieties,  as  to  fort  them,  as  they  deferve, 
and  give  them  diftind:  and  proper  names.  So  that  tho?  I would  not  fay, 
any  thing  may  immediately  be  made  of  every  thing,  as  a gold  ring  of  a 
wedge  of  gold,  or  oil,  or  fire,  of  water-,  yet,  fince  bodies  having  but  one 
common  matter,  can  be  differenced  but  by  accidents,  which  feem,  all  of  them, 
the  effects  and  confequence  of  local  motion,  ’tis  not  abfurd  to  think,  that 
by  the  intervention  of  fome  very  fmall  addition  or  fubftradion  of  matter,, 
and  of  an  orderly  feries  of  alterations,  gradually  difpofing  the  matter  to  be 
tranfmuted,  almoft  any  thing  may,  at  length,  be  made  of  any  thing  ; as,  tho’ 
out  of  a wedge  of  gold,  one  cannot  immediately  make  a ring,  yet  by  either 
wiredrawing  that  wedge,  by  degrees,  or  by  melting  it,  and  calling  a little 
of  it  into  a mould,  the  thing  may  be  effected.  And  fo,  tho*  water  cannot 
immediately  be  tranfmuted  into  oil,  much  lefs  into  fire,  yet  if  you  nourifh 
certain  plants  with  water  alone,  till  they  have  afiimilated  a great  quantity  of 
it  into  their  own  nature,  you  may,  by  committing  this  tranfmuted  water  to 
diftillation,  in  convenient  glaffes,  obtain,  befides  other  things,  much  of  a 
true  oil,  and  a black  combuftible  coal*. 

What 

* Sir  Tfanc  Newton  Teems  to  be  of  opinion,  | the  Tr. ell  of  bodies,  light.  <x  The  charging 
that  even  grofs  bodies  are  convertible  into  j “ of  bodies  into  light,  and  light  into  bodies, 

“ is. 
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Ph  ysi  cs.  What  we.  would  prove,  is,  at  length,  this  •,  firft,  that  the  matter  of  all  natu- 
bodies  is  a fubftance  extended  and  impenetrable.  That  all  bodies  thus  a- 
freeing  in  the  lame  common  matter,  their  diftindtion  is  to  be  taken  from  thofe 
accidents  which  diverfify  it.  That  motion,  not  being  eflential  to  matter,  and 
not  originally  producible  by  other  accidents,  as  they  are  from  it,  may  be 
look’d  upon  as  the  firft  and  chief  mode  oraffedtion  of  matter.  That  motion 
varioufly  determined,  naturally  divides  the  matter,  it  belongs  to,  into  adtual 
fragments  ; and  this  divifion,  obvious  experience  manifefts  to  have  been  made 
into  parts  exceedingly  minute,  and  very  often  too  minute  to  be  fmgly  per- 
ceivable by  our  fenfes.  Whence  it  neceffarily  follows,  that  each  of  thefe 
minute  parts,  or  minima  naturalia , (as  well  as  every  particular  body,  made 
up  by  the  coalition  of  any  number  of  them)  muft  have  its  determinate  fize* 
and  fhape  and  that  thefe  three,  bulk,  figure,  and  either  motion  or  reft,  are 
the  primary  and  moft  univerfal  modes  of  the  infenfible  parts  of  matter,  con- 
fider’d  each  of  them  apart.  That  when  feveral  of  them  are  confider’d  toge- 
ther, there  will  neceffarily  follow,  both  a certain  pofition  and  pofture  in  re- 
gard to  the  horizon,  and  a certain  order  before,  behind,  or  a-fide  of  one  a- 
nother  *,  and  when  many  of  thefe  fmall  parts  convene  into  one  body,  from 
their  primary  affedtions,  and  their  difpofition  or  contrivance  as  to  pofture 
and  order,  there  refults  what  we  call  the  texture  of  that  body.  And  thefe 
are  the  affedtions  that  belong  to  a body,  confider’d  in  itfelf,  without  relation 
to  fenfitive  beings,  or  to  other  natural  bodies.  We  would  further  lhew,  that 
there  being  men  in  the  world,  whofe  organs  of  fenfe  are  fo  differently  con- 
trived, that  one  is  fitted  to  receive  impreffions  from  fome,  and  another  from 
other  forts  of  external  objedts  the  perceptions  of  thefe  impreffions  are  diffe- 
rently exprefs’d  bywords,  as  heat,  colour,  found,  odour-,  and  are  com- 
monly imagined  to  proceed  from  certain  diftindt  and  peculiar  qualities  in 
the  external  objedt,  bearing  a refemblance  to  the  ideas,  which  their  adf  ion 
upon  the  fenfes  excites  in  the  mind  tho’  all  thefe  feniible  qualities,  and  the. 
reft  to  be  met  with  in  the  bodies  without  us,  are  but  the  effedts  or  confe- 
quents  of  the  primary  affedtions  of  matter,  whofe  operations  are  diverfified 
according  to  the  nature  of  the  organs,  or  other  bodies  they  affedt.  That 
when  a portion  of  matter,  either  by  the  accefs  or  recefs  of  corpufcles,  or  by 
the  tranfpofition  of  thofe  it  confifted  of  before,  or  by  any  two  or  all  of  thefe 
ways,  obtains  a concurrence  of  all  the  qualities  men  commonly  agree  to  be 
neceffary  and  fufficient  to  denominate  the  body  poffefs’d  of  them,  a metal, 
a (tone,  or  the  like,  and  to  rank  it  in  any  peculiar  and  determinate  fpecies 
of  bodies  then  a body  of  that  denomination  is  faid  to  be  generated.  And 


“ is,”  fays  that  great  Philofopher,  very 
“ conformable  to  the  courfe  of  nature, 
“ which  feems  delighted  with  tranfmutati- 
“ ons.  Water,  which  is  a very  fluid,  taft- 
“ lefs  fait,  flie  changes  by  heat  into  vapour, 
« which  is  a fort  of  air  ; and  by  cold  into 
“ ice,  which  is  a hard,  pellucid,  brittle, 
e fufible  itone : and  this  ftone  returns  into 


“ water  by  heat ; and  vapour  returns  into 
“ water  by  co  d.  Earth  by  heat  becomes 
“ fire,  and  by  cold  returns  into  earth.  Denfe 
“ bodies,  by  fermentation,  rarify  into  fe- 
“ veral  forts  of  air  ; and  this  air,  by  fer- 
“ mentation,  and  fometimes  without  it,  re- 
“ turns  into  denfe  bodies.”  See  Newton. 
Optic,  p.  349,  350. 


this 
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this  convention  of  effential  a-  cnts  being  taken  together  for  the  fpecific  Physics. 
differen  t that  conftitutes  the  body,  and  uikviminates  it  from  all  other  lbrts,  ’L~*  J 
is  by  cue  name,  becaufe  confider’d  as  one  colledlive  thing,  called  its  form  *, 
which,  confequently,  is  but  a certain  chara&cr,  or  a peculiar  (fate  of  matter, 
or  an  effential  modification.  Laftly,  we  would  fhow,  that  a body  being  capa- 
ble of  many  other  qualities,  befides  thofe,  whofe  convention  is  necefTary  to 
make  up  its  form  ; the  acquifition  or  lofs  of  any  fuch  quality  is  termed  al- 
teration ; as  when  oil  comes  to  be  frozen,  change  colour,  or  grow  rancid  ; 
but  that  if  all,  or  any  of  the  qualities,  reputed  effential  to  fuch  a body,  come 
to  be  loft  or  deftroy’d,  fuch  a remarkable  change  is  called  corruption  ; as 
when  oil  takes  fire,  the  oil  is  not  faid  to  be  altered,  but  corrupted  or  de- 
ftroy’d,  and  fire  generated;  and  that  when  the  body  is  flowly  corrupted, 
and  thereby  alfo  acquires  qualities  oftenfive  to  our  fenfes,  efpecially  the  lmell 
and  tafte,  that  kind  of  corruption  is  called  putrefadlion  *,  but  that  nothing 
fubflantial,  either  in  this,  or  any  other  kind  of  corruption,  is  deftroy’d,  on- 
ly that  particular  connexion  of  the  parts,  or  manner  of  their  co-exiftence, 
upon  account  whereof  the  matter  was  term’d  aflone,  or  a metal,  or  belong’d 
to  any  other  determinate  fpecies  of  bodies. 

SECT.  IT. 

TH  E origin  of  forms,  tho’  thought  the  nobleft,  hath  yet  been  found  The  vulgar 
one  of  the  mod  perplexed  inquiries  in  philofophy,  efpecially  as  mana- Joanne  of 
ged  by  the  fchools.  The  fum  of  the  controverfy  betwixt  us  and  them,  is,*^^  " 

■whether  the  forms  of  natural  things  be,  in  generation,  educed,  as  they  fpeak, 
out  of  the  power  of  the  matter  ; and,  whether  thefe  forms  are  true  fubflantial 
entities,  diflindl  from  the  other  fubflantial  principle  of  natural  bodies,  that 
is,  matter.  The  reafons  which  move  me  to  embrace  the  negative,  are  prin- 
cipally thefe.  Firfl,  I fee  no  necefllty  for  admitting  any  fuch  fubflantial  forms 
in  natural  things*,  matter,  and  its  accidents,  being  fufficient  to  explain  as 
much  of  the  phenomena  of  nature,  as  we  are  likely  to  underfland  *.  In  the. 
next  place,  I fee  no  ufe  of  this  puzzling  dodlrine  of  fubflantial  forms  in  natu- 
ral philofophy ; nor  can  imagine  how  particular  phenomena  fhould  be  ex- 
plain’d by  a principle,  whofe  nature  is  unknown.  And,  laftly,  I cannot 
conceive,  how  forms  fhould  be  generated,  as  the  peripatetics  would  have  it; 
nor  how  the  things  they  aferibe  to  them,  are  confident  with  the  principles 
of  true  philofophy,  or  even  with  what  themfelves  otherwife  teach.  I know 
the  fchoolmen  here  take  refuge  in  an  obfeure  diftin&ion,  and  tell  us,  that 
the  power  of  matter,  with  regard  to  forms,  is  partly  edu£live,  as  the  agent 
can  make  the  form  out  of  it,  and  partly  receptive,  whereby  it  can  receive 
the  form  fo  made : but,  fmee  thofe  who  fay  this,  will  not  allow,  that  the 
form  of  a generated  body  was  adually  pre-exiftent  in  its  matter,  or  anywhere 
elfe,  it  is  hard  to  conceive  how  a fubllance  can  be  'educed  out  of  another 

* ’Tis  Sir  Ifaac  Newton's  firfl:  rule  in  phi-  fufficient  to  folve  the  phenomena  Newton 
Icfophy,  that  no  other  caufes  fhould  there-  Princip.  p.  357. 
in  be  admitted,  but  fuch  as  are  true,  and 
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fubftance  totally  diftirdt  in  nature  from  it,  without  being,  before  fuch  educ- 
tion, actually  exiftent  in  it.  And  as  for  the  receptive  power  of  the  matter, 
that  but  fitting  it  to  receive  or  lodge  a form,  when  united  with  it ; how  can 
it  be  intelligibly  made  appear  to  contribute  to  the  produdlion  of  a new  fub- 
ftance, of  a quite  different  nature  from  that  matter,  tho’  it  harbours  it  when 
produced  ? It  is  plain,  that  the  human  body  hath  a receptive  power  with 
regard  to  the  human  foul,  which  yet  themfelves  confefs,  both  to  be  a fub- 
ftantial form,  and  not  to  be  educed  out  of  the  power  of  matter.  Indeed,  if 
they  would  admit  the  form  of  a natural  body  to  be  but  a more  fine  and  fub- 
tile  part  of  the  matter,  (as  fpirit  of  wine  is  of  wine,  which, upon  the  recefs  there- 
of, remains  no  longer  wine,  but  phlegm,  or  vinegar,)  then  the  edudlive  power 
of  matter  might  fignify  fomething : and  fo  it  might,  if  they  would  allow 
the  form  to  be  but  a modification  of  the  matter  ; tor  then  it  would  import, 
that  the  matter  may  be  fo  ordered  or  difpofed  by  fit  agents,  as  to  conftitute 
a body  of  a particular  fort,  and  denomination  : as  the  form  of  a fphere  may 
be  faid  to  lurk  potentially  in  a piece  of  brafs,  becaufe  the  brafs  may,  by 
catling,  turning,  or  other  wife,  be  fo  figur’d,  as  to  become  a fphere.  But 
this  they  will  not  admit,  left  they  fhould  make  forms  to  be  but  accidents  ; 
tho*  it  is,  for  ought  I know,  as  little  intelligible,  how,  what  is  educed  out 
of  any  matter,  without  being  either  pre-exiftent,  or  any  part  of  the  matter, 
can  be  a true  fubftance  •,  as  how  that  roundnefs  which  makes  a piece  of  brafs 
become  a fphere,  can  be  a new  fubftance  in  it.  Nor  can  they  admit  the 
other  way  of  educing  a form  out  of  matter,  as  fpirit  out  of  wine,  becaufe 
then  matter  will  be  corruptible,  contrary  to  their  dodlrine  ; and  matter  and 
form  not  be  two  different  and  fubftantial  principles,  only  one  and  the  fame, 
tho*  diverfify’d  by  firmnefs,  groffhefs,  &V.  which  are  but  accidental  diffe- 
rences. I know  they  fpeak  much  of  the  efficacy  of  the  agent  upon  the 
matter,  in  the  generation  of  natural  bodies,  and  tell  us  ftrange  things  of 
his  manner  of  working.  But  not  to  fpend  time  in  examining  thofe  obfcure 
niceties  ; I anfwer,  in  fhort,  that  fince  the  agent,  let  him  be  what  he  will, 
is  but  a phyfical  and  finite  agent ; and  fince  what  way  foever  he  works,  he 
can  do  nothing  repugnant  to  the  nature  of  things  ; the  difficulty  with  me 
will  ft  ill  remain.  For  if  the  form  produced  in  generation  be,  as  they  would 
have  it,  a fubftance,  not  before  to  be  found,  out  of  that  portion  of  matter, 
wherewith  it  conftitutes  the  generated  body  ; either  it  muff:  be  produced 
by  refining,  or  fubtilizing  fome  parts  of  the  matter  into  form  ; or  elfe,  it 
muff:  be  produced  out  of  nothing  i that  is,  created.  If  they  allow  the  firft, 
then  will  the  form  be  indeed  a fubftance,  but  not,  as  they  hold  it,  diftindt 
from  matter  j fince  matter,  however  fubtilized,  is  matter  ftill  •,  as  the  fineft 
fpirit  of  wine  is  as  truly  a body,  as  the  wine  itfelf  that  yielded  it ; or  as  is 
the  grofier  phlegm  from  which  it  was  extradled.  Befides,  the  Peripatetics 
teach,  that  the  torm  is  not  made  of  any  part  of  the  matter  : nor,  indeed, 
is  it  conceivable,  how  a phyfical  agent  can  turn  a material  into  an  imma- 
terial fubftance ; efpecially,  matter  being,  as  they  themfelves  confefs,  as 
well  incorruptible,  as  ingenerable.  But  if  they  will  not  allow,  as  they  do 
not,  that  the  fubftantial  form  is  made  of  any  thing  material,  they  muft 
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let  me  believe  it  produced  out  of  nothing,  till  they  fhew  how  a fubftance Ph  ysi cs. 
can  be  other  wife  produced,  that  exifted  no  where  before.  And,  at  this ^ 
rate,  every  natural  body,  of  a fpecial  denomination,  as  gold,  marble,  nitre, 

&V.  muft  not  be  produced  barely  by  generation,  but  partly  by  generation, 
and  partly  by  creation.  And,  fince  it  is  confefs’d  on  all  fides,  that  no  na- 
tural agent  can  produce  the  leaft  atom  of  matter,  *tis  ftrange  they  fhould, 
in  generation,  allow  every  phyfical  agent  the  power  of  producing  a form, 
which,  according  to  them,  is  not  only  a fubftar.ee,  but  a far  more  roblc  one 
than  matter,  and,  thereby,  attribute  to  the  meaneft  creatures  that  power  of 
creating  fubftances,  which  the  ancient  natural ifts  thought  too  great  o be 
aferibed  to  God  himfelf  *,  and,  therefore,  fome  fchoolmen  have  derived 
forms  immediately  from  God  : but  this  is  not  only  to  defert  Arifioie , and 
the  Peripatetic  philofophy,  which  they  would  feem  to  maintain,  but  to  put 
omnipotence  upon  working  many  thoufand  miracles  every  hour,  to  perform 
that,  in  a fupernatural  way,  which  feems  the  moft  familiar  effedt  of  nature 
in  her  ordinary  courfe. 

And,  as  the  production  of  forms  out  of  the  power  of  matter,  is,  for 
thefe  reafons,  incomprehenfible  to  me  ; fo  thofe  things  which  the  Peripatetics 
aferibe  to  their  fubftantial  forms,  are  fome  of  them  fuch,  as  I cannot  re- 
concile to  my  reafon : for  they  tell  us  pofitively,  that  thefe  forms  are  fub- 
ftances, yet  at  the  fame  time  teach,  that  they  depend  upon  matter  both  in 
fieri  and  e//e,  as  they  phrafe  it  *,  fo  that  they  cannot  fo  much  as  exift  out  of 
the  matter  which  fupports  them  •,  which  is  to  make  them  fubftances  in  name, 
and  accidents  in  reality  : for,  how  can  one  fubftance  be  faid  to  depend  upon 
another  in  fieri , that  is  not  made  of  any  part  of  it  ? The  very  notion  of  a 
fubftance,  is,  to  be  a felf-fubfifting  entity,  or  that  which  needs  no  other 
created  being  to  fupport  it,  or  to  make  it  exift.  Befides,  as  there  are  but 
two  forts  of  fubftances,  material  and  immaterial,  a fubftantial  form  muft 
appertain  to  one  of  them  j tho’  they  aferibe  fuch  things  to  it,  as  make  it 
very  unfit  to  be  referred  to  either.  To  all  this  I add,  that  thefe  imaginary 
material  forms  almoft  as  much  difturb  the  dodfrine  of  corruption,  as  that  of 
generation  : for  if  a form  be  a true  fubftance,  really  diftindt  from  matter,  it 
muft,  as  we  faid,  be  able  to  exift  of  itfelf,  without  any  other  fubftance  to 
fupport  it : as,  thofe  I reafon  with  confefs,  that  the  foul  of  man  furvives 
the  body,  it,  before  death,  inform’d  : whereas,  they  will  have  it,  that  in 
corruption  the  form  is  quite  aboli'fhed,  and  utterly  perifhes,  as  not  being 
capable  of  exifting,  feparated  from  the  matter,  whereto  it  was  united.  So 
that  here  again,  what  they  call  a fubftance,  they  make  an  accident  *,  and 
b. fides,  contradidl  their  own  vulgar  dodtrine,  that  natural  things  are,  upon 
their  corruption,  refolved  into  the  firfi  matter  *,  fince,  at  this  rate,  they 
fhould  fay,  that  fuch  things  are  but  partly  refolved  into  the  firft  matter, 
and  partly,  either  into  nothing,  or  into  forms  j which  being  as  well  im- 
material as  the  fouls  of  men,  muft,  for  ought  appears,  be  alfo,  like  them, 
accounted  immortal. 

I fhould  now  proceed  to  examine  the  arguments  employ’d  by  the  fchools, 
to  prove  their  fubftantial  forms  j but  becaufe  they  arc  rather  metaphyfical. 
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Physics,  or  logical,  than  grounded  upon  the  principles  and  phenomena  of  nature,  and 

— v refpedt  rather  words  than  things,  I fhall,  very  briefly,  anfwer  only  two  or 

three  of  the  moft  plaufible.  Firfb,  then,  they  thus  argue.  Omne  compofitum 
fubft antiale  (it  is  hard  to  engliih  fuch  uncouth  terms)  repair  it  materiam  & 
formam  fubftantiakm^  ex  quibus  componatur : omne  corpus  natur ale  eft  compofi- 
tum fubft  antiale.  Ergo , &c.  Now,  for  brevity  fake,  I fhall  here  only  deny 
the  minor,  and  defire  the  propofers  to  prove  it.  For  I know  no  thing  in 
nature,  that  is  compofed  of  matter,  and  a fubftance  diflindt  from  matter,  ex- 
cept man,  who  alone  is  made  up  of  an  immaterial  form,  and  a human 
body.  If  it  be  urged,  that  then  other  bodies  cannot  be  properly  called 
compofiia  fubftantialia , I fhall,  rather  than  wrangle,  give  them  leave  to  find 
out  fome  other  name  for  other  natural  things.  But  then  they  argue,  in  the 
next  place,  that,  if  there  were  no  fubflantial  forms,  all  bodies  would  be 
but  entia  per  accidens , which  is  abfurd.  To  this  I anfwer,  that  in  the 
notion  many  learned  men  have  of  an  ens  per  accidens , as  being  that  which 
confifts  of  thofe  things  qua  non  ordinantur  ad  unum , tho*  we  do  not  admit 
fubflantial  forms,  yet  we  need  not  admit  natural  bodies  to  be  entia  per  ac- 
cidens ; becaufe  in  them  the  feveral  things  that  concur  to  conflitute  the  body, 
as  matter,  fhape,  fituation,  and  motion,  ordinantur  per  fe , intrinfice , to 

conflitute  one  natural  body.  But  if  this  anfwer  be  not  fatisfadlory,  I add, 
that  I am  follicitous  about  what  nature  hath  made  things  in  themfelves,  not 
what  a logician  or  metaphyfician  will  call  them,  in  the  terms  of  his  art ; it 
be  ing  much  fitter,  in  my  judgment,  to  alter  words  to  the  nature  of  things, 
than  to  affix  a wrong  nature  to  things,  to  accommodate  them  to  a form  of 
words,  probably  devifed  when  the  things  themfelves  were  unknown,  or  not 
well  underflood,  if  thought  on.  Wherefore,  I fhall  further  only  confider 
this  argument,  “ if  there  were  no  fubflantial  forms,  there  could  be  no  fub- 
“ flantial  definitions;  but  the  confequent  is  abfurd,  fo,  therefore,  isthean- 
“ tecedent.”  I reply,  that  fince  the  Peripatetics  confefs  the  forms  of  bodies 
to  be  of  themfelves  unknown,  this  argument  only  concludes,  that  if  we  do 
not  admit  fome  things,  that  are  not  in  nature,  we  cannot  build  our  defini- 
tions upon  them  ; nor,  indeed,  could  we,  if  we  fhould  admit  fubflantial 
forms,  give  fubflantial  definitions  of  natural  things,  unlefs  we  could,  alfo, 
define  natural  bodies  by  things  that  we  know  not  *,  for  fuch  the  fubflantial 
• forms  are  confefs’d  to  be  by  the  wifefl  Peripatetics , who  pretend  not  to 
give  the  fubflantial  definition  of  any  natural  compofition,  except  man.  But 
it  may  fuffice  us  to  have,  inflead  of  fubflantial  definitions,  effential  ones  of 
things;  I mean,  fuch  as  are  taken  from  their  effential  differences,  which 
conflitute  them  a particular  fort  of  natural  bodies,  and  diftinguifh  them 
from  all  thofe  of  any  other  kind. 

But  for  fear  arguments  of  this  fort  fhould  not  prevail,  fome  modern  afifer- 
ters  of  forms  have  thought  fit  to  add  phyfical  ones ; which  may  be  more  to 
■our  purpofe  here  to  confider.  Firfb  then,  among  the  phyfical  arguments, 
brought  to  prove  fubflantial  forms,  the  principal  is  taken  from  the  fponta- 
neous  return  of  heated  water  to  coldnefs ; which  effedl,  fay  they,  mufl  ne~ 
ceijarily  be  aferibed  to  the  adlion  of  the  fubflantial  form,  whofe  office  it  is 

to 
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to  preferve  the  body  in  its  natural  (late,  and,  as  there  is  occaffon,  to  reduce  Ph  yst  cs. 

it  thereto:  which,  indeed,  might  feem  pHufible,  if  we  were  fure  that  hea-  — 

ted  water  would  grow  cold  again,  without  the  lofs  of  any  parts  more  agi- 
tated than  the  reft,  fuppofmg  it  to  be  removed  into  fome  of  the  imaginary 
fpaces  beyond  the  world  ; but  as  the  cafe  is,  I fee  no  neceftity  of  flying  to 
a fubftantial  form  : for  the  water  we  heat,  is  furrounded  with  our  air,  fome 
veftel,  or  other  body  contiguous  to  the  air  ; and  both  the  air  and  water 
in  our  climate,  are  moft  commonly  lefs  agitated,  than  the  animal  juices  in  our 
hands,  or  other  organs  of  touch  ; which  makes  us  call  thofe  fluids  cold. 

Now,  when  the  water  is  expofed  to  the  fire,  it  is  thereby  put  into  a new 
agitation,  more  vehement  than  that  of  the  parts  of  our  organs;  but  when 
the  liquor  is  removed  from  the  fire,  this  acquired  agitation  muft  be  gradually 
loft,  cither  by  the  avolation  of  fueh  fiery  corpufcles,  as  the  Epicureans  ima- 
gine to  get  into  heated  water,  or  by  its  communicating  the  agitation  of  its 
parts  to  the  contiguous  air,  or  to  the  containing  veftel,  till  it  have  loft  its 
additional  motion,  or  by  the  entrance  of  thofe  frigorific  atoms,  wherewith 
( if  any  fuch  be  granted ) the  air  in  thefe  climates  abound,  and  fo  be  re- 
duced to  its  former  temperature  : which  may  as  well  happen  without  a 
fubftantial  form,  as,  if  a fhip  failing  flowly  down  a river,  fhould,  by  a 
fudden  guft  of  wind,  blowing  with  the  ftream,  be  driven  on  much  falter 
than  before  ; for  the  veftel,  upon  the  wind’s  ceafing,  would,  without  any  fuch 
internal  principle,  foon  return  to  its  former  ftownefs  of  motion.  So  that  in 
this  phenomenon,  we  need  not  have  recourfe  to  an  internal  principle  ; the 
temperature  of  the  external  air,  being  fufficient  to  folve  it.  And,  if  water 
be  kept  in  the  upper  part  of  a houfe,  where  the  climate  is  hot,  it  will,  in 
fpite  of  the  form,  continue  far  lefs  cold,  all  the  fummer  long,  than,  accor- 
ding to  the  Peripatetics , its  nature  requires.  And,  by  the  dodtrine  of  forms, 
the  fluidity  of  water  muft  proceed  as  much  from  its  form,  as  the  coldnefs  ; 
and  yet  this  fo  far  depends  upon  the  temperature  of  the  air,  that  in  Nova 
Zembla , vaft  quantities  of  water  are  kept  in  folid  ice,  all  the  year  long,  not- 
withftanding  the  power  of  a fubftantial  form  to  preferve  it  fluid  ; which  it 
will  never  be  made,  unlefs  by  fuch  a temperature  of  the  air,  as  would  itfelf, 
for  ought  appears,  make  it  flow  again,  tho’  there  were  no  fubftantial  form 
in  nature. 

Another  argument  is,  that  matter  being  indifferent  to  one  fort  of  acci- 
dents as  well  as  another,  it  is  neceffary  there  fhould  be  a fubftantial  form, 
to  keep  thofe  accidents,  which  are  faid  to  conftitute  it,  united  with  the 
matter  they  belong  to,  and  preferve  both  them  and  the  body  in  their  natu- 
ral ftate  ; for,  fince  it  is  confefs’d,  that  matter  hath  no  appetite  to  thefe  ac- 
cidents more  than  to  any  others,  they  demand  hpw,  without  a fubftantial 
form,  thefe  accidents  can  be  contained  and  preferved  ? To  this,  it  might 
be  fufficient  to  obje<ft,  that  the  common  notions  of  the  natural  and  preter- 
natural ftate  of  bodies,  are  falfe  or  ill  grounded  : but  to  come  clofe  to  the 
argument,  I anfwer,  that  the  accidents  fpoken  of,  are  introduced  into  the 
matter  by  the  agents  or  efficient  caufes,  whatever  they  be,  producing  in  it, 
what  we  call  an  efiential  form.  And  thefe  accidents,  being  once  thus  in- 
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Ph  ysics.  troduced  into  the  matter,  we  need  not  feek  for  a new  fubftantial  principle  to 
preferve  them  there  •,  fince,  by  the  general  law,  or  common  courfe  of  nature, 
the  matter  qualify’d  by  them,  muft  continue  in  the  ftate  wherein  fuch 
accidents  have  put  it,  till  by  fome  agent  or  other,  it  be  forced  out  of  it,  and 
fo  divefted  of  thofe  accidents  : thus  in  a brafs  fphere,  when  once  the  motion 
of  tools,  impell’d  and  guided  by  the  artificer,  hath  turned  a piece  of  that 
metal  to  a globe,  there  needs  no  new  fubftance  to  preferve  that  round  fi- 
gure ; fmce  the  brafs  muft  retain  it,  till  it  be  deftroy’d  by  the  artificer  himfelf, 
or  fome  other  agent,,  able  to  overcome  the  refiftance  of  the  matter  to  be 
put  into  another  figure.  And  as,  when  there  is  no  competent  deftrudfive 
caufe,  the  accidents  of  a body  will,  by  the  law  of  nature,  remain  fuch  as 
they  were  *,  fo  if  there  be,  it  cannot  be  pretended,  that  the  fubftantial 
form  is  able  to  preferve  all  thofe  accidents  of  a body  that  are  faid  to  flow 
from  it,  and  to  be,  as  it  w'ere,  under  its  care  and  tuition.  If,  for  inftance, 
you  expofe  a fphere,  or  bullet  of  lead*  to  a ftrong  fire,  it  will  quickly  lofe 
its  cold nefs,  conflftence,  malleablenefs,  colour,  flexibility,  and  fome  other 
qualities ; and  all  this,  in  fpite  of  any  imaginary  fubftantial  form.  And 
tho9  upon  taking  lead  from  the  Are,  it  is  reduced  to  moft  of  its  former  qua- 
lities, yet,  that  may  well  be  afcribed  to  its  peculiar  texture,  and  the  cold- 
nefs  of  the  ambient  air,  according  to  what  was  faid  of  water,  heated  and 
cooled  ; which  temperature  of  the  air  is  an  external  thing  to  the  lead  : and, , 
indeed,  it  is  but  accidental,  that  the  lead,  upon  refrigeration,  regains  its 
former  qualities  ; for,  by  being  expofed  long  enough  to  an  intenfe  fire,  it 
will  be  turned  into  glafs,  and  lofe  its  colour,  opacity, . malleablenefs,  and 
flexibility,  and  acquire  a reddifhnefs,  a degree  of  tranfparency,  a brittle- 
nefs,  and  fome  other  qualities,  that  it  had  not  before.  And  let  the  fuppofed 
fubftantial  form  do  what  it  can,  even  when  the  veflel  is  removed  from  the 
fire,  to  reduce  or  reftore  the  body  to  its  natural  ftate  and  accidents  i yet 
the  former  qualities  will  continue  loft,  as  long  as  thefe  preternatural  ones, 
introduced  by  the  fire,  continue  in  the  matter  ; and,  neither  the  one  will 
be  reftored,  nor  the  other  deftroy’d,  till  fome  fufficiently  powerful  exter- 
nal agent  effebt  the  change. 

It  is,  likewife,  urged,  that  no  reafon  can  be  aflign’d,  why  whitenefsr 
fhould  be  feparable  from  a wall,  and  not  from  fnow,  or  milk  ; unlefs  we“ 
have  recourle  to  fubftantial  forms.  But  in  cafe  men  have  agreed  to  call  a 
thing  by  fuch  a name,  becaufe  it  hath  fuch  a particular  quality  that  di- 
ftinguifhes  it  from  others,  we  need  go  no  farther  to  find  a reafon,  why  one 
quality  is  eflential  to  one  thing,  and  not  to  another.  Thus  in  a brafs  fphere, 
the  figure  is  that  for  which  we  give  it  the  name : and,  therefore,  tho9  you 
may  alter  the  figure  of  the  matter,  yet  by  that  very  alteration,  the  body 
perifhes  in  the  capacity  of  a fphere ; tho9  its  coldnefs  may  be  exchanged  for 
heat,  without  making  it  the  lefs,  a fphere,  becaufe  it  is  not  for  any  fuch 
quality,  but  for.  roundnefs,  that  a body  is  called  a fphere.  And  fo  firmnefs 
is  an  infeparable  quality  of  ice,  tho9  a particular  figure  be  not  •,  becaufe  it 
is  for  want  of  fluidity,  that  we  call  any  thing  ice,  which  was  immediately- 
before  a liquor  : and,  accordingly,  tho*  whitenefs  were  infeparable  from 
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fnow  and  milk,  yet,  this  would  not  neceflarily  infer,  that  there  mud  be  a Physics. 
fubftantial  form  to  make  it  fo;  for  the  firmnefs^of  the  corpufcles  that  com- 
pofe  fnow,  is  as  infeparable  from  it,  as  the  whitenefs  •,  and  yet  it  is  not  pre- 
tended to  be  the  effedt  of  the  fubftantial  form  of  the  water,  but  of  the  excefs 
of  the  coldnefs  of  the  air,  which  puts  the  water  out  of  its  natural  ftate  of 
fluidity,  and  into  a preternatural  one  of  firmnefs  and  brittlenefs.  And  the 
reafon  why  fnow  feldom  lofes  its  whitenefs,  but  with  its  nature,  feems  to 
be,  that  its  component  particles  are  fo  difpofed,  that  the  fame  heat  of  the 
ambient  air,  which  is  lit  to  turn  it  into  a tranfparent  body,  is  alfo  fit  to 
make  it  fluid ; which,  when  it  is  become,  we  no  longer  call  it  fnow,  but 
water  : fo  that  the  water  lofes  its  whitenefs,  tho’  the  fnow  do  not.  But  if 
there  be  a caufe  proper  to  make  a convenient  alteration  of  texture  in  the 
fnow,  without  melting  or  refolving  it  into  water,  it  may  then  exchange  its 
whitenefs  for  yellownefs,  without  lofing  its  right  to  be  called  fnow  * as  an 
eminent  writer  relates,  that  in  the  northern  regions,  towards  the  pole,  thofe 
parcels  of  fnow,  that  have  lain  very  long  on  the  ground,  degenerate,  in 
time,  into  a yellowifh  colour,  very  different  from  that  pure  whitenefs  to  be 
obferved  in  the  neighbouring  fnow  lately  fallen. 

But  there  yet  remains  an  argument  for  fubftantial  forms,  taken  from  a 
fuppofed  neceflity  there  is  of  thence  deriving  all  the  various  changes  to 
which  bodies  are  fubjedt,  the  different  effedts  they  produce,  the  preferva- 
tion  and  reftitution  of  the  ftate  requifite  to  each  particular  body,  and  the 
keeping  of  its  feveral  parts  united  into  one  whole.  In  anfwer  to  this,  we 
might  fay,  that  many  great  alterations  may  happen  to  bodies,  which  feem 
manifeftly  to  proceed  from  their  peculiar  texture,  and  the  adtion  of  out- 
ward agents  upon  them,  and  of  which  it  cannot  be  fhewn,  that  they 
would  happen  otherwife,  tho’  there  were  no  fubftantial  forms  in  being  : as 
we  fee  that  tallow,  melted  by  the  Are,  lofes  its  coldnefs,  its  firmnefs,  and  its 
whitenefs,  and  acquires  heat, . fluidity, . and  fome  tranfparency  ; but  being 
fuffered  to  cool,  it  prelently  exchanges  thefe  for  the  former  qualities  ; yet 
feveral  of  thofe  changes  are  plainly  the  effedts  of  the  fire,  and  the  ambient 
air,  not  of  any  fubftantial  form  : and  it  is  evident,,  that  fire  effedts  a great 
variety  of  changes  in  qualities,  and  produces  new  ones,  by  its  heat,  that  is, 
by  a modified  local  motion.  I conftder  farther,  that  various . operations  of 
a body  may  be  derived  from  the  peculiar  texture  of  the  whole,  and  the  me- 
chanical properties  of  the  particular  corpufcles,  or  other  parrs  that  com- 
pofe  it.  And  to  the  pretence,  that  a fubftantial  form  is  requifite  to  keep 
the  parts  of  a body  united,  without  which  it  would  not  be  one  entire  body, 

I anfwer,  that  the  contrivance  of  parts  conveniently  figured,  and,  in  fome 
cafes,  their  juxta-pofition  may,  without  the  afliftance  of  a fubftantial  form, 
be  fufticient.  A pear  grafted  upon  a thorn,  or  a plumb  inoculated  up- 
on an  apricock,  will  bear  good  fruit,  and  grow  up  with  the  ftock,  as 
if  they  both  made  but  one  tree,  and  were  animated  by  the  fame  common 
form  ; tho’  both  the  ftock,  and  the  inoculated  plant,  have  each  its  own 
form,  as  may  appear  by  the  different  leaves,  fruits,  and  feeds  they  bear. 

And  even  vegetation,  and  the  diftribution  of  aliments,  are,  in  fuch  cafes, 
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Physics  well  made,  tho*  the  nourifhed  parts  of  the  total  plant,  have  not  one  com- 
mon  foul  or  form  •,  which  is  yet  more  remarkable  in  mifletoe,  growing  upon 
old  hazle-trees,  crab-trees,  &c . in  which  the  mifletoe  often  differs  very 
widely  from  that  kind  or  plant  on  which  it  thrives  and  profpers.  And  for 
the  durablenefs  of  the  union  betwixt  bodies,  that  a fubftantial  form  is  not 
requifite  to  procure  it,  I have  been  induced  to  think  by  confidering,  that  fil- 
ver  and  gold,  being  barely  mixed  by  fufion,  will  have  their  minute  parts 
more  clofely  united,  than  thofe  of  any  plant  or  animal  we  know  of.  And 
there  is  fcarce  any  natural  body,  wherein  the  form  makes  fo  {tried:,  durable, 
and  indifloluble  an  union  of  the  parts  it  confiils  of,  as  that,  which  in  the  facti- 
tious concrete,  we  call  glafs,  arifes  from  the  bare  commixture  of  the  cor- 
pufcles  of  fand,  with  thofe  faline  ones,  wherewith  they  are  melted  by  the 
violence  of  the  fire : and  the  like  may  be  {aid  of  the  union  of  the  proper  ac- 
cidents of  glafs  with  the  matter  of  it,  and  betwixt  one  another. 

It  is  {till  farther  alledg’d  in  behalf  of  fubftantial  forms,  that  thefe  being  in 
natural  bodies,  the  true  principles  of  their  properties,  and  confequently  of 
their  operations,  that  natural  philofophy  muft  needs  be  very  imperfeCt, 
which  rejeCts  them.  But,  if  there  were,  in  every  natural  body,  fuch  a thing 
as  a fubftantial  form,  from  which  all  its  properties  and  qualities  immediately 
flow  •,  fince  we  fee,  that  the  aCtions  of  bodies  upon  one  another,  are  imme- 
diately performed  by  their  qualities  or  accidents ; it  would  fcarce  be  poflible 
to  folve  many  of  the  explicable  phenomena  of  nature,  without  having  re- 
courfe  to  them : and  it  would  be  ftrange,  if  many  cf  the  abftrufer  phe- 
nomena were  not  explicable  by  them  only.  Yet,  indeed,  almoft  all  the 
rational  accounts  to  be  met  with  of  difficult  phenomena,  are  given  by  fuch, 
as  either  do  not  acknowledge,  or,  at  leaft,  do  not  take  notice  of  fubftantial 
forms.  And,  it  is  evident,  by  the  clear  folutions  of  many  phenomena  in 
ftatics,  and  other  parts  of  mechanics,  and  efpecially  in  hydroftatics,  and 
pneumatics,  that  they,  may  be  fatisfaCtorily  folved  without  employing  a fub- 
ftantial form.  On  the  other  fide,  I do  not  remember,  that  either  Ariftotle 
himfelf,  or  any  of  his  followers,  have  given  an  intelligible  folution  of  any 
one  phenomenon  of  nature,  by  the  help  of  fubftantial  forms  : and  as  their 
nature  is  unknown  to  us,  to  explain  any  effeCl  by  them,  muft  be  to  declare 
ignotum  per  ignotius , or,  at  leaft,  per  <eque  ignotum.  For  to  fay,  that  fuch 
an  effeCl  proceeds  not  from  a particular  quality  of  the  agent,  but  from  its  fub- 
ftantial form,  is  to  take  an  eafy  way  to  folve  all  difficulties  in  general,  with- 
out rightly  refolving  any  one  in  particular  •,  and  would  make  a rare  philo- 
fophy, if  it  were  as  fatisfaCtory  as  it  is  eafy.  If  it  be  demanded,  why  jet 
attracts  ftraws,  rhubarb  purges  choler,  fnow  dazles  the  eyes  rather  than 
grafs,  &V.  to  anfwer,  that  thefe,  and  the  like  effeCts,  are  performed  by  the 
fubftantial  forms  of  the  refpeCtive  bodies,  is,  at  beft,  but  to  fay,  what  is 
the  agent,  not  how  the  efteCt  is  wrought  •,  and  kerns  to  be  fuch  a kind  of 
general  anfwer,  as  leaves  the  enquirer  as  much  at  a lofs  for  the  caufes  and 
manner  of  particulars,  as  men  commonly  are  ior  the  particular  caufes  of  the 
feveral  ftrange  things  performed  by  witchcraft,  when  told,  that  fome  devil 
does  them. 


In 


Forms  and  Qualities.  223 

In  fhort,  the  form  of  a natural  body,  being,  according  to  us,  butanef-  Physics. 
fential  modification,  and,  as  it  were,  the  (lamp  of  its  matter,  or  fuch  a v— 
convention  of  the  magnitude,  fhape,  motion,  or  reft,  fituation,  and  con- 
texture, of  the  fr  all  parts  that  compofe  it,  as  is  neceflary  to  conftitute,  and 
denominate  it  a particular  body  i and  all  ihefe  accidents  being  producible  in 
matter  by  local  m ion-,  we  may  well  fay,  that  the  fir  ft  and  univerfil,  tho* 
not  immediate  caufe  of  forms,  is  no  other  than  God,  who  put  matter  into 
motion,  eftablifhed  its  laws  among  bodies,  and  alfo,  guided  it  in  feveral 
cafes,  at  the  beginning  of  things  ; and,  that  among  fecond  caufes,  the 
grand  efficient  of  forms,  is  local  motion  : which,  by  varioufly  dividing, 
fequeftring,  tranfpofing,  and  connecting  the  parts  of  matter,  produces  in 
them  thofe  accidents  and  qualities,  upon  account  whereof,  the  portion  of 
matter  they  diverfify,  belongs  to  a determinate  fpecies  of  natural  bodies  : 
yet  this  is  not  lo  to  be  underftood,  as  if  motion  were  only  an  efficient  caufe 
in  the  generation  of  bodies ; for  ’tis  alfo  frequently  one  of  the  chief  acci- 
dents, as  in  water,  fire,  &V.  that  concur  to  make  up  the  form  *. 


SECT.  III. 


SOME  late  writers,  as  particularly  Scnnertus , teach  that,  befides  the  Thedoarineof 
fpecific  form  in  plants  and  animals,  there  refide,  and  efpecially  in  fome  fubordinate 
determinate  parts  of  them,  certain  other  forms,  proper  to  thofe  parts,  but^rT, exa~ 
fo  fubjeCled  to  the  predominant  form,  as  to  deferve  the  title  of  fubordinate, 
being,  during  the  reign  of  the  fpecific  form,  fubfervient  to  it ; tho’  when 
the  fpecific  form  comes  to  be  abolilhed,  thefe  fubordinate  forms  may  fet  up 


* This  doCtrine  cannot  be  better  illuftrated, 
confirm’d,  and  improv’d,  than  by  the  words 
of  that  incomparable  philofopher  Sir  Ifaac 
Newton.  44  The  <vis  inertia ,”  fays  he,  “ is 
44  a paflive  principle,  by  which  bodies  perfilt 
44  in  their  motion,  or  reft;  receive  motion  in 
44  proportion  to  the  force  impreiiing  it,  and 
44  refill  as  much  as  they  are  refilled.  By  this 
44  principle  alone,  there  never  could  have  been 
44  any  motion  in  the  world.  Some  other 
44  punciple  was  necefliuy  for  putting  bodies 
44  into  motion  : for,  from  the  various  compo- 
44  fition  of  two  motions,  ’tis  very  certain  that 
44  there  is  not  always  the  fame  quantity  of 

44  motion  in  the  world.” 

44  But  by  reafon  of  the  tenacity  of  fluids,  the 
44  attrition  of  their  parts,  and  the  weaknefs  of 
44  elafticity  in  lolids,  motion  is  much  more 
44  apt  to  be  loll  than  got,  and  is  always  upon 

4i  the  decay.  ” 4‘  There 

44  is  therefore  a neceflity  of  conferving  and  re- 
" cruiting  it  by  aitive  principles,  fuch  as  are 


44  the  caufe  of  gravity,  by  which  the  planets 
4 4 and  comets  keep  their  motions  in  their  orbs, 
44  and  bodies  acquire  great  motion  in  falling; 
44  and  the  caufe  of  fermentation,  by  which  the 
44  heart  and  blood  of  animals  are  kept  in  per- 
44  petual  motion  and  heat ; the  inward  parts 
44  of  the  earth  are  conftantly  warm’d,  and,  in 
44  fomc  places,  grow  very  hot ; bodies  burn 
44  and  Ihine  ; mountains  take  fire  ; the  caverns 
44  of  the  earth  are  blown  up  ; and  the  fun  con- 
44  tinues  violently  hot  and  lucid,  and  warms 
44  all  things  by  its  light.  For  we  meet  with 
44  very  little  motion  in  the  world  befides  what 
44  is  owing  to  thefe  aCtive  principles.  And, 
44  if  it  were  not  for  thefe  principles,  the  bodies 
44  of  the  earth,  planets,  comets,  fun,  and  all 
44  things  in  them,  would  grow  cold,  and 
44  freeze,  and  become  inactive  mafles ; and  all 
44  putrefaction,  generation,  vegetation,  and 
44  life,  would  ceafe  ; and  the  planets  and  co- 
44  mets  would  not  remain  in  their  orbs.”  New- 
ton- Optic . p.  372 — 375- 
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Phvsics.  f6r  themfelves  *,  and,  in  reference  to  thofe  parts  of  matter  they  belong  to, 
— V"8*— ' exercife  the  functions  of  fpecific  forms:  as  in  a dog  or  a horfe,  befides 
the  fenfitive  foul,  which  is  the  fpecific  form  of  the  whole  creature,  the  fiefh, 
blood,  and  bones  have  their  diftird  forms  appertaining  to  them,  tho’  they 
are  ruled  and  employed  by  the  foul,  but  as  the  matter  which  fhe  animates 
and  informs  : and,  when  by  death,  the  fenfitive  foul  or  fpecific  form  is  de- 
pofed  or  abolifhed,  the  body  is  not  prefently  refolved  into  the  four  ele- 
ments, but  thofe  fubordinate  forms  (till  prtferve  the  fiefh  in  the  ftate  of 
fiefh,  and  the  bone  in  the  ftate  of  bone  •,  the  one  for  a little,  and  the  other 
for  a much  longer  time.  And  this  dodrine  is  urged  from  the  fpecific  vir- 
tues obfervable  in  gathered  plants ; as  the  purgative  faculty  of  rhubarb,  fena, 
and  other  cathartic  vegetables,  when  they  are  deprived  of  the  life  they 
enjoy’d  as  plants.  But  it  were  not  difficult  to  propofe  experiments,  which 
would  determine  this  matter  otherwife,  were  it  important  enough  to  de- 
ferve  it.  However,  this  dodrine  of  fubordinate  forms  affords  fuch  coun- 
tenance to  that  of  fubftantial  ones,  that  the  nature  of  our  prefent  difcourfe 
forbids  us  to  leave  it  untouch’d  ♦,  tho’  I fhall  not  pretend  to  give  a full  and 
fatisfadory  account  of  fo  perplexed  and  abftrufe  a matter  •,  it  may  be  fuffi- 
cient,  if  I at  prefent  fhew,  that  fubordinate  forms  are  explicable  upon  other 
principles. 

And,  i.  The.  name  form,  is  a technical  word,  and  not  fo  well  defined  as 
were  to  be  wifhed.  But  without  injury  to  the  more  ufual  notion  of  it,  we 
may  obferve  that  it  is  commonly  fome  one,  or  a few  confiderable  things,  or 
conlpicuous  phenomenon  exhibited,  or  fome  peculiar  operation  performed 
by  it,  or  fome  particular  ufe,  to  which  it  is  applicable,  upon  account  whereof 
a form  is  attributed  to  a particular  natural  body  •,  and  only  upon  the  recefs  or 
abolition  hereof,  it  is  faidrtolofe  its  form,  or  denomination.  2.  The  bodies, 
fuppofed  endowed  with  fubordinate  forms,  are,  generally,  either  of  the 
vegetable  or  animal  kind ; and,  confequently,  being  of  a very  compound 
nature,  confift  of  parts  not  all  of  the  fame  fpecies : this  is  evident  in  bones, 
which  tho’  entitled  fiinilar  parts,  by  diftillation  afford  fait,  oil,  phlegm, 
fpirit,  and  allies.  And  vitriol,  tho’  fimilar  as  to  fenfe,  may  be  artificially 
produced,  by  uniting  the  metalline  particles  of  iron  or  copper,  v/ith  the 
faline  corpufcles  of  diftill’d  fait  or  nitre.  This  inftance  I chufe  the  rather, 
becaufe  the  patrons  of  fubordinate  forms  feem,  by  them,  to  account  for 
what  happens  in  vegetables  and  animals,  wdien  the  ultimate  form  is 
abolifhed  or  expelled : tho’  I fee  not,  why  we  may  not  alio  attribute  fub- 
ordinate forms  to  feveral  inanimate  bodies.  To  illuftrate  this  matter,  let 
us  borrow  an  example  from  rhubarb,  the  purgative  faculty  whereof  is 
affirmed  to  proceed  from  a fubftantial  form  ; which  virtue,  whilft  the  rhu- 
barb grew  in  the  ground,  proceeded,  as  they  teach  us,  from  the  fpecific 
form.  Now  if  from  the  fame  rhubarb,  we,  by  a convenient  menftruum,  ex- 
trad,  together  with  the  finer  parts  of  the  body,  all  the  purgative  virtue, 
(which  may  eafily  be  done)  why  may  not  the  remaining  rhubarb,  which 
will  retain  feveral  of  its  former  qualities,  have  a peculiar  form,  diftind  from 
that  which  the  fchools  call,  forma  miftionis , to  which  thofe  qualities  may 

be 


Forms  and  Qualities.  2 

be  attributed,  and  which,  confequently,  may  be  look’d  upon  as  a fubordinate  Ph  ys 
form,  with  regard  to  that,  which  the  entire,  tho’ inanimate  rhubarb  had  before.  ^ 

An  olive,  or  almond,  when  gathered,  ceafes  to  be  animated  by  the  vegetative 
foul  of  the  tree,  yet,  on  account  of  its  fubordinate  form,  retains  the  fame  fhape, 
colour,  &V.  as  before,  by  virtue  of  which  form,  it  may  be  preferved  found  for 
a whole  year,  or,  perhaps,  much  longer  fo:  fo,  by  cruihing  the  pulp  ot  the 
olive,  an  oil  may  be  fqueezed  out,  endowed  with  noble  qualities,  and  capable 
of  preferving  itfelf  for  feveral  years.  Now,  I fee  not,  why  the  form  of  this 
oi^,  from  whence  its  qualities  flow,  may  not  be  looked  upon,  as  having  been, 
whillt  the  liquor  made  a part  of  the  olive,  a fubordinate  form  to  that  of  the 
entire  fruit.  But  to  make  this  out  by  clearer  examples  ; nature,  in  fulphur 
vive,  has  united  under  one  form,  two  bodies  of  very  different  kinds,  the  one 
readily  inflammable,  and  the  other  a great  refifter  of  fire  ; yet  thefe  two  are 
eafily  feparable,  as  appears  by  burning  fulphur  under  a glafs-bell.  Again, 
in  foffil  cinnabar,  under  the  form  of  a mineral  Hone,  nature  has  ranged 
three,  if  not  more,  complete  bodies,  which  have,  each  of  them,  its  own 
diftindt  form,  and  that  exceeding  different  from  the  others ; as  appears 
when  thefe  bodies  are  fkilfully  feparated  : from  thence  may  be  obtain’d  a 
running  mercury,  an  inflammable  fulphur,  and  a concrete,  whofe  properties 
we  are  not  fo  well  acquainted  with.  Now,  if  it  be  faid,  that  thefe  forms 
are  not  fubordinate,  but  co-ordinate,  it  lies  upon  the  objedtors  to  prove  it, 
who,  perhaps,  will  find  it  no  eafy  matter  to  fhew,  that  the  fame  ingredient, 
fulphur,  for  inftance,  is  not  as  much  fubjugated  by  the  form  of  the  entire 
body,  as  that  of  the  purgative  portion  of  rhubarb,  by  the  form  of  that 
drug.  3.  All  the  different  bodies,  whereof,  as  parts,  or  ingredients,  a com- 
pound is  made  up,  are,  by  virtue  of  the  compofition  and  peculiar  fabric 
thereof,  fo  put  together,  that  they  concur  to  thofe  adtions  or  operations, 
which  being  proper  to  the  body,  are  therefore  prefumed  to  flow  immedi- 
ately from  the  form  of  it.  For  inftance,  in  gun-powder,  three  ingredients, 
upon  a very  flight  mixture,  produce,  by  a concurrent  adtion,  thofe  wonder- 
ful effedts,  that  are  fcarce  to  be  match’d  in  nature  ; and  which  really  refult 
from  the  proportion  of  the  ingredients,  and  the  manner  of  their  mixture. 

4.  Tho’  the  feveral  parts,  whereof  the  compound  confifts,  do,  in  the  pro- 
per adtions  of  that  body,  jointly  concur  to  perform  them,  yet  thefe  thus 
confpiring  bodies,  may,  each  of  them,  retain  thofe  properties  which  made 
it  a diftindt  natural  body  before  it  came  to  be  affociated  with  the  others, 
wherewith  it  makes  up  a more  compound  body. 

5.  And  here  it  may  be  proper  to  obferve,  that  the  more  con fi derate  fchool- 
men,  teach  what  very  well  agrees  with  the  dodtrine  of  fubordinate  forms. 

For  when,  in  the  generation  of  man,  they  tell  us,  that  the  embryo  lives  the 
life  of  a plant,  and  of  an  animal,  before  he  attains  to  live  the  life  of  a man, 
it  is  plain,  that,  upon  the  introdudtion  of  the  rational  foul,  the  vegetative 
and  fenfitive  fouls,  that  before  fuccefilvely  inform’d  the  embryo , do  fo  no 
more-,  the  additional  human  foul  now  becoming  the  true  form  of  the  human 
body.  And  thefe  pre-exiftent  fouls  are  not  abolilhed,  andlofe  their  being, 
but  only  their  office,  which,  at  firft,  was  to  inform  the  body  of  the  embryo , 
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Physics,  and  now  ceafeth;  fo  that  they  are  notdeftroy’d,  but  only  laid  afide.  And" 
this  confideration  feems  to  admit,  in  many  natural  bodies,  forms,  that  dif- 
pofe  the  matter  they  modify,  for  the  reception  of  a nobler  (lamp,  and  may 
therefore,  be  call’d  preparatory  forms,  to  diftinguifh  them  from  thofe  more 
noted  forms,  which  the  fchools  ufually  term  fpecific  •,  as  in  the  embryo , the 
vegetative  and  the  fenfitive  foul,  is  but  preparatory  to  the  rational,  which,  a- 
lone,  is  faid  to  be  the  fpecific  form  of  man.  But  here  I would  not  be  thought 
to  adopt  all  thofe  opinions,  upon  which  I think  i t allowable  to  argue  againft 
fuch  as  own  them.  For  I take  the  difference  between  animating  and  natural 
forms  to  be  fo  wide,  that  there  is  no  juft  arguing  in  phyfical  matters  from 
one  to  the  other.  But  whether  in  living  creatures,  the  foul  be  always  the 
true  form,  to  all  the  intents  and  purpofes  the  vulgar  philofophers  would 
have  it,  I fhall  not  here  determine  *,  nor  whether,  upon  the  fupervention  of 
an  ultimate  or  fpecific  form,  the  forms,  which  thereby  become  fubordinate,. 
make  but  apart  of  the  matter  informed  by  the  new  one.  They  may,  indeed, 
qualify  the  feveral  portions  of  matter  whereto  they  belong,,  to  be  fitter  fub- 
jedsor  receptacles  for  the  ultimate  form  *,  and  there  may  be  a neceflity  for 
fuch  previous  difpofitions  in  the  fubjed,  becaufe  the  compound  body  is  of 
fuch  a nature,  that  no  other  bodies,  but  what  are  peculiarly  qualified,  have 
a fitnefs  to  compofe  it.  But  it  feems  hard  to  conceive,-  how  a fubftance 
diftind  from  matter,  can  properly  be  faid  to  have  its  capacity  confounded, 
with  that  of  matter.  And,  notwithstanding  the  diftindion  betwixt  fpe- 
cific and  preparatory  forms,  the  latter  feem  as  true  forms,  whilft  they  are 
predominant,  as  the  fpecific  themfelves.  For  bodies  are  what  they  are,  by 
the  matter  and  modification  which,  for  the  prefent,  conftitute  them,  what- 
ever they  may  afterwards  prove  : and  it  is  not  eftential  to  the  form,  faid 
to  be  previous,  that  it  is  to  be  fucceeded  by  another,  faid  to  be  more  noble. 
A fpring  of  fteel,  is  a true  and  perfed  fpring,  before  it  is  made  a part  of  a 
watch  •,  and,  by  becoming  fo,  it  is  not  really  bettered  in  its  nature,  tho’  it 
be  thereby  made  more  uleful  to  man. 

6.  It  will  not  be  amifs  to  make  fome  diftindion  be  tv  een  fubordinate 
forms  j there  being  one  fort  of  them,  which  may  deferve  peculiar  name. 
For  in  men,  horfes,  fheep,  and  other  perfed  animals,  there  are  feveral 
parts,  efpecially  thofe  that  phyficians  call  fimilar,  in  oppc  ition  to  organical 
ones,  fuch  as  bones,  ligaments,  membranes,  which  fee:  a evidently  to  chal- 
lenge peculiar  anddiftind  forms : for  the  diverfity  of  their  nature  being  very 
manifeft,  often  perfevering  a great  while  after  death  *,  thofe,  who  allow  a 
natural  body  to  be  what  it  is  upon  account  of  its  form,  cannot  well  deny 
diftind  forms  to  thefe  fo  diftind  bodies*,  which,  becaufe  the  bodies  they 
conftitute,  are  the  parts  of  a human  body,  fome  fchooi-men  have  called, 
partial  forms. 

7.  Among  the  conftituent  parts  of  an  animal  or  plant,  there  may  lurk 
fome  femimd  principles,  or  rudiments,  that  is,  fm  dl  parcels  of  matter  ot 
fuch  a texture,  that,  tho’  whilft  they  remain  aftbciated  with  the  other  parts 
of  the  compound  body,  they  are  not,  by  fenfe,  diftinguilhable  from  the  reft  ; 
yet,  when  it  comes  to  have  its  predominant  form  aboliftted,  thefe  feminal 
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principles  or  rudiments  being  fet  at  liberty,  and  affiflcd  by  external  heat, Physics. 
and  the  foftnefs  which  ufually  attends  corrupting  bodies,  and,  perhaps,  by  ^ -v— J 
a lucky  concourfe  of  other  circum (lances,  may  fall  to  a£t  according  to  their 
own  nature,  and  generate  infedls,  mofs,  &V. 

8.  We  may  add,  that  when  the  fpecific  form  of  a body  is  deftroy’d,  the 
change  is  not  often  fo  great,  as  vulgar  philofophers  imagine.  The  corruption 
of  an  animal,  or  other  body,  ought  not  to  be  looked  upon,  as  happening 
in  an  empty  fpace  beyond  the  univerfe,  but  in  our  fyflem,  where  being  de- 
prived of  its  fpecific  form,  ’tis  fubjedl  to  be  a6led  upon  by  the  fun,  the  air, 
and  many  powerful  agents  •,  by  whofe  various  concourfe  with,  and  operations 
upon  it,  either  the  late  pre-exiflent  forms  maybe  affifled  to  fet  up  for  them' 
felves,  or  new  forms  refult  from  new  affociations  and  contextures  of  the 
particles,  which  compofed  the  body,  now  deflitute  of  its  principal,  or  fo- 
vereign  form. 

Thus  much  being  premifed,  let  us  try  whether  the  corpufcular  philo- 
fophy,  according  to  which  we  have  hitherto  difcourfed  of  forms,  will  not 
folve  the  phenomena,  mention’d  by  Sennertus , better  than  his  hypothecs. 

I allow  him  to  have  rightly  afferted,  that  in  a plant  or  animal,  there  is  fome- 
thing  befides  the  bare  materia  prima,  and  the  vegetative  or  fenfitive  foul, with 
its  effential  faculties.  And  that  in  fome  parts  of  fuch  bodies,  there  may  lurk 
peculiar  forms,  which,  when  the  life  of  the  plant  or  animal  determines, 
come  to  difclofe  them  felves,  feems  probable,  from  the  in  fiances  of  the  fpe- 
cific virtue,  furviving  in  gather’d  plants.  It  is  probable  too,  what  Sennertus 
teaches,  that  this  purging  property  in  rhubarb,  fena,  &c.  as  it  does  not  flow 
from  the  vital  foul  of  the  plant,  which  is  already  deflroy’d  *,  fo  it  does  not 
proceed  barely  from  the  form  of  a mere  mixed  body  : for  it  is  no  way  likely* 
that  fo  great  a variety  of  fpecific  properties,  wherewith  roots  plucked  out 
of  the  ground,  and  fruits  torn  from  the  tree,  are  endowed,  fhould  proceed 
merely  from  that  general  form,  which  belongs,  in  common,  to  compound 
bodies,  as  fuch.  But  tho’  there  are  fome  parts  of  this  do&rine  of  fubordinate 
forms,  wherein  I diffent  not  •,  yet,  there  are  others,  wherewith  I mufl  confefs 
myfelf  unfatisfied.  We  are  taught,  indeed,  that  the  fpecific  form  of  a body 
commands  all  the  the  fubordinate  forms  *,  but  I do  not  readily  conceive, which 
way  this  dominion,  attributed  to  the  fpecific  form,  is  exercifed  nor  fee  any 
neceffity  of  admitting  fuch  a power  in  that  form ; or  that  the  portions  of 
matter,  endowed  with  thofe  forms,  faid  to  be  fubordinate,  can,  being  under 
the  degrees  of  fouls,  and,  confequently,  unfurnifhed  with  knowledge  and 
will,  fhew  this  prefumed  fuperintendent  form  any  other  obedience,  than 
fuch  as  the  parts  of  a clock  or  engine  may  be  faid  to  yield  to  one  another. 

I fhould,  therefore,  rather  conceive,  that  when  feveral  bodies  of  differing 
natures  are  affociated,  to  compofe  a body  of  one  denomination,  tho’  each 
of  them  be  fuppofed  to  a<5l  according  to  its  own  peculiar  nature ; yet,  by 
reafon  of  the  coaptation  of  the  parts,  and  the  contrivance  of  the  com- 
pound body,  it  mufl  often  happen,  that  the  a&ion,  or  effedl  produced,  will 
be  of  a mixed  nature,  and  different  from  that,  which  feveral  of  the  parts, 
confider’d  as  diflindl  bodies,  or  agents,  tended  to,  or  would  have  per- 
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formed.  Thus,  in  a balance,  by  putting  a weight  into  one  of  the  fcales, 
the  oppofite,  tho%  as  a heavy  body,  it  has  a natural  tendency  down- 
ward%  will,  by  virtue  of  the  fabric  of  the  inftrument,  mount  upwards.  So 
that  thofe  adtions,  which  Sennertus , and  others,  attribute  to  the  confpiring  of 
fubordinate  forms,  to  afiift  the  fpecific  and  prefiding  form,  we  take  to  be 
but  the  refulting  adtions  of  feveral  bodies,  which,  aflociated  together,  are 
thereby  reduced,  in  many  cafes,  to  adt  jointly,  mutually  modifying  each 
others  adtions  ; and  that  which  they  afcribe  to  the  dominion  of  the  fpecific 
form,  I attribute  to  the  ftrudture,  and  efpecially  to  the  connedtion  of  the 
parts  of  the  compound  body.  Thus,  in  a clock,  tho’  all  the  parts  whereof 
it  confifts,  contribute  to  the  performance  of  the  things  belonging  to  a clock, 
as  regularly  as  if  they  intended  to  do  fo,  and  did  not  only  concur,  but 
knowingly  confpire  thereto  ; yet,  in  all  this  there  is  no  fubftantial  form  to 
fuper intend  their  motion,  but  the  weight  tends  downwards,  as  ufual  ; and 
the  hand,  wheels,  and  other  parts,  only  perform  fuch  motions,  as  they  are 
forcibly  put  into  by  thofe  bodies,  which,  by  the  defcending  weight,  are 
themfelves  fet  in  motion.  And,  even  the  prodigious  effedts  of  gun-powder, 
are  owing  to  the  mechanical  texture,  and  that  flight  and  eafy  way,  wherein 
the  ingredients  are  mixed ; which  are  alfo  with  eafe  diflociated,  by  a chy- 
mical  procefs. 

But  to  illuftrate  refulting  adtions  by  an  inftance  purely  phyfical ; by  taking 
two  powders,  fit  for  my  purpofe,  one  blue  and  the  other  yellow,  and  mixing 
them  in  a certain  proportion,  the  mixture  exhibited  a green  colour,  which 
did  not  flow  from  any  new  predominant  form,  making  the  blue  and 
yellow  corpufcles  fubfervient  to  its  purpofes  •,  but  only,  from  the  mixture  of 
thofe  bodies,  the  diftindt  adtions  of  the  blue  and  the  yellow  corpufcles  made 
upon  the  eye  a compound  imprefiion,  like  that  of  bodies,  whereto  their 
fpecific  forms  are  fuppofed  to  impart,  among  other  qualities,  greennefs.  Thu3 
alfo,  when  vitriol,  and  fublimate,  are  made  by  art,  there  needs  nothing,  be- 
fides  the  manner,  wherein  the  faline,  and  metalline  particles  are  contexed,. 
either  to  hold  the  parts  together,  and  keep  them  united  into  one  body, 
or  to  enable  the  mixture  to  effedt  feveral  things,  which  neither  of  them 
would  have  performed  apart.  And,  as  in  a watch,  the  fpring  is  really  a 
fpring,  and  adts  as  one,  whilft  it  is  a part  of  the  watch,  tho5  by  reafon  of 
its  connexion  with  the  other  parts,  it  is  reduced  to  concur,  with  thofe,  to- 
wards exhibiting  the  phenomena  proper  to  the  whole  engine  ; fo,  in  many 
compound  bodies,  befides  the  fpecific  form,  which  the  body  has,  as  fuch, 
•and  which  may  be  called  its  total  or  general  form,  the  particular  bodies, 
{by  whofe  affociation  and  conjundtion  it  is  made  up)  may  enjoy  their  own 
diftindt  forms,  and  be  therefore  called  partial  forms:  and  thefe  bodies,  tho5' 
they  are  part  of  the  whole,  whilft  it  fubfifts,  and,  by  their  connexion  with 
the  reft,  concur  to  the  operations  of  the  body,  as  fuch,  (which  joint  opera- 
tions are  ufually  attributed  to  the  fpecific  form)  yet  they  do  not  always  fo 
depend  thereon,  but  after  it  is  aboliftied,  they  may  retain  their  own  na- 
ture •,  as  a bone,  will  be  a bone  for  whole  ages  after  the  animal  it  belonged 
to  is  dead.  Whence  we  need  not  wonder,  that  feveral  forms  ftiould  furvive 
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in  bodies  deprived  of  their  fpecific  form.  For,  indeed,  thofe  which  are  Ph 
called  fubordinate,  may,  as  was  before  obferved,  be  as  true  and  real  forms, 
as  thofe  which  bear  the  title  of  fpecific  ; and  even,  whilft  thefe  are  in  being, 
there  are  many  things  which  compound  bodies  perform  by  virtue  of  their 
particular  forms,  rather  than  of  the  fpecific.  Thus  in  gun-powder,  the 
blacknefs  proceeds  not  from  the  compofition,  but  the  coals  j and  the  nitrous 
tafte  from  the  falt-petre. 

If  we  confider  the  arbitrary  ufe  of  the  word  form,  we  lhall  find,  that 
thofe  things,  upon  account  whereof  we  attribute  a particular  form  to  a na- 
tural body,  are  but  very  few  of  the  many  attributes  which  belong  to  it. 
Now  the  form  of  a body  being  really  no  more  than  a convention  of  attri- 
butes, whereby  the  matter  is  ftamped,  and  denominated  •,  it  is  very  probable, 
that  hoftile  caufes  may  often  deprive  the  matter  of  thofe  accidents,  which 
conftituted  the  fpecific  form,  and  yet  leave  the  reft,  which,  according  to 
the  law  of  nature,  ought  to  continue  there,  till  fome  competent  agent  put 
the  body  out  of  that  ftate,  wherein,  upon  the  form’s  deceafe,  it  was  left. 

To  clear  up  this  matter,  we  muft  confider,.  that  the  fame  body  may  have 
two  kinds  of  modification,  and  be  thereby  fitted  for  two,  if  not  more,  ftates 
and  kinds  of  operations,  not  necefiarily  dependent  upon  each  other.  For, 
as  the  fpring  of  a watch  is,  by  virtue  of  one  part  of  its  texture,  an  elaftic 
body,  and,  upon  account  of  another,  iron  5 and,  therefore,  tho’  being  caft  red- 
hot  into  cold  water,  it  will  become  ftiff  and  brittle,  and,  confequently,  ceafe 
to  be  a fpring  ; yet  it  will  ftill  continue  iron,  with  all  its  peculiar  attributes. 
Thus  in  a rofe,  we  may  diftinguifh  two  modifications  of  the  matter  ; one, 
whereby  it  is  fitted  to  receive,  from  the  buffi  it  grows  on,  a certain  peculiar 
and  fpirituous  fap,  by  whole  intervention  and  concurrence,  it  has  nouriffiment 
and  growth,  and,  confequently,  exercifes  vital  functions,  as  a part  of  a living 
plant  j and  another,  which  confifts  rather  in  the  texture  of  the  more  liable 
parts : and  this  texture  being  commonly  more  permanent  and  durable,  than  the 
other  part  of  the  modification,  wherein  the  life,  participated  by  the  rofe,  con- 
fifted,  may  laft,  when  the  flower  is  deprived  of  its  foul  and  fpecific  form,  by 
removal  from  the  buffi,  and  retain  thofe  qualities,  that  naturally  refult  from  a 
parcel  of  matter  fo  contrived.  And,  as  a mill  is  capable  of  performing  fe~ 
veral  things,  only  when  the  water,  that  pafles  through  certain  parts  of  it, 
puts  them,  and,  by  their  means,  others,  into  motion  fo  there  are  many 
things  not  performable  by  a plant,  unlefs  watered  with  a vital  liquor.  And, 
as  a mill  may,  neverthelefs,  retain  the  nature  of  a ftrublure,  ufeful  for  other 
purpofes,  tho*  the  drought  of  fummer  have,  perchance,  depriv’d  it  of  its 
water,  or  the  froft  congeal’d  it  into  ice  ; fo,  tho’  the  foul  of  a plant  be  de- 
ftroy’d,  or  ceafe  to  a£l,  the  body  may,  upon  account  of  the  more  perma- 
nent ftru£ture  of  its  liable  parts,,  retain  a fitnefs  for  many  of  the  fame  pur- 
pofes whereto  it  ferved  before.  This  comparifon,  perhaps,  will  not  hold  in 
all  circumftances : however,  there  are  l'everal  inftances  of  vegetables  refu- 
ming the  faculty  of  growing,  long  after  they  have  been  thought  lifelefs  •,  as 
the  rofe  of  Jericho , the  aloes-plant,  &V.  And  even  fome  animals  are  not  fo 
very  unlike  thefe  plants,  as  one  would  imagine : for  flies,  wafps,  &V.  will 
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Ph  y sics,  perform  their  ufual  a&ions,  upon  the  application  of  frefh  warmth,  fome 
time  after  they  have  feem’d  to  be  dead. 

To  proceed,  it  may  be  obferved,  that  even  in  a body,  which  hath  loft  its 
fpecific  form,  the  remaining  qualities  do  not  always  flow  from  the  form  of 
the  entire  body  *,  but  from  the  peculiar  form  of  fome  particular  parts  of  it, 
which  being  feparated  therefrom,  tho’,  perhaps  the  more  ftable  parts  that 
remain,  will  keep  the  vifible  ftrudture  from  being  manifeftly  altered  ; yet 
this  remaining  body  (hall  be  quite  deprived  of  its  noble  properties  *,  as  may 
appear  from  making  the  extra#  of  rhubarb,  wherein  its  whole  purgative 
virtue  refides  •,  and  from  fome  preparations  of  cinnamon,  and  other  fubftances 
of  fine  parts,  which,  upon  the  lofs  of  them,  remain  but  the  carcafles  of  what 
they  were.  And,  befides  this  pre-exiftent  and  furviving  modification,  it  is 
often  very  pofiible,  that  new  qualities  and  properties  may  be  difclofed  upon 
the  abolition  of  the  fpecific  form,  tho’  they  were  not  adtually  in  any  part  of 
the  matter,  but  are  produced  in  it  by  a concurrence  of  the  texture  and  dif- 
pofitions  left  there  by  the  late  form,  and  the  operation  of  external  agents. 
As,  when  out  of  the  flefh  of  a dead  animal,  mufk  or  infedts  are  generated  ; 
or,  as  when  a lime-ftone  calcined,  and  left  in  the  open  air,  in  time  affords 
true  and  inflammable  falt-petre.  But  as  to  the  two  modifications  of  living 
creatures  before-mention’d,  I fear  we  fometimes  attribute  to  the  fpecific  form, 
things,  that  may  be  well  perform’d  without  it,  by  the  more  ftable  modifica- 
tion of  the  body,  aflifted  by  an  eafy  concourfe  of  natural  agents.  Thus, 
tho’  the  exclufion  of  excrements  be  unanimoufly  afcribed  to  the  foul,  which, 
for  that  purpofe,  is  faid  to  be  endowed  with  a peculiar  faculty,  call’d  ex- 
pulfive  ; yet,  the  excrements  have  been  often  difcharged,  long  after  the 
creatures  were  unqueftionably  dead.  And  tho’  the  maturation  of  fruit  be 
a great  alteration,  fuppofed  to  be  wrought  by  the  vegetative  foul  of  the 
plant  *,  yet  it  has  been  obferved,  that  apples,  grapes,  &c.  gathered  before 
they  were  ripe,  and  laid  on  heaps  together,  will  ripen  well  enough  after- 
wards : and  the  common  hiftories  abundantly  prove  the  fame  in  other  the 
like  productions.  I might  add,  that  even  in  our  cold  climate,  onions,  and 
fome  other  bulbous  plants,  will,  in  the  fpring-time,  Ihoot  out  of  their  own 
accord.  And,  even  in  animals,  fome  things,  confidently  prelumed  to  be 
the  proper  effedts  of  the  foul,  may  be  really  performed  by  the  texture  of  the 
body,  and  the  ordinary  and  regular  concourfe  of  external  caufes  •,  as  the 
growth  of  nails,  hair,  &c.  after  death,  which  continues  not  only  whilft  the 
imprefftons  left  by  the  foul  upon  the  carcafs,  are  yet  vivid  and  recent,  but 
for  a much  longer  time  than  hath  been  imagined  •,  a memorable  inftance  of 
^phich  is  given  by  Par  reus , who,  fpeaking  of  a body,  which  he,  by  em- 
balming, preferved  for  more  than  twenty  five  years,  affirms,  “ that  it  ftill 
“ remained  whole  and  found  •,  and  as  to  the  nails,  having  often  pared 
“ them,  he  always  obferved  them  to  grow  again  to  their  former  length.” 

The  patrons  of  Sennertus’s  opinion,  look  upon  it  as  a cogent  argument  to 
prove,  that  the  foul  performs  almoft  all  that  is  done  in  the  body,  becaufe  in 
the  corps  of  a man  newly  dead,  tho*  the  organization  remain  the  fame,  yet 
the  animal  and  vital  functions  perfectly  ceafe.  But  tho’  the  vifible  fabric 
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may  continue,  for  awhile,  without  any  manifeft  alteration  ; yet,  who  can  Ph  y si  cs. 
aflure  us,  that  the  internal  organization  is  not  confiderably  changed  and  • — v*-— 
vitiated  ? The  body  of  an  animal  confifts  not  only  of  folid  and  liable  parts, 
as  bones,  mufcles,  &c.  but  of  feveral  foft  ones,  as  the  brain,  nerves,  &c. 
and  of  fome  that  are  fluid,  as  the  blood,  and  other  juices  •,  and,  which  is, 
in  our  cafe,  very  confiderable,  requires  a convenient  combination  of  all 
thefe  : whence  it  follows,  that  the  external  frame  of  the  body  remaining  un- 
altered, yet,  upon  death,  there  may  be  great  alterations  in  the  texture  of 
the  blood  and  humours,  and  in  the  ftruCture  of  other  internal  parts.  And 
thefe  changes  may  quite  fpoil  the  organization  of  the  body,  and  render  it 
unfit  to  perform  the  ufual  functions  of  fuch  an  engine.  But  fome  of  the 
things  hitherto  delivered,  may  be  difputcd  for  want  of  afcertaining  the 
meaning  of  the  word,  life  *,  which  is  indifferently  apply’d  to  minerals,  plants, 
animals,  and  fpirits  : and  it  is  very  difficult  to  avoid  miflakes,  or  unprofita- 
ble difputes,  if  men  do  not  ufe  words  in  the  fame  fignification.  It  may,  there- 
fore, be  convenient  to  difmifs  fo  much  of  the  controverfy,  as,  on  this  account, 
is  liable  to  ambiguity,  and  apply  the  chief  points  of  our  doCtrine  of  fubordi- 
nate  forms  to  inanimate  bodies.  And  here,  for  order’s  fake,  I fhall  call  the 
piincipal  things  into  diftinCt  proportions, and  annex  a fhort  comment  to  each. 

1 . "The  word  form  has  a very  indeterminate fignification . This  we  have  alrea- 
dy fhewn  j and  the  perfons,  who  ufe  it,  do  not  yet  pretend  to  have  agreed, 
how  many,  or  what  things,  are  fufficient  to  entitle  a portion  of  matter  to  a 
determinate  and  diflindt  form.  For  there  are  many  bodies,  fuch  as  treacle,, 
beer,  gun-powder,  coal,  ink,  &c.  about  which,  men  feem  not  to  have  con- 
fider’d,  whether  they  ought  to  have  particular  forms  aflign’d  them ; and 
there  are  others,  about  which  the  Peripatetics  difpute,  whether  they  fhouli 
have  particular  forms  allow’d,  or  no.  Ice  is,  by  fome,  made  to  be  a di- 
ftinCt  kind  of  body,,  whilfl  others  will  have  it  to  be  only  water  altered,  and 
thereby  deprived  of  its  fluidity,  not  its  form;  Nay,  even  about  the  ele- 
ments themlelves,  the  fchool-men  fiercely  difpute  ; a whole  party;  denying 
them  to  have  any  other  forms,  than  the  firfl  qualities,  by  which  they  are 
ufually  diflinguiflied.  And,  fome  bodies,  varioufly  confider’d,  feem  to 
have  a title  to  more  than  one  form  : for  inftance,  it  is  difficult  to  determine, 
whether  pure  lead,  made  into  a body,  like  Vitrum  faturni , is  moft  properly 
a metal,  or  glafs.  The  like  difficulty  occurs,  when  mifletoe  grows  very 
large  on  a hazle,  or  when  an  apricock  or  a peach  is  inoculated,  and  profpers 
upon  the  bough  of  a plumb-tree  j and  when  red  or  blue  amel  is  made  of  cal- 
cined tin,  which  they  call  putty,  and  of  the  fait  and  fand,  whereof  the  glafs- 
men  make  what  they  call  their  fritta,  and  of  fome  burnt  copper,  or  other 
metalline  pigment  •,  examples,  with  others  of  the  like  kind,  which  might, 
perhaps,  fomewhat  perplex  the  fchool-men  to  accommodate  fairly  to  the 
vulgar  doCtrine  of  forms,  at  the  introduction  whereof,  probably  fuch  in- 
ftances  were  never  thought  of. 

2.  It  is  difficult  to  decide  the  ncblenefs  of  forms.  This  point,  alfo,  has  been 
partly  handled  already  *,  and,  indeed,  as  noblenefs  is  rather  a civil  or  politi- 
cal, than  a phyfical  qualification,  it  is  often  hard  to  determine,  which,  of 
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two  forms,  is  the  moft  noble.  To  fome  examples  already  given  of  this  dif- 
ficulty, befides  the  late  in  (lance  in  glafs  of  lead,  may  be  added  that  of  anti- 
mony made  per  fe  ; crude  antimony  being  fitter  for  feveral  purpoles,  both 
mechanical  and  medical,  than  the  vitrified  calx  *,  and  this,  again,  being  fit- 
ter for  other  ufes,  than  that,  which  has  not  been  freed  from  its  more  fugi- 
tive parts.  It  was  a difpute  among  the  antients,  whether  their  Elellrum, 
a compofition  of  gold  and  filver,  was  nobler  than  either  of  thofe  metals : 
and  when  chymifts  have  made  a precipitate  of  gold  and  mercury,  it  is 
quedionable,  whether  that  be  a nobler  thing,  than  the  gold  alone  *,  tho’  if 
a chymical  phyfician  were  judge,  he  would  give  it  for  the  gold  improved 
by  the  change  *,  tho*  a goldfmith  would  conclude  it  debafed  by  the  alloy, 
and,  by  melting  it  with  borax,  free  it  from  the  quick-filver,  and  reftore 
it  to  its  pridine  form.  It  might,  alfo,  be  difputed  whether,  tho’  in  living 
creatures  the  ultimate  form  be  more  noble  than  its  previous  harbinger;  it 
may  not  be  fometimes  otherwife  in  bodies  inanimate,  as  well  as  in  the  pro- 
dudiions  of  art.  When  an  artificer  makes  filver  folder,  by  adding  to  the 
filver  a certain  proportion  of  brafs  or  copper,  tho’  he  thereby  obtains  an 
ineful  mixture,  yet  it  may  be  much  quedion’d,  whether  this  brittle  (iibftance 
be  not  lefs  noble,  than  the  filver  alone.  And  when  a plant,  growing  by 
fome  petrifying  fpring,  is,  by  imbibing  that  water,  turned,  at  length,  in- 
to a (lone,  tho’  the  rarity  of  fuch  things  makes  men  prize  them  ; yet  it  may 
well  be  quedioned,  whether  the  new  form  be  not  lefs  noble,  than  that  which 
the  plant  had  before. 

3.  In  many  bodies , the  form  is  attributed  upon  the  account  of  fome  one  emi- 
nent property , which.,  if  it  be  prefent , and  continue , tho ’ many  other  things  fu- 
pervene , or  are  wanting , the  matter  is  fill  looked  upon  as  retaining  its  form , 
and  therefore  allowed  its  ufual  denomination.  An  example  ©f  this,  we  are  furnilhed 
with,  by  the  late  indance  of  vitrum  antimonii  *,  for  tho’  in  many  refpedls,  it  puts 
on  the  appearance  of  glafs,  yet  it  retains  fo  much  of  the  antimonial  nature 
and  properties,  as  to  be  vomitive  and  purgative,  as  well  as  crocus  metallorum. 
The  expreffed  oils  of  olives,  almonds,  and  other  undluous  vegetables,  differ 
much  from  thofe  fine  effential  oils,  drawn  by  didillation  •,  and  both  of  them 
from  thofe  empyreumatical  ones  diddled  in  retorts  by  violent  fires ; yet  all 
thefe  very  different  liquors  are  reckoned  among  oils,  becaufe  they  agree  in 
being  fluid  bodies,  undtuous  to  the  touch,  and  fuch  as  will  not  mix  with  wa- 
ter. So,  altho’  fome  falts  are  very  fugitive,  as  thofe  of  harts-horn,  urine,  &c. 
others  very  fixed,  as  that  drawn  from  the  calx  of  tartar,  or  the  afhes  of 
wormwood,  &c.  yet  all  thefe  are  numbred  among  falts,  becaufe  they  agree 
in  the  refpedls  for  which  we  allow  bodies  that  denomination.  And,  indeed, 
by  reafon  of  the  unfettled  notion  of  the  word  form,  and  its  uncertain  applica- 
tion to  conditute  didin<d  claffes  or  kinds  of  bodies,  I have  doubted,  whether 
feveral  forms  be  more  than  metaphyfical  conceptions  ; by  virtue  of  which, 
bodies,  very  different  in  nature,  are  comprized  in  the  fame  denomination,  be- 
caufe they  agree  in  a fitnefs  for  fome  ufe,  or  in  fome  other  thing  that  is  com- 
mon to  them  all,  rather  than  in  fuch  true  phyfical  forms,  as  make  bodies  of 
the  fame  denomination,  likewife  of  the  fame  fpecific  nature.  However,  thefe 
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forms  feem  to  be  very  general  things,  and  more  fo,  than  is  commonly  oh-  Physics. 
ferved.  And  I have  alfo  queftioned,  whether  fome  of  thofe  things,  upon 
account  whereof  men  rank  bodies  in  a particular  fpecies  or  clafiis,  be  fo  pro- 
perly the  true  and  intrinfic  forms  of  thofe  bodies,  as  certain  fcates  of  matter, 
wherein  bodies,  very  differing  in  nature,  may  agree ; as  water,  wine,  and 
many  other  different  liquors,  may,  each  apart,  be  made,  by  congelation, 
to  pafs  into  that  fort  of  body  we  call  ice:  and  not  only  the  fuet  and  fat  of 
animals,  and  the  expreffed  oils  and  fpirits  of  fermented  vegetables,  but  alfo 
feveral  mineral,  and  metalline  concretes,  may  be  made  to  pafs  into  that  clafs 
of  body  we  call  flame. 

4.  By  reafon  of  the  conjunction  or  connexion  of  the  farts  that  make  up  a whole, 
fever  al  things  will  often  be  performed  by  the  concurrent  aCiion  ofthefe  unitedparts. 

Such  operations  are  of  kin  to  thofe,  which  the  fchoolmen  call  aCliones  com- 
munes *,  as  when  a bullet  is  let  fall  upon  a pavement,  tho*  it  touches  the  body 
it  fills  upon,  but  in  a very  fmall  part  ol  its  fuperficies,  yet  the  plane  re- 
ceives the  action  of  the  gravity  of  the  whole  body  •,  thofe  parts  that  do  not 
immediately  touch  it,  ftriking  it  by  the  intervention  of  thofe  which  do.  So, 
likewife,  in  a boat,  the  limbs  and  clothes  of  a man,  who  ftands  upon  the 
deck,  and  all  the  parts  of  a watch,  if  he  carries  one  in  his  pocket,  jointly 
gravitate  on  the  veflel,  tho*  only  the  foies  of  his  feet,  or  fhoes,  immediately 
prefs  upon  it  •,  and  the  wheels  and  other  parts  of  the  watch  may  be  moving, 
at  the  flime  time,  very  different  ways.  Now,  in  organ ical  bodies,  and  fe- 
veral others,  both  natural  and  factitious,  thofe  things  which  are  performed 
by  the  parts,  as  in  a ftate  of  conjunction,  are  often  aferibed  to  the  form  ♦,  a£ 
in  a watch,  molt  of  the  principal  phenomena  fo  depend  upon  the  concurrent 
aCtion  of  the  feveral  parts,  that  few  of  them  can  be  out  of  ord°r,  but  they 
will  hinder  thofe  phenomena  from  appearing  at  all,  or,  at  leaft,  from  be- 
ing well  and  regularly  produced. 

5.  We  may  yet,  in  a due  fenfe , admit , that  in  fome  bodies , there  are  fub ordi- 
nate forms.  I know  it  is  pretended,  that  one  body  can  have  only  one  form : 

-but  tho’  a body  can  have  only  one  total  and  adequate  form,  yet,  its  parts 
may  have  their  partial  forms  fubordinate  to  that  •,  as  the  fteel-fpring,  and 
brafs-wheels,  of  a watch,  may  retain  their  diftinCt  metalline  forms,  tho9 
the  watch  they  compofe  be  but  one.  And  the  fchoolmen  themfelves,  with 
many  of  the  antients,  have  afferted,  that  in  compound  bodies,  the  elements 
retain  their  refpeCtive  forms,  notwithftanding  the  new  form,  that  belongs 
to  the  mixed  body.  It  is  alfo  objected,  againfb  the  fupervention  of  a higher 
form,  that  a body,  being  already  complete  in  its  own  kind,  by  its  own 
form,  no  other  form  can  accrue  to  it,  without  making  what  is  called  ens  per 
accidens.  To  this  I anfwer,  that  the  notion  of  an  ens  per  accidens  belongs 
rather  to  metaphyfics,  than  natural  philofophy  ; and  in  what  its  eflence 
confifts,  is  ftill  fo  hotly  difputed,  that  no  arguments  from  it,  can  juftly 
affeCt  the  prefent  cafe  : and,  indeed,  when  we  confider,  that  the  fchools 
allow  the  foul  and  body  to  make  up  a man,  who,  according  to  them,  is 
unum  per  fe , and  not  per  accidens  *,  and  teach,  that  the  rational  foul,  which 
is  a fubftance,  and  the  underftanding  and  will,  which  are  laid  to  be  its  fa- 
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Physics,  culties,  and  fo  its  accidents,  make  mum  per  fe\  by  a parity  of  reafon,  that 
predicate  or  qualification,  may  well  be  taken  in  as  large  a fenfe  as  is  requifite 
for  our  purpofe.  So  that  if  the  parts  of  a body,  whether  natural  or  facti- 
tious, be,  by  their  union,  brought  to  become  the  principle  of  a property 
or  operation,  which  belongs  to  neither  of  them  fingle,  I fee  not  why  fuch  a 
body  may  notpafs  for  mumper  fe9  as  well  as  feveral  bodies  which  pafs  under 
that  notion.  It  may  be  farther  anfwered,  that  tho*  a body,  by  its  own  form, 
be  complete  in  its  kind,  yet  it  may  be  capable  of  advancement  to  a nobler 
If  ate  by  an  acceffion,  that  fhall  not  ruin  its  former  nature,  but  enable  it  to  co- 
operate to  nobler  adfions,  than  its  former  could  reach.  Thus  when  a fpring 
is  made  part  of  a watch,  it  thereby,  without  lofing  the  nature  of  a fpring, 
contributes  to  the  nobleft  phenomena  of  fo  curious  an  engine  : and  the  in- 
gredients of  gun-powder,  by  the  fuperindudtion  of  the  form,  or  new  con- 
texture they  acquire  by  mixture,  are,  each  of  them,  enabled  to  co-operate 
to  the  performance  of  things,  far  exceeding  the  utmoft  they  could  do  before. 
Nor  will  it  follow  from  this  fuperindudtion  of  forms,  that  there  may  be  a 
form  of  a form,  as  well  as  of  matter  *,  but  only  that  to  a body,  which  hath 
already  a form,  a farther  form  may  fupervene. 

6.  The  fup ervent ion  of  a new  form  is  often  blit  accidental  to  the  pre-exiflent 
form ; and  does  not  at  all  deftroy  its  nature , but  modify  its  operations.  A needle* 
not  touched  by  a load-ftone,  has  its  own  form,  as  a piece  of  Heel,  as  well 
as  the  figure  of  a needle  •,  but,  when  it  comes  to  be  excited  by  the  load- 
ftone,  there  are  then  new  and  wonderful  properties  fuperinduced  ; and  this, 
needle  is  then  able  to  point  regularly  north  and  fouth,  attradt  other  needles, 
and  communicate  a verticity  to  them  ; and  fo  is  fit  for  much  nobler  ufes, 
than  before.  And  this  new  modification  fo  regulates  its  motions,  that, 
tho’  before  it  was  indifferent,  if  nicely  poifed,  to  reft  at  any  point  of  the. 
compafs  •,  it  is  now  determined  to  keep  moving,  kill  it  points  north  and 
fouth,  and  to  reft  in  that  pofition  only  : yet,,  by  drawing  this  magnetic 
needle,  after  a certain  manner,  upon  the  pole  of  a vigorous  load-ftone,  you 
may,  in  a moment,  deprive  it  of  all  its  additional  faculties,  tho*  it  will  re- 
main  as  true  a fteel-needle  as  at  firft.  And  a little  reflection  on  the  fore- 
mentioned  inftance  of  the  fpring  of  a watch,  will  fhew  what  it  is,  that  the 
ftrudture  or  modification,  whence  the  form  of  the  whole,  according  to  us,, 
relults,  does  to  a body  already  endowed  with  its  own  form.  For,  as  the 
fpring,  tho*  it  retain  its  own  nature,  and  adts  according  to  it  \ yet,  by  the 
contrivance  of  the  watch,  it  is  not  only  fo  pent  in,  that  it  cannot  gain  its 
full  extent*  as  otherwife  it  would,  but  by  the  fame  contrivance,,  its  inceffant 
endeavour,  to  ftretch  itfelf,  is  fo  moderated  and  managed  by  the  wheels 
and  balance,  that  it  principally  concurs  to  fet  all  the  other  parts  in  motion, 
and  to  perform  the  office  of  a watch : fo  in  natural  bodies,  what  is  per- 
formed by  the  fupervention  of  a higher  and  total  form,  is,  that  by  vircue 
of  the  connexion  and  ftrudture  of  the  parts  introduced  with  this  new  form, 
the  adtion  of  the  particular  parts,  tho’  they  retain  their  own  partial  forms,, 
and  adt,  as  far  as  they  can,  according  to  them,  is  fo  maftered,  or  otherwife 
modified,  that  they  are  brought  to  concur  to  thofe  things  that  are  done  by 
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the  whole  body  as  one  agent,  and  become  fubfervient  to  the  operations,  that  Ph  ysics. 
are  proper  to  the  body  in  its  new  and  ultimate  capacity.  Thus  when  a piece  — v — 

of  lead  is,  without  addition,  vitrified  by  the  mere  adtion  of  the  fire  ; this 
happens  to  the  body,  upon  its  acquiring  the  form  of  glafs,  that,  whereas, 
before,  the  metalline  particles  were  fo  inconveniently  fituated,  and  fhaped, 
that  they  denied  paffage  to  the  rays  of  light  •,  and,  by  reafon  of  their  con- 
texture, compofed  a body  that  was  very  flexible  •,  they  become  now  fo 
ranged,  and  otherwife  altered,  that  they  freely  fuffer  the  light  to  pafs  them, 
but  admit  not  of  being  freely  bent  as  before.  And  when  falt-petre,  by 
the  addition  of  a fmall  proportion  ofbrimflone  and  coal,  is  made  into  gun- 
powder *,  this  happens  to  it,  from  its  acquired  modification,  that  if  a little 
fire  fall  thereon,  it  will  not,  as  before,  leiflti ely  confume,  and  leave  behind 
it  a confiderable  portion  of  the  whole  body,  in  the  form  of  a fixed  or  al- 
kalizate  fait,  but  fly  away  all  at  once,  and  leave  little  or  nothing  behind  it. 

7.  Befides  the  fpecific  a Elions  of  a body,  that  harbours  fub  ordinate  forms,  there 
tnay  be  fever  al  others,  wherein  fome  of  the  parts  aEl  according  to  their  particular 
and  priftine  nature.  This  follows  from  what  we  lately  fhewed,  that  the  total 
and  fpecific  form  has  not  fuch  a dominion  over  the  partial  and  fubordinate 
ones,  as  the  patrons  of  thefe  forms  imagine.  For  tho*  by  virtue  of  the 
modification  of  the  whole,  the  operations  of  the  parts  or  ingredients  are  fo 
guided,  as  to  concur  to  thofe  operations  that  belong  to  the  whole,  and  are 
requifire  to  be  performed  by  a joint-addon  ; yet,  in  other  refpeds,  as  it  is 
not  neceffary,  that  fuch  bodies  fhould  have  their  parts  entirely  under  the  do- 
minion of  the  ultimate  form,  they  may  ad  according  to  their  diftind  and  par- 
ticular qualifications.  But  this  will  be  farther  cleared  by  fhewing,  that  the 
lame  things  may  happen  to  feveral  bodies,  which  appear  in  a watch,  where, 
tho*  the  form  of  the  engine,  in  many  refpeds,  makes  the  fprings  and  wheels, 
and  other  parts,  concur  to  perform  the  operations  proper  to  fuch  an  engine, 
yet  the  wheels  may  look  bright  and  yellow,  the  fpring  may  move  a mag- 
netic needle,  and  other  parts  may  do  other  things,  not  by  virtue  of  the  form 
of  a watch,  but  by  virtue  of  their  own  qualities.  Thus  when  in  pills,  and 
other  medicines,  made  up  of  feveral  ingredients,  the  compofitioh  has  fome 
refulting  virtues  diftind  from  thofe  of  the  ingredients,  and  belonging  to  the 
compofition ; yet,  it  may  often  happen,  that  fome  particular  ingredient  will 
not  only  retain  its  former  nature,  but  fo  retain  it,  that  the  compofition  is 
endowed  with  that  quality,  only  upon  account  of  that  ingredient.  Thus 
ambergreece,  mixed  with  purgative  ingredients,  retains  its  own  grateful 
fmell,  and  communicates  it  to  the  whole  mafs,  whereof  the  pills  are  made: 
and  moft  purging  pills  tafte  ftrong  of  the  aloes,  whatever  the  other  ingre- 
dients be.  A farther  inftance  we  may  take  from  Venice  treacle,  not  too 
ftale : for  tho*  it  be  acknowledged,  that  opium  works  by  a fpecific  quality*, 
and  tho’  it  be  here  blended  with  above  threefcore  other  ingredients,  in  far 
greater  quantities  j yet,  in  fpite  of  the  forma  compofiti,  it  retains  its  proper 
narcotic  virtue ; and,  upon  that  account,  renders  the  whole  a powerful  re- 
medy in  feveral  diftempers,  where  quieting  medicines  are  proper.  A nolefs 
evident  example  we  have  in  the  precipitate  of  gold  and  mercury : for  tho* 
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Physics,  by  virtue  of  the  union  of  the  ingredients,  the  refulting  powder  may  gain 

^*-*-y**mj  feveral  qualities,  which  neither  the  gold,  not  the  quick-filver,  had  apart  ; 

yet,  the  falivating  faculty  of  this  precipitate,  belongs  to  it  barely  on  ac- 
count of  the  mercurial  ingredient. 

8.  That  which i in  many  bodies , is  looked  upon  as  the  fpecijic  form,  is , often , 
only  the  moft  eminent.  We  mull  here  recoiled,  (1.)  That  the  word  form, 
has  no  fettled  fignincation  *,  fo  that  feveral  bodies  to  which  particular  forms 
are  affigned,  deferve  not  that  privilege  better  than  many  others,  wherein 
no  peculiar  and  diftind  form  is  confider’d.  (2.)  That  the  forms  of  inani- 
mate bodies  are  but  refpeClive  things,  refulting  from  the  co-exiftence  of 
particular  corpufcles  or  parts,  after  a determinate  manner.  ("3.)  That  it  is 
ufually  from  fome  particular  refpeCl,  or  fitnefs  to  fome  particular  ufe,  that 
men  afcribe  this  or  that  form  to  a particular  body.  (4..)  That  the  nature 
and  fabric  of  a body  may  manifellly  fit  it  to  anfwer  more  than  one  of  thofe 
refpeds,  on  whofe  fcore  bodies  are  denominated,  or  may  be  luited  to  more 
than  one  of  thofe  ufes ; an  aptitude  for  which,  when  found  tingle  in  ano- 
ther body,  is  fufficient  to  make  it  be  referred  to  a diflinCl  kind : as  the 
vitrum  antimonii , tho’  contider’d  by  fome  as  glafs,  is,,  by  a phyfician,  looked 
upon  as  a medicine.  (5.)  That  it  is  not  necelfary,.  thefe  conjugations  of 
qualities  Ihould  have  a itridt  dependence  upon  one  another  ; as  the  emetic 
properties  of  the  antimonial  glafs  belong  not.to  it  as  glafs : nor  is  it  necelfary 
that,  if  this  very  portion  of  matter  had  not  the  form  of  glafs,  it  would  want 
or  lofe  thefe  properties.  (6.)  That  fmce  the  noblenels  or  ignoblenefs  of 
forms  depends  on  the  greater  or  lefs  ufe  of  the  body;  one  man  may,  in  the 
fame  body,  look  upon  one  kind  of  modification,  and  another  upon  a quite 
different  one,  as  the  highefl  form  of  that  body.  Thus  a watch,  that  Ihews 
only  the  hours  and  their  quarters,  hung  at  a firing,  and  made  to  fwing  as  a 
pendulum,  would  to  an  aftronomer,  who  was  to  make  nice  obfervations,  be 
moll  ufeful  in  the  capacity  of  a pendulum  ; becaufe,  as  that,  it  may  divide 
a minute  into  feconds,  half  feconds,  £s?r.  but  for  other  men,  who,  tho’  they 
want  an  inflrument  to  meafure  time,  require  not  fuch  minute  fubdivifions  . 
of  it ; the  little  engine  we  fpeak  of,  will  be  much  more  ufeful  and  confide- 
rable,  in  the  capacity  of  a watch.  (7.)  Hence  it  may  often  happen  in 
inanimate  bodies,  whether  natural,  or  factitious,  that  the  ultimate  or  chief 
form,  is  not  the  prefiding  form,  but  only  the  moll  eminent;  by  which,  I 
mean  not  limply  the  noblell,  but  that  which  is,  for  the  time  at  leall,  the 
moll  confidered : or,  in  other  words,  the  form  moll  regarded,  is  not  fo 
much  that  which  reigns,  as  that  which  denominates. 

9.  Thefe  forms  feem  to  he  rather  concurrent , than  fuhordin-ate.  For  if  a body 
can  have  feveral  fuch  conjugations  of  accidents  or  modifications,  as  may 
entitle  it,  in. differing  refpe&s,  to  different  forms  ; and  that  form,  which  is 
confidered  as  the  moft  eminent,  be  not  the  prefiding  form,  nor  fo  much  as 
always  the  noblell  .;  may  not  thefe  forms,,  which  co-exift.  in  the  fame  body, 
be  more  fitly  termed  concurrent  or  coincident,  than  fubofdinate } And* 
indeed,  as  to  inanimate  bodies,  this  dominion  and  fubjeClion,  which  is 
imagined  between  forms,  feems  to  me,  in  many  cafes,  neither  well  efta^ 
& bliihedj). 
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blifhed,  nor  eafy  to  be  explained.  I doubt  too,  that  fometimes  we  miftake  Physics, 
names  for  things  *,  and  becaufe,  when  a body,  by  the  adtion  of  proper  agents,  ^ 

obtains  fuch  a modification  as  fits  it  for  particular  abfions  and  ufes,  we  call 
it  by  a certain  name,  and  attribute  a form  to  it  *,  we  are  apt  to  conclude, 
that  the  faculties  and  qualifications  it  enjoys,  and  the  things  it  is  able  to  do, 
are  owing  to  this  form,  as  if  it  were  fome  diftindt  and  operative  fubftance, 
put  into  the  body  *,  and  really  began,  guided,  and  over-ruled  the  motions 
and  actions  of  the  compofition.  Whereas,  indeed,  what  we  call  the  form, 
if  it  be  not,  fometimes,  little  more  than  one  of  thofe  airy  things,  which  the 
fchools  call  an  external  denomination,  feems  often  to  be  rather  a metaphyfica! 
conception,  than  a phyfical  agent,  that  performs  all  things  in  the  body  it  is 
afcribed  to.  Thus  when  a piece  of  fteel,  conveniently  fhaped,  is,  by  a due 
temper  given  it,  turned  into  the  fpring  of  a watch  •,  the  motions  of  the 
watch,  tho*  proceeding  from  this  fpring,  proceed  not  from  the  form  of  the 
iron  ; and  the  fpringinefs  itfelf,  flows  not  immediately  from  that  form,  but 
from  a mechanical  and  adventitious  texture,  fuperinduced  in  the  metal,  and 
given  it  by  feveral  outward  agents,  as  the  fire,  the  hammer,  &c.  And  it  is 
lb  far  from  evident,  that,  in  bodies  inanimate  and  compounded,  the  moft 
eminent,  and  moil  conficiered  form,  mull  have  a dominion  over,  and  an  effi- 
cacy in  all  operations  and  abfions  of  the  compofition,  that  even  in  bodies  not 
fo  compounded,  it  is  not  always  necefiary,  that  the  fpecific  torm  fhould  have 
fo  much  as  a concurrent  fhare  in  what  is  performed : tor  external  agents 
may  introduce  fuch  qualities  into  the  body  we  fpeak  of,  as,  being  once  there, 
will  fuffice  for  abiions  and  productions,  fuitabie  to  their  own  nature,  whe- 
ther the  form  be&btive  in  afiifting  them  or  no.  We  fee  that  boiling  water, 
taken  off  the  fire,  will  raife  bl liters  on  a man’s  hand,  and  perform  other 
things,  which  are  ufuaJfy  the  eftebls  of  fire,  only  by  virtue'  of  the  adven- 
titious heat  it  has  received  *,  tho’,  according  to  the  Peripatetics , the  form 
of  water,  which  is  an  element  naturally  cold,  as  well  as  moifi,  ought  ra- 
ther to  oppofe,  than  promote  the  adtion  of  the  preternatural  heat.  And 
the  like  might  be  faid  of  a heated  iron  taken  from  the  fire.  It  may,  indeed, 
be  pretended  in  favour  *of  the  fchools,  -that  it  is  the  fire,  which  got  into, 
and  yet  remains  in  the  iron,  that  caufed  thefe  effebts.  But  this  fubterfuge 
would  involve  them  in  very  perplexing  difficulties.  However,  I will  put  a 
cafe  where  it  cannot  be  made  ufe  of : fuppofe,  then,  the  iron  to  be  heated, 
not  by  the  fire,  but  by  forcible  ifrokes  between  a hammer  and  anvil,  both 
of  them  abhially  cold.  When  a piece  of  filver  is,  by  being  hammer’d,  or 
drawn  into  wire,  made  a fpringy  body,  it  will  be  able  to  perform  many 
things  by  that  acquired  elafticity,  which  do  not  at  all  flow  from  the  form 
peculiar  to-  the  metal : for  not  only  copper,  fteel,  and  many  other  bodies, 
may  be  made  fpringy  too*,  but,  if  you  heat  it  in  the  fire,  the  goldfmith 
will  afiure  you,  that  it  is  as  true  and  as  good  filver  as  before  *,  and  yet  it 
will  ceafe  to  be  a fpring.  And  fo  when  a fmith  makes  a file,  by  forming  many 
little  channels  on  it,  a-crofs  one  another,  and,  afterwards,  hardening  the 
fteel  •,  by  virtue  of  this  roughnefs,  which  is  given  it  by  external  agents,  it 
acquires  a durable  roughnefs,  upon  which  account  it  is  qualified  to  perform 
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many  confiderable  things,  whereto  the  form  of  the  mere  metal  does  not, 
for  ought  that  appears,  concur.  And  tho’  hardnefs  contributes  to  make 
a good  file,  yet,  not  only  the  iron  was  as  true  and  perfect  iron,  before  it 
became  rough  as  afterwards  ; but  even  that  degree  of  hardnefs,  which  qua- 
lifies our  internment  to  be  a good  file,  flows  not  immediately  from  the  form 
of  the  metal  •,  for  that  was  true  iron  when  foft,  and  its  eminent  degree  of 
hardnefs  was  given  it  by  the  temper  it  received  from-the  fmith. 

But,  to  conclude,  I mull  again  complain,  that  the  uncertain  fignification 
-and  ufe  of  the  terms,  employ’d  about  thefe  points,  are  apt  to  occafion 
much  darknefs  and  difficulty  in  our  enquiries  into  the  things  themfelves  •, 
and,  I am  apt  to  think,  that  if  the  meaning  of  the  terms,  form,  life,  foul, 
animal,  vegetative,  and  fome  few  others,  were  clearly  defined,  and  agreed 
on,  a great  part  of  the  perplexing  controverfies,  about  fubordinate  forms, 
with  what  relates  to  them,  would  appear  to  be  dilputes  about  words  only. 
And  if  I ffiould,  any  where  in  this  difeourfe,  have  dropt  into  a verbal  con- 
troverfy  myfelf,  I can  fafely  fay,  that  my  endeavours  have  all  along  been 
to  -expunge  received  errors,  and  to  eftablifh  a better  theory  of  thefe 
matters. 


S E G T.  IV. 

17£  7 E have  already  feen,  it  is  by  a kind  of  tacit  agreement,  that 
V V men  diftinguiffi  the  fpecies  of  bodies  ; and  that  thole  diftinctions 
are  more  arbitrary,  than  moft  are  aware  of : nor  have  I yet  met  with  any 
genuine  and  fufficient  boundary  for  the  fpecies  of  things,  or  any  determi- 
nate number  of  qualities,  neceflary  to  conftitute  diftindt  kinds  of  natural 
bodies.  We,  therefore,  look  upon  thofe  as  diftindt  fpecies  of  bodies,  that 
have  had  diftindt  names  affign’d  them*,  tho’,  perhaps,  many  of  them  differ 
much  lefs  from  one  another,  than  other  bodies,  efteem’d  but  of  one  fort. 
Whether  water  and  ice  ought  to  be  efteem’d  diftindt  bodies,  is  fo  little 
evident,  that  fome  affirm,  water  lofes  not  its  own  nature,  by  being  turned 
into  ice ; which  is  made  plaufible,  by  the  reduciblenefs  of  it  back  again 
into  water : yet  others  again  make  them  diftindt  fpecies  of  bodies,  becaufe 
the  one  is  fluid,  and  the  other  folid  *,  and,  alfo,  becaufe  ice  is,  commonly, 
mere  or  lefs  opake,  and  lighter  in  fpecie , than  water.  We  may  add,  that 
ice,  beaten  with  common  fait,  will  freeze  other  bodies,  when  water,  mixed 
with  fait,  will  not.  And  I would  be  refolved,  whether  muft,  wine,  fpirit 
of  wine,  vinegar,  and  tartar,  are  bodies  fpecificaliy  diftindt.  The  like 
queftion  might  be  asked  of  an  egg,  and  the  chick  that  is  afterv/ards  hatched 
out  of  it ; as  alfo,  of  the  eggs  of  filk-worms,  which  are  firft  fmall  cater- 
pillars, then  aurelia’s,  and  next  butter-flies.  And  whether  the  anfwer  to 
thefe  queries  be  affirmative  or  negative,  I doubt,  the  reafon  that  will  be 
given  ior  either,  will  not  hold  in  feveral  cafes.  And  it  may  ft  ill  be  more 
puzzling  to  ask,  whether  a charcoal,  throughly  kindled,  difters  fpecificaliy 
from  another  charcoal.  Nor  is  it  eafy  to  determine,  whether  clouds,  rain, 
hail,  and  fnow,  be  all  fpecificaliy  diftindt  from  water,  and  from  each  other. 

But 
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But  if  fuch  flight  differences  difcriminate  thefe  bodies,  it  will  be  hard  to  Physics. 
give  a fatisfaCfcory  reafon,  why  other  bodies,  that  differ  in  more  confiderable  v— 
particulars,  fhould  not  enjoy  the  fame  privilege  ; as,  I prefume,  that  fnow 
differs  lefs  from  rain,  than  paper  from  rags,  or  glafs,  made  of  wood-afhes, 
from  wood.  And,  indeed,  men  having,  by  tacit  confent,  agreed  to  look 
upon  paper,  glafs,  foap,  fugar,  brafs,  ink,  pewter,  gun-powder,  &c.  as 
diftinCt  forts  of  bodies  *,  why  may  they  not  be  thought  to  have  done  it  on  as 
good  grounds  as  thofe,  upon  which  many  other  differing  fpecies  of  bodies 
have  been  confiituted  ? It  will  not  fuffice  to  objeCt,  that  thefe  bodies  are 
factitious;  for  it  is  the  prefent  nature  of  bodies,  which  ought  to  be  confi- 
der’d  in  referring  them  to  fpecies,  which  way  foever  they  came  by  that  na- 
ture : for  fait,  which,  in  many  countries,  is  made  by  boiling  fea-water  in 
proper  veffels,  is  as  true  fea-falt,  as  that  which  is  made  in  the  ifle  of  Man^„ 
by  the  bare  aCtion  of  the  fun  upon  the  fea-water,  left  behind  in  hollow 
places,  after  a high  fpring-tide.  And  filk-works,  hatch’d  by  the  heat  of 
a human  body,  and  chickens  produced  in  sEg' ypt  by  the  heat  of  ovens  or 
dunghills,  are  as  true  filk-worms  and  chickens,  as  thofe  which  are  hatched 
by  the  fun  or  by  hens. 

And  whatever  may  be  faid  of  factitious  bodies,  where  man,  by  inftiru- 
ments,  only  gives  figure  to  the  fenfible  parts  of  matter,  as  when  a ftatuary 
makes  an  image;  yet  the  cafe  may  differ  in  thofe  other  factitious  produc- 
tions, wherein  the  infenfible  pai  ts  of  matter  are  altered  by  natural  agents,  which 
perform  the  greatefi  part  of  the  work  among  themfelves,  tho’  the  artificer 
be  afiifiant  in  putting  them  together.  And,  therefore,,  all  chymicai  pro- 
ductions may  well  be  look’d  upon  as  natural  bodies  •,  fince  the  fire,  which 
is  here  the  grand  agent,  doth  not, .by  being  employ’d  by  the  chymift,  ceafe 
to  be  a natural  agent  •,  fince  nature  herfelf,  by  the  help  of  the  fire,  fome— 
times  affords  us  the  like  productions,  wherewith  the  chymift  prefents  us. 

Thus  in  Attna^  Vefuvius , and  other  burning  mountains,  ftones  are  turned  in- 
to lime,  and  fometimes  vitrified,  whilft  allies,  and  metalline  flowers  of  feveral 
kinds,  are  fcattered  about  the  neighbouring  places  ; and  plenty  of  Rowers 
of  fulphur,  fublimed  by  the  internal  fire,  appear  about  the  vents,  at  which 
the  fumes  are  difcharged  into  the  air.  And  many  bodies  we  meet  with 
in  the  lower  parts,  of  the  earth,  and  think  to  have  been  formed  there,  ever 
fince  the  beginning  of  things,  may  have  been  more  lately  produced,  by 
means  of  fubterranean  fires.  Thus  lead  may  be  turned  into  minium, , 
and  tin  into  putty,  or  feveral  faline  and  fulphureous  corpufcles,  riling  in 
fumes,  may  alter  the  nature  of  other  fubterranean  bodies ; or,  by  con- 
vening among  themfelves,  conRitute  particular  concretions  ; as  the  fumes, 
of  fulphur  and  mercury  unite  into  vermilion,  which  is  fo  like  to  the 
mineral,  whence  we  ufually  obtain  mercury,  that  they  both  go  by  the 
fame  name  of  cinnabar.  Since  then  thefe  productions,  being  of  nature’s 
own  making,  cannot  be  denied  to  be  natural  bodies  ; why  Riould  the  like 
productions  of  the  fire  be  thought  unworthy  that  name,  only  becaufe  the 
fire,  which  made  the  former,  was  kindled  by  chance  in  a hill,  and  that 
which  produced  the  latter,  light  up  by  a man  in  a furnace.  And  if  flower 
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Physics,  offulphur,  lime,  glafs,  and  melted  mixtures  of  metals  and  minerals,  are  to 
. be  reckoned  among  natural  bodies ; it  feems  but  reafonable,  that,  upon 
the  fame  grounds,  we  fhould  admit  flowers  of  antimony,  glafs,  pewter, 
brafs,  and  many  other  chymicai  concretes,  to  be  taken  into  the  number* 
and  then  it  will  be  evident,  that  to  diftinguifh  the  fpecies  of  natural  bo- 
dies, a concourfe  of  accidents  will  be  fufficient,  without  confidering  any  fub- 
ilantial  form.  But  becaufe  we  need  not  have  recourfe  to  inltances  of  a 
difputable  nature,  for  the  illuftration  of  the  mechanical  production  of  forms, 
let  us  examine  only  that  of  vitriol.  For,  fmce  nature  herfelf,  without  the 
help  of  art,  often  produces  that  concrete,  there  is  no  reafon  why  vitriol, 
produced  by  eafy  chymicai  operations,  fhould  not  be  looked  upon  as  a body 
of  the  fame  nature  and  kind.  And  in  fa&itious  vitriol,  our  knowing  what 
ingredients  we  make  ufe  of,  and  how  we  put  them  together,  enables  us  to 
judge  very  well  how  vitriol  is  produced.  But  becaufe  this  is  ufually  reckon’d, 
with  falt-petre,  fea-falt,  and  fal-gem,  among  true  falts  > we  muff  take  no- 
tice, in  the  firfl;  place,  that  vitriol  is  not  a mere  fait,  but  what  Paracelfus , 
and,  after  him,  others  call  a magiftery  •,  which,  in  their  fenfe,  commonly 
fignifies  a preparation,  wherein  the  body  to  be  prepared  has  not  its  prin- 
ciples feparated,  as  in  diftillation,  incineration,  &c.-  but  wherein  the  whole 
body  is  brought  into  another  form,  by  the  addition  of  fome  fait  or  men- 
ftruum,  united,  per  minima,  with  it.  And  accordingly,  we  find,  that  from 
common  vitriol,  whether  native  or  factitious,  may  be  obtained  an  acid,  fa- 
line  fpirit,  and  a metalline  fubftance  ; as  copper  may  be  feparated  from  blue 
vitriol.  And  as  there  is  vitriol  of  iron,  which  is  ufually  green,  and  another 
of  copper,  which  is  blue,  and  alfo  a white  vitriol,  whofe  compofition  is  ge- 
nerally unknown  ; yet  all  of  thefe  are,  without  fcruple,  reputed  true  vitriols, 
tho’  they  differ  fo  much  in  colour,  and  feveral  other  qualities  *,  fo  I fee  no 
reafon,  why  the  other  minerals,  being  reduced,  by  their  proper  menftrua, 
into  fait,  like  magifteries,  may  not  pafs  for  the  vitriols  of  thofe  metals,  and, 
confequently,  for  natural  bodies.  If  upon  the  filings  of  fteel,  we  put  a con- 
venient quantity  of  oil  of  vitriol,  and  dilute  the  mixture  with  water,  it  is 
eafy  to  obtain  a vitriol  of  iron  by  cryffallization  ; which  fully  agrees  with 
the  other  vitriol,  produced  by  nature  without  the  help  of  any  other  men- 
ilruum,  than  rain  water  falling  upon  the  marcafites.  But  that  no  fcruple 
might  arife  from  themenftruum  ufed  in  making  vitriolum  martis •,  I employ’d 
a different  one,  that  could  not  be  fufpedled  to  have  any  thing  of  vitriol  in 
it  * and  this  was  fpirit  of  fait,  which  anfwered  the  fame  end.  Nor  will  the 
great  difpofition  in  this  our  vitriol  to  refolve,  by  the  moifture  of  the  air,  into 
a liquor,  make  it  effentially  different  from  other  vitriols  *,  fince  it  has  been 
obferved,  that  even  the  common  vitriol  in  Germany , will  alfo  run  per  deli- 
quium.  To  apply  thefe  experiments,  we  may  confider,  firfl',  that  our  factitious 
vitriol  is  not  only  endowed  with  many  qualities  common  to  other  falts,  as 
tranfparency,  brittlenefs,  folubility  in  water,  &c.  but  fuch  as  are  peculiar 
to  it,  as  greennefs,  eafinefs  of  fufion,  ftypticity  of  tafle,  a peculiar  fhape, 
a power  to  ffrike  a black  with  infufion  of  galls,  an  emetic  faculty,  &c.  and, 
fecondly,  that  tho’  thefe  qualities,  are,  in  common  vitriol,  fuppofed  to  flow 
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From  the  fubftantial  Form  of  the  concrete,  and  may,  as  juftly  as  the  qualities  Physics. 
of  other  inanimate  bodies,  be  employ’d  to  prove  fuch  a form  : yet,  in  our  f 

vitriol,  made  with  fpirit  of  fait,  the  fame  qualities  were  produced  by  the  af~ 
fociation  of  two  ingredients,  fingly  deftitute  of  them  i which  enabled  it 
to  aftedtour  organs  of  fenfe,  and  work  upon  other  bodies,  after  the  manner 
of  common  vitriol.  Indeed,  it  is  fo  far  from  appearing,  that  any  fubftan- 
tial form  is  here  generated  a-new,  that  there  is  not  fo  much  as  an  exquifite 
mixture  made:  for  both  the  ingredients  retain  their  nature,  and  may  eafily 
be  feparated  by  diftillation  *,  fo  that  there  is  here  but  a juxta-pofition  of  the 
metalline  and  filine  particles  *,  only  they  are  fo  affociated,  as  by  the  man- 
ner of  their  coalition  to  acquire  that  new  texture,  which  denominates  the 
magiftery  they  compofe,  vitriol. 

But  tho’  the  exadt  and  curious  figures,  into  which  vitriol,  and  other  falts,  Wx  curious  /- 
are  apt  to  fhoot,  be  made  arguments  of  the  prefence,  and  great  inftances  U 

the  plaftic  (kill  of  fubftantial  forms,  and  feminal  powers  •,  yet,  I am  not  fo  fubftantial**1 
fully  fatisfy’d  in  this  matter,  as  the  modern  philofophers  appear  to  be.  It  forms. 
is  not  that  I deny  Plato’s  y*^*rp«r  i ©«?,  to  be  applicable  to  thefe  exquifite 
produdtions  of  nature ; for  tho’  God  has  thought  fit,  to  make  things  after 
a more  intelligible  way,  than  by  the  intervention  of  fubftantial  forms  ; and 
tho’  the  plaftic  power  of  feeds,  feems  unneceftary  in  our  cafe  •,  yet  the  di- 
vine geometry  is,  neverthelefs,  to  be  acknowledged,  for  having  endowed 
the  primary  corpufcles  of  falts  and  metals,  with  a peculiar  fitnefs  for  fuch 
concretions.  And,  tho’  I fee  no  neceftity  for  afcribing  fuch  produdtions  to 
a plaftic  power  *,  yet,  the  more  elaborate  and  curious  fabric  of  animals,  may 
be  afcribed  to  an  higher  origin.  But  my  conjedtures  about  the  figures  of 
falts,  will  be  fupported  by  thefe  confiderations. 

1 . By  a bare  affociation  of  metalline  and  faline  corpufcles,  a concrete,  as 
finely  figured  as  other  vitriols,  is  producible  *,  as  we  have  already  fhewn. 

2.  The  figures  of  thefe  falts  are  not  conftantly  the  fame,  but  differently 
varied,  as  they  happen  to  fhoot  more  or  lefs  haftily,  or  in  different  pro- 
portions of  liquor  ; as  is  manifeft  from  the  difference  in  cryftals  of  vitriol, 
when  large  quantities  are  taken  out  of  the  great  coolers.  And,  accordingly, 
where  Agricola  defcribes  the  feveral  ways  of  making  vitriol  in  large  quanti- 
ties, he  compares  the  concretions  indifferently  to  cubes,  or  clufters  of 
grapes.  I have  fo  ordered  a pure  lixivium  of  alkalizate  falts,  from  which 
u fed  to  be  obtained  only  a white  calx,  that  it  has  fhot  into  tranfparent  cry- 
ftals, aimoft  like  white  fugar-candy.  And,  having  diftilled  a certain 
quantity  of  oil  of  vitriol,  with  a ftrong  folution  of  fea-falt,  the  refidue, 
diffolved  in  fair  water,  fhot  into  cryftals,  fometimes  of  one  figure,  and 
fometimes  of  another,  as  the  quantity  and  ftrength  of  the  oil  of  vitriol, 
and  other  accidents,  determin’d.  From  fpirit  of  urine  and  of  nitre,  I 
have  fometimes  obtained,  fine  long  cryftals,  fhaped  like  falt-petre  * and 
tho’  filver,  diffolved  in  Aqua  fortis , or  fpirit  of  nitre,  ufually  fhoots  in- 
to exceeding  thin  plates,  aimoft  like  Mufcovy- glafs ; yet,  I have  ob* 
tained  lunar  cryftals,  of  a different  figure  i each  cryftal  being  compofed 
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Physics,  of  -many  fmall  folids  finely  fhaped,  and  adhering  fo  fitly  to  one  another,  as^ 
to  have  one  furface  common  to  them  all. 

3.  Infenfible  corpufcles  of  different  exquifite  fhapes,  and  endowed  with 
plain,  fmooth  fides,  will  conftitute  bodies  varioufly,  but  all  very  finely  fi- 
gured. And,  firft,  tho’  harts-horn,  blood,  and  urine,  may  well  be  fup- 
pofed  to  have  their  fubftantial  forms  deftroy’d,  by  the  adtion  of  the  fire, 
in  their  analyfis  j yet  their  faline  particles  will  leifurely  fhoot  into  cryftals 
of  very  curious  furfaces,  and  regular  figures.  And  of  thefe  finely  fhaped 
cryftals,  of  various  fizes,  I have  obtained  feveral  from  other  diftill’d  acid 
liquors  *,  and  particularly,  with  a menftruum  that  would  diffolve  fome  gems, 
and  with  a folution  of  coral,  made  in  fpirit  of  verdigreafe.  For  the  fame  rea- 
fon,  when  I try’d,  whether  the  particles  of  filver,  diffolved  in  Aqua  fortis , 
would  not,  without  coagulating  with  the  falts,  convene,  upon  account  of  their 
• own  fhapes,  into  little  concretions  of  fmooth  and  flat  furfaces  ; I found,  that 
having  diluted  one  part  of  the  folution  with  a great  many  parts  of  diftill’d 
rain-water,  a plate  of  copper  being  fufpended  in  the  liquor,  and  fuffered  to 
lie  quiet  a while,  there  would  fettle  about  it,  fwarms  of  little  metalline  bo- 
dies, fhining  in  the  water,  like  the  fcales  of  fmall  fifh  •,  but  formed  into 
little  plates  extremely  thin,  with  furfaces  not  only  flat,  but  exceeding  glo fly  : 
and  among  thofe,.  feveral  of  the  larger  were  prettily  figured  at  the  edges. 
And  the  corpufcles  of  gold  are  fufficiently  difpofed  to  convene,  with  thofe 
of  fit  falts,  into  concretions  of  determinate  fhapes  •,  as  I have  found  in  the 
cryftals  obtained  from  it  in  Aqua  regis  : and,  alfo,  when,  by  a more  powerful 
menftruum,  I had  fubdivided  the  body  of  gold  into  fuch  minute  particles, 
as  to  be  fublimable,  thefe  volatile  particles,  with  the  falts,  wherewith  they 
were  elevated,  afforded  plenty  of  cryftals,  refembling  one  another  in  fhape. 
I have,  indeed,  fometimes  try’d  to  procure  compound  figures  from  the 
fhootings  of  different  falts  together  v but  find,  we  muft  not  expedt,  that  in 
all  cafes,  they  fhould  be  totally  compounded  : for  they  often  are  of  fuch 
different  natures,  that  one  will  fhoot  much  fooner  than  another  •,  and  then  a 
large  proportion  of  that  will  be  firft  cryftallized  in  its  own  fhape,  as  is  vi- 
iible  in  refining  impure,  or  Barb  ary  nitre,  from  the  common  fait  wherewith 
it  abounds.  And,  as  Agricola  obferves,  where  a vitriolate  matter  is  mixed 
with  alum,  thofe  two  kinds  of  fait  will  fhoot  feparately  in  the  fame  veflel 
iff  which  cafes,  all  that  can  be  expedfed,  is,  that  the  remaining  part  of  the 
mixture  fhould  afford  cryftals  of  compounded  fol  id  figures.  Tho’  the  Ve- 
netian borax,  fold  in  the  fhops,  be  a known  fadlitious  body,  compounded 
of  feveral  falts  •,  yet  fome  of  it  being  diffolved  in  a large  quantity  of  fair 
water,  and  made  to  coagulate  very  leifurely,  I thence  obtained  cryftals,  up- 
on whofe  furfaces,  I could  perceive  very  exquifite  and  regular  figures.  We 
may  add  , that  tho’  the  Caput  moriuim  of  common  Aqua  forth  con  lifts  of 
bodies  very  different  in  nature  *,  yet  barely  by  frequent  folutions  and  coagula- 
tions, the  faline  particles  will  fhoot  into  very  fine  figures  ; as  triangles, 
hexagons,  rhomboids,  &t.  no  lefs  exact  than  thofe  of  the  fineft  nitre  or  vi- 
triol fome,  moreover,  terminate  in  bodies,  almoft  like  pyramids,  con- 
futing of  feveral  triangles,  that  meet  in  one  point  at  the  vertex,  as  admi- 
rably 
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rably  fhaped  as  the  fairer  fort  of  Cornijh  diamonds.  And  I have  not  only  ob-  Ph  y s i cs. 
tain’d  new  fhapes  by  compounding  faline  bodies,  fuch  as  fea-falt,  and  fait-  v— ^ 
petre,  but  found  them,  alfo,  producible  in  fome  natural  and  chymical  falts, 
diffolved  together  •,  and,  alfo,  in  faline  fpirits  made  by  diftillation  : but  only 
thofe  are  fit  for  this  purpofe,  which  work  upon  one  another  with  ebullition  : 
for  in  that  conflifl,  the  (aline  corpufcles  affociate  together,  and,  by  their 
newly  acquired  figure,  ]ofe  much  of  their  former  volatility  *,  fo  that  upon 
evaporation  of  the  fupcrfluous  liquor,  they  will  not  fly  away,  as,  other-wife,- 
they  might,  but  coagulate  together  into  finely -fhaped  cry  dais  *,  as  I have 
tried  with  the  fpirits  of  urine  and  nitre,  oil  of  vitriol,  &c.  And,  what  is 
farther  remarkable,  fpirit  of  urine  fatiated  with  fpirit  of  fait,  has  often 
afforded  mecryft-ls,  exceedingly  different  in  fhape,  from  thofe  obtained 
with  fpirit  of  urine,  fatiated,  either  with  oil  of  vitriol,  or  with  fpirit  of 
nitre.  For  that  fait,  compounded  of  the  two  fpirits,  of  urine  and  of  com- 
mon fait,  ufually  confifts  of  one  long  rod,  whence,  on  both  fides,  iffue  out 
far  (horter  cryftals,  fometimes  perpendicular  to  that,  and  parallel  to  one 
another,  like  the  teeth  in  a comb  •,  and,  fometimes,  fo  inclining,  as  to  make 
the  whole  appear,  almoft  like  a feather  •,  which  is  the  more  remarkable, 
becaufe  I have  obferved  fal-armoniac,  made  of  crude  urine  and  common 
f It,  with  a proportion  of  foot,  will,  if  warily  diffolved  and  coagulated, 
fhoot  into  cryftals  of  the  like  fhape. 

How  far  the  unknown  figure  of  a fait  may  poffibly  be  guefs’d  at,  by  that 
of  he  figure,  which  it  makes  with  fome  other  fait,  whofe  figure  is  already 
known,  I leave  others  to  difcover. 

4.  Confidering  that  vitriol  was  but  a magiftery,  made  by  the  coagulation 
of  the  corpufcles  of  a diffolved  metal,  with  thofe  of  the  menftruum  *,  1 
thought  the  magifteries  of  other  metals  might,  without  inconvenience,  be 
added,  as  other  vitriolate  concretes,  to  the  green,  the  blue,  and  white  vi- 
triol, which  are,  without  fcruple,  referred  to  the  fame  fpecies  : but  oil  of  vi- 
triol being  not  a fit  menftruum  to  diffolve  feveral  metals,  nor  even  all  thofe 
that  it  will  corrrode  *,  and  there  being  the  like  unfitnefs,  alfo,  in  common 
fpirit  of  fait,  I pitch’d  upon  Aqua  fortis , or  fpirit  of  nitre,  as  the  men- 
ftruum, moft  likely  to  afford  variety  of  vitriols*,  and,  accordingly,  found, 
that  befides  a curious  one  from  copper,  that  liquor  would,  with  quick- 
filver,  afford  one  fort  of  cryftals,  with  filver  another,  and  with  lead  a third  *, 
all  which  cryftals  of  vitriol,  as  they  differ’d  from  each  other  in  other  quali- 
ties, fo  they  did  very  confiderably  differ  in  fhape  •,  the  cryftals  of  filver 
fhooting  into  exceeding  thin  plates,  and  thofe  of  lead  and  quick-filver  ob- 
taining figures,  tho*  different  from  each  other,  yet  of  a far  greater  depth 
and  thicknefs,  and  lefs  remote  from  the  figure  of  common  vitriol,  or  fea- 
falt  : yet  all  thefe  vitriols,  efpecially  that  of  crude  lead,  fuccefsfully  made, 
had  fhapes  curious  and  elaborate,  as  well  as  thofe  we  admire  in  common 
vitriol  or  fea-falt  *. 

If 

* Sir  Ifaac  Newton  gives  the  following  I “ line  liquor  is  evaporated  to  a cuticle, 
account  oi  cryftallization.  4(  When  any  fa-  | “ and  lq£  cool,  the  fait  concretes  in  regu- 

K k z “ lar 


244  Forms  and  Qualities. 

Physics.  If  then  thefe  curious  ftiapes,  which  are  fuppofed  the  ftrongeft  proofs  of 
fubftantial  forms,  may  be  the  refults  of  texture ; and  if  art  can  produce 
vitriol  itfelf,  as  well  as  nature  *,  are  not  fubftantial  forms  unnecefiary  in  fol- 
ving  the  ordinary  phenomena  *,  fince  matter,  with  a convention  of  accidents, 
is  alone  fufficient  for  that  purpofe  ? And  why  ftiould  we  wilfully  exclude 
thofe  productions  of  the  fire,  wherein  the  chymift  is  but  a fervant  to  nature, 
from  the  number  of  natural  bodies  ? Indeed,  fince  there  is  no  certain 
diagnoftic  agreed  on,  whereby  to  difcriminate  natural  and  factitious  bodies* 
and  conftitute  the  fpecies  of  both  *,  we  might  certainly  draw  arguments 
from  the  qualities  and  operations  of  feveral  of  thofe,  which  are  called  facti- 
tious bodies,  to  fhew  how  much  may  be  afcribed  to,  and  performed  by  the 
mechanical  charaCteriftics  or  ftamps  of  matter.  And,  if  we  admit  thefe 
productions  into  the  number  of  natural  bodies,  they  will  afford  us  a mul- 
titude of  inftances  to  fhew,  that  bodies  may  acquire  many  noble  qualities, 
barely,  by  having  mechanical  properties  introduced  by  outward  agents  into 
their  matter,  or  deftroy’d  there.  Even  thofe,  who  embrace  Ariftotle* s prin- 
ciples, confefs,  that  a flight  change  of  texture,  without  the  introduction  of 
a fubftantial  form,  may  not  only  make  a fpecific  difference  betwixt  bodies  ; 
but  fo  vaft  an  one,  that  they  ftiall  have  differing  genuses,  and  (as  the  chymifts 
fpeak)  belong  to  different  kingdoms.  For  coral,  whilft  it  grows  at  the 
bottom  of  the  fea,  is  a real  plant,  and  hath  often  been  there  found  foft, 
tender,  and  juicy  *,  it,  alfo,  propagates  its  fpecies,  as  well  as  other  fhrubs ; 
yet,  being  gathered,  and  removed  into  the  air,  it  turns  to  a ftony  concretion. 
And  a much  ftranger  thing  may  be  feen  in  the  ifland  of  Sombrero  in  the  Eaft - 
Indies , not  very  far  from  Sumatra , if  we  may  believe  Sir  James  Lancafter , 
who  relates  it  as  an  eye-witnefs  *,  for  which  reafon,  I fhall  add  the  ftory  in 
his  own  words.  iC  Upon  the  coaft  of  Sombrero  ,”  fays  he,  “ we  found  upon 
“ the  fand,  by  the  fea-fide,  a fmall  twig  growing  up  to  a young  tree  *,  and 
<c  offering  to  pluck  up  the  fame,  it  lhrunk  down  into  the  ground,  and 
“ finketh,  unlefs  you  hold  very  hard.  And  being  plucked  up,  a great 
4<  worm  is  the  root  of  it ; and  look  how  the  tree  groweth  in  greatnefs,  the 
<c  worm  diminifheth.  Now  as  foon  as  the  worm  is  wholly  turned  into  the 
tree,  it  rooteth  in  the  ground,  and  fo  groweth  to  be  great.  This  tranf- 
<c  formation  was  one  of  the  greateft  wonders  I faw  in  all  my  travels.  This. 
“ tree  being  plucked  up  a little,  the  leaves  ftripped  off  and  the  peel,  by 
“ that  time  it  was  dry,  turned  into  an  hard  ftone,  much  like  to  white  co- 
ral : fo  that  this  worm  was  twice  transformed  into  different  natures.  Of 
M thefe  we  gathered,  and  brought  home  many.”  Pifo , in  his  hiftory  of 
Profit,  appeals  to  a multitude  of  witneffes,  for  the  ordinary  transformation 
of  a fort  of  animals,  not  much  unlike  gralhoppers,  into  vegetables,  at  a 


lar  figures  ; which  argues,  that  the  par- 
“ tides  of  the  fait,  before  they  concreted, 
“ floated  in  the  liquor  at  equal  diftances 
“ in  rank  and  file,  and,  by  confequence, 
**  that  they  a&ed  upon  one  another  by 
**  fonie  power,  which,  at  equal  diltances  is 


“ equal,  at  unequal  diftances  unequal.  For 
“ by  fuch  a power,  they  will  range  them- 
“ felves  uniformly  ; and  without  it,  they 
“ will  float  irregularly,  and  come  together 
“ as  irregularly.”  Newton.  Optic,  p.  363. 


certain 
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certain  feafon  of  the  year.  And  Father  Michael  Boym  affirms,  that  he  faw  in  Physics* 
a fmall  (hallow  frefh-water  lake  of  the  ifland  Hainan , (which  belongs  to  v— 

China)  crabs,  or  craw-filh,  which,  as  foon  as  they  were  drawn  out  of  the 
water,  loft  both  life  and  motion  in  a moment,  and  became  petrified  ; tho’ 
nothing  appeared  to  be  changed,  either  in  the  external,  or  internal  figure 
of  their  bodies. 


SECT.  V. 

HAving  difpatch’d  the  firft  argument,  whereby  I propofed  to  confirm 

the  origin  of  forms,  from  the  manner,  by  which  fuch  a convention  of  ^igintffJrins, 
accidents,  as  deferves  to  pafs  for  a form,  may  be  produced  ; I proceed  to  fr0m  the  re-  * 
the  fecond  proof  I defign’d  of  the  fame,  drawn  from  the  re-produdtion  of  a newing  of  bo- 
phyfical  body.  And  this  argument  of  the  two  is  the  moft  conclufive.  For  dies' 
if  we  can  re-produce  a body,  which  has  been  deprived  of  its  fubftantial  form, 
it  feems  more  than  probable,  that  the  form,  which  gives  being  and  denomina- 
tion to  a concrete,  may  be,  in  fome  bodies,  but  a modification  of  the  matter 
they  confift  of,  whofe  parts,  by  a peculiar  difpofition  to  each  other,  conftitute 
fuch  a determinate  fubftance,  with  particular  properties  ; whereas,  if  the  fame 
parts  were  otherwife  dilpofed,  they  would  conftitute  other  bodies  of  very  dif- 
fering natures  from  that  of  the  concrete,  whofe  parts  they  formerly  were ; and 
which  may  again  refult,  or  be  produced  after  its  diftipation,  and  feeming 
deftrudlion,  by  the  re-union  of  the  fame  component  particles,  aftbciated  in 
their  former  manner.  But  tho’  an  adequate  renewal  of  a body,  chymically 
analyzed,  be  difficult,  becaufe  of  the  diftipation  of  fome  parts  in  the  pro- 
cefs  •,  yet  fuch  a re-produ£tion  as  is  practicable,  may  fuffice  for  our  purpofe. 

For  even  in  fuch  experiments,  it  appears,  that  by  the  bare  re-union  of  fome 
parts,  the  very  fame  matter,  without  addition,  may  be  brought  again  to 
conftitute  a body-  of  the  like  nature  with  the  former,  tho*  not  of  equal 
bulk. 

In  this  manner  we  attempted  the  diftipation  and  re-union  of  the  parts  of 
common  amber:  and  tho*  chymifts,  for  fear  of  breaking  their  veftfels,  when 
they  commit  it  to  diftillation,  add  fand,  brick-duft,  &c,  thereto,  yet  we 
found,  that  if  the  retort  were  not  too  full,  and  the  fire  (lowly  and  warily 
applied,  the  addition  of  any  other  body  was  needlels.  Wherefore,  having 
put  into  a glafs-retort,  four  or  five  ounces  of  amber,  and  applied  a gentle, 
gradual  heat,  we  obferved  the  amber  to  melt  and  bubble  *,  and  having  ended 
the  operation,  and  fever’d  the  veftfels,  there  was  come  over,  in  the  form  of 
oil,  fpirfr,  phlegm,  and  volatile  fait,  near  half  the  weight  of  the  concrete  : 
upon  breaking  the  retort,  we  found  in  the  bottom  of  it,  a cake  of  coal-black 
matter,  whofe  upper  lurface  was  fo  exquifitely  polifhed,  as  to  fit  it  to  ferve 
for  a looking-glafs  ; and  this  fmooth  mafs  being  broken,  the  larger  fragments 
appeared  with  an  excellent  luftre.  All  thefe  parts  of  the  amber,  being 
again  put  together,  into  a glafs-body,  with  a blind  head  luted  to  it,  were 
placed  in  fand,  to  be  incorporated  by  a gentle  heat ; but  the  (ire  having 
been  raifed  too  high,  it  forced  the  veftel  out  of  the  fand,  and  broke  off  the 

top. 


2a6  Forms  and  Qualities. 

Physics.* top.  The  remaining  matter,  refembllng  tar,  was  capable  of  being,  with 

^ v a gentle  heat,  poured  out  like  a liquor  •,  and,  when  cold,  it  would  flick 
to  the  fingers:  yet  this  opened  body  will  not  communicate  fo  much  as  a 
tin&ure  to  fpirit  of  wine  •,  but  with  oil  of  turpentine,  it  difiolves  into 
a blood -red  balfam,  ufe ful,  perhaps,  in  chirurgery. 

In  our  attempts  to  renew  vitriol,  turpentine,  and  fome  other  concretes, 
we  found  more  difficulty,  than  every  one  would  expe<ft.  The  bodies,  on 
which  fuch  experiments  are  likeliefb  to  fucceed,  feem  to  be  alum,  fea-falt, 
and  vitriol.  Tho’  we  found  it  troublefome  to  take  the  principles  of  alum 
afunder,  without  a mixture  of  fome  foreign  matter,  which  would  hinder  the 
reftoration  of  the  feparated  parts.  So,  likcwife,  if  fea-falt  be  diddled,  as 
ufual,  with  thrice  its  weight  of  burnt  clay,  or  beaten  brick,  that  will  prove 
inconvenient  in  its  redintegration  ; and  if  it  be  diftill’d  alone,  it  is  apt  to 
flux  by  heat,  and  whilft  it  remains  in  fufion,  will  fcarce  yield  any  fpirit  at 
all.  As  for  vitriol,  tho’  the  redintegration  of  it  might  feem  to  be  lefs  hope- 
ful, than  that  of  the  other  falts,  becaufe  it  confifts  not  only  of  a faline,  but 
of  a metalline  body  *,  yet,  as  there  needs  no  caput  mortuum  in  the  diftillation 
of  it,  we  made  two  or  three  attempts,  and  feemed  to  mifs  rather  upon  ac- 
count of  accidental  hindrances,  than  of  any  infuperable  difficulty  in  the 
thing  itfelf : for  in  our  attempts  to  re-unite  the  liquors  forced  off  by  diftil- 
lation, with  the  caput  mortuum , we  fometimes  obtained  fhoots  of  pure  vi- 
triol. I likewife,  digefted,  for  feveral  weeks,  a quantity  of  powdered  anti- 
mony, with  a greater  weight  by  half  of  oil  of  vitriol  *,  and  having  commit- 
ted this  mixture  to  diftillation,  obtained,  befides  a little  liquor  a confide- 
rable  quantity  of  combuftible  antimonial,  or  antimonio-vitriolate  fulphur 
-there  remaining  at  the  bottom  of  the  retort,  a light,  and  very  friable  caput 
mortuum,  all  the  upper  part  of  which  was  as  white  as  common  wood-affies, 
while  the  reft  looked  like  a cinder.  This  caput  mortuum  we  committed  to  a 
naked  fire,  in  a fmall  glafs-retort,  well  coated,  and  accommodated  with  a re- 
ceiver, for  many  hours  ; and,  at  length,  disjoining  the  veffels,  we  found  no 
antimonial  quick-filver,  and  much  lefs  of  fulphur  fublimed  than  we  expected. 
The  caput  mortuum  was  fluxed  into  a mafs,  covered  with  a thin  cake  of  glafs  *, 
fragments  whereof  being  held  againft  the  light,  were  as  colourlefs  as  com- 
mon white  glafs.  The  lump  above-mentioned  being  broken,  was  found  to 
be  perfedl  black  antimony,  adorned  with  long  fhining  ftreaks,  like  common 
antimony  ; only  this  feemed  to  have  been  a little  refined,  by  the  fequeftra- 
tion  of  its  unneceffary  fulphur  •,  which  ingredient  feems,  by  this  experiment, 
to  abound  more  in  fome  particular  parcels  of  that  mineral,  than  is  abfo- 
lutely  requifite  to  the  conftitution  of  antimony.  But  among  all  my  trials, 
about  the  redintegration  of  bodies,  that  which  feemed  to  fucceed  beft,  was 
made  upon  turpentine : for  having  taken  fome  ounces  of  this,  very  pure, 
and  good,  and  put  it  into  a glafs-retort,  I diftill’d  it  with  a very  gentle 
fire,  till  it  was  feparated  into  a large  quantity  of  very  clear  liquor,  and  a 
caput  mortuum , very  dry  and  brittle  > then  breaking  the  retort,  I powdered 
the  caput  mortuum , which,  when  taken  out,  was  tranfparent,  exceeding 
fleek,  and  very  red  s but  beink  powdered,  appeared  of  a pure  yellow  colour. 

This 
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This  powder  we  carefully  mixed  with  the  liquor  diftill’d  from  it,  which 
immediately  diffolved  part  of  it  into  a deep  red  balfam  : but  by  farther  di- 
geftion  in  a large  glafs  exquifitely  flopped,  that  colour  began  to  grow  fainter ; 
tho*  the  remaining  part  of  the  powder  was  perfedtly  difiolved,  and  fo  well 
re-united  to  the  more  fugitive  parts  of  the  concrete,  that  fcarce  any  perfon, 
by  the  fmell,  tafle,  or  confiflence,  would  take  it  for  other  than  good  tur- 
pentine. 

SECT.  VI. 

THUS  I have  endeavoured  to  give  the  fubfiance  of  the  corpufculan 
philofophy,  as  far  as  is  necefiary  towards  underflanding  the  produc- 
tions and  changes  of  particular  qualities.  And  as  thefe  principles  are  built 
upon  the  phenomena  of  nature,  and  devifed  in  order  to  explain  them,  I think  films  and  qua- 
proper  to  add,  by  way  of  recommendation  thereof,  fuch  fadls  as  led  me  to  Uties. 
this  dodtrine,  or  as  I was  directed  to  difcover  by  the  notions  I had  embra- 
ced. And  fince  I appeal  to  the  teflimony  of  nature,  I fhall  fet  dowrn  fome 
obfervations  of  what  lhe  does  without  afiiflance,  and  fome  experiments 
wherein  fhe  is  guided  by  art..  The  obfervations  will  be  the  more  fuitable 
to  our  defign,  for  being  common  and  familiar  ; and  the  experiments,  for 
being  few  in  number,  and  pregnant  in  phenomena. 

1 . The  firft  obfervation  fhall  be  fetched  from  what  happens  in  an  egg, 
which  undergoes  very  great  changes,  when  it  is  by  incubation  turned  into 
a chick.  A prolific  egg  contains  two  liquors,  each  of  them  apparently  fi- 
milar  : for  tho*  the  white  and  the  yolk  feem  to  be  difiimilar,  by  the  diffe- 
rent fubflances  they  afford  in  diflillation  ; yet  it  would  be  hard  to  prove, 
that  one  part  of  the  white,  for  inftance,.  will  not  be  made  to  yield  the  fame 
different  fubflances  by  diflillation,  with  any  other  part  of  the  fame:  and 
bones  themfelves,  with  other  hard  parts  of  a human  body,  which  are  con- 
fefiedly  fimilar,  will,  by  diflillation,  afford  fait,  phlegm,  fpirit,  oil,  and 
earth,  as  well  as  the  white  of  an  egg.  Now,  by  bare  concuffion,  this  white 
may  be  reduced  from  a tenacious,  to  a fluid  body  : and  the  rudiments  of 
the  chick,  lodg’d  in  the  cicatricula,  are  nourifhed  only  by  the  white  for 
fome  time ; the  yolk  being,  by  providence,  referved  as  a more  folid  aliment, 
when  the  creature  is  grown  flrong  enough  to  digefl  it ; fo  that  we  may  fee  the 
chick  furnifhed  with  head,  wings,  legs,  beak,  claws,  &c.  whilfl  the  yolk 
appears  untouched.  But  whether  this  obfervation  about  the  entirenefs  of  the 
yolk,  be  precifely  true,  it  is  not  very  material ; fince  the  yolk  itfelf,  being, 
likewife,  a fimilar  fluid,  is  fuflicient  for  the  prefent  purpofe.  Now,  the  nu- 
tritive liquor  of  an  egg,  being  brooded  on  by  the  hen,  will,  within  two  or 
three  weeks,  be  tranfmuted  into  a chick,  furnifhed  with  organical  parts, 
as  eyes,  ears,  wings,  legs,  &c.  of  a very  differing  fabric;  and  with  a great 
number  of  fimilar  ones,  as  bones,  cartilages,  ligaments,  tendons,,  mem- 
branes, &c.  which  differ  much  in*  texture  from  one  another ; befides  the 
liquors,  as  blood,  chyle,  gall,  £sfr#  contained  in  the  folid  parts e In  a word. 
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Physics,  we  have  here  produced,  out  of  fuch  an  uniform  matter,  as  the  white  of  an 
egg,  firft,  many  new  kinds  of  qualities,  as  colours,  odours,  taftes,  heat, 
hardnefs,  fmoothnefs,  roughnefs,  &c.  fecondiy,  qualities  ufually  diftin- 
guifhed  from  fenfible  ones,  as  fluidity,  confiftence,  flexibility,  fpringinefs, 
&c.  and,  thirdly,  occult  properties,  fince,  as  phyficians  obferve,  fome 
birds  afford  fpecifk  medicines  in  the  falling- flcknefs,  hyfleric  fits,  and  other 
diftempers. 

If  it  be  here  alledged,  that  the  chick,  with  all  its  parts,  is  not  an  engine 
mechanically  contriv’d,  but  fafhion’d  out  of  matter  by  the  foul  of  the  bird, 
lodged  chiefly  in  the  cicatricula,  which  by  its  plaflic  power  fafhions  the 
obfequious  matter,  and  becomes  the  architect  of  its  own  manfion  *,  I an- 
fwer,  that  this  invalidates  not  what  I intend  to  prove  from  it:  for,  let  the 
plaflic  principle  be  what  it  will,  yet  being  a phyfical  agent,  it  muff  ad 
after  a phyfical  manner  •,  and  having  no  other  matter  to  work  upon,  but 
the  white  of  an  egg,  it  can,  confeqiiently,  only  divide  the  matter  into  mi- 
nute parts  of  feveral  fizes  and  fhapes,  and,  by  local  motion,  varioufly  con- 
tex  them,  according  to  the  exigency  of  the  animal  to  be  produced  ; tho’ 
from  fo  many  various  textures  of  the  produced  parts,  there  mull  naturally 
refult  various  differences  of  colours,  taftes,  confidences,  and  many  other 
qualities.  We  are  here  to  confider,  not  what  is  the  agent,  or  efficient,  in 
thefe  productions-,  but  what  is  done  to  the  matter  that  affords  them.  And 
tho’  fome  birds,  by  an  inbred  fkill,  very  artificially  build  their  nefts  na- 
ture only  enables  them  to  feled  the  materials  thereof,  and,  by  local  mo- 
tion, to  divide,  tranfport,  and  conned  them  after  a certain  manner.  And, 
when  man  himfelf,  who  is,  undoubtedly,  an  intelligent  agent,  is  to  raife  a 
building,  or  form  an  engine,  he  may,  indeed,  by  the  help  of  reafon  and 
art,  fkilfully  contrive  his  materials  ; ftill,  all  he  can  do,  is  but  to  move, 
divide,  tranfpofe,  and  fet  together  the  feveral  parts,  into  which  he  is  able 
to  reduce  the  matter  affigned  him.  Nor  need  we  imagine,  that  the  foul  of 
that  hen,  which  having  firft  produced  the  egg,  after  a while  fits  on  it,  hath 
any  peculiar  efficiency  in  hatching  of  a chick  ; for  the  egg  might  be  a s well 
hatch’d  by  another  hen,  tho’  that  which  laid  it  were  dead  : nay,  in  fome 
places,  efpecially  in  JEgypt^  there  needs  no  bird  at  all  to  produce  a chick 
out  of  an  egg,  where  multitudes  of  eggs  are  hatch’d  by  the  regulated  heat 
of  ovens  and  dunghills. 

2.  Water  being  efteemed  an  elementary  body,  and  far  more  homogeneous 
than  any  other  fluid  •,  it  will  make  very  much  for  our  purpofe,  to  fhew,  that 
by  a different  texture  of  its  parts,  it  may  be  brought  to  conftitute  bodies  of 
very  different  qualities.  And  this  it  does  by  nourifhing  vegetables : for 
thus  all,  or  the  greateft  part,  of  that  which  would  accrue  to  a vegetable  fo 
nourifhed,  appears  to  have  been  materially  water  with  what  foreign  qua- 
lity foever  it  may  afterwards,  when  tranfmuted,  be  endowed.  Helmont  men- 
tions an  experiment  of  this  nature,  made  with  a willow,  fet  in  a pot  of  earth, 
which  for  feveral  years  he  fed  with  rain-water.  And  we  may  conjecture  at 
the  eafy  tranfmutablenefs  of  water,  by  what  happens  in  gardens  and  or- 
chards, 
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chards,  where  the  fame  fhowers  of  rain,  after  a long  drought,  caufe  a great 
number  of  differing  plants  to  flourifh.  But  thefe  things  do  not  fully  reach 
our  cafe,  becaule  it  may  be  objefled,  that  rain-water  caufes  not  thefe  plants 
to  thrive  and  flourifh,  by  immediately  affording  them  the  aliment  they 
aflimilate  into  their  own  fubftance  •,  but  by  proving  a vehicle  to  the  faline 
fubftances  of  the  earth,  itfelf  being  infenfibly,  afterwards,  exhaled  in  va- 
pour. And,  indeed,  experience  fhews  us,  that  feveral  plants,  which 
thrive  not  well  without  rain-water,  are  not  yet  nourifhed  by  it  alone;  fince 
when  corn  and  fruit-trees  have  confumed  the  faline  and  fulphureous  juices  of 
the  earth,  they  will  not  profper  there,  how  much  rain  foever  falls  upon  the 
land,  till  by  dung  or  otherwife,  it  be  again  fupplied  with  proper  juices. 
Wherefore  I attempted  to  make  plants  grow  in  vials  fill’d  with  nothing  but 
water;  and  found,  that  vinca  pervincay  raphanus  aquaticus,  fpear-mint,  and 
even  ranunculus , grew  and  profper’d  very  well  therein  ; yet  fome  of  thefe 
were  only  flips  without  roots.  Several  were  left  in  the  water  all  the  au- 
tumn, and  a great  part  of  the  winter  ; and  at  the  end  of  January , were 
taken  out  green,  and  with  fair  roots,  which  they  had  fhot  in  the  water  : 
particularly  a branch  of  raphanus  aquaticus , was  kept  full  nine  months;  and 
during  that  time  withered  not,  tho’  it  pafs’d  the  whole  winter  ; and  was 
taken  out  with  many  fibrous  roots,  fome  green  buds,  and  an  increafe  of 
weight.  A flump  of  ranunculus  profpered  in  the  water  fo,  that,  in  a 
month’s  time,  it  attained  to  more  than  double  the  weight  it  had  when  firfl 
put  in.  And  another  piece  of  ranunculus  being  taken  out  fix  months  after 
it  was  put  in,  weighed  almoft  a dram  and  an  half,  which  was  above  thrice 
as  much  as  it  did  at  firfl : and  this  circumflance  demonflrates  a real  affimila- 
tion  and  tranfmutation  of  water  into  the  fubftance  of  the  vegetable.  Hence  I 
infer,  that  the  fame  corpufcles,  which,  convening  together  after  one  manner, 
compofe  that  fluid,  inodorous,  colourlefs,  and  infipid  body,  water,  being  ran- 
ged after  a different  manner,  may  conflitute  different  concretes,  poffefs’d  of 
firmnefs,  opacity,  odours,  tafles,  colours,  and  feveral  other  manifeft  qua- 
lities ; and  thefe  too  very  different  from  one  another.  Befides,  thefe  diftintft 
portions  of  tranfmuted  water  may  have  many  other  qualities,  without  ex- 
cepting thofe,  which  are  called  fpecific  or  occult;  witnefs  the  feveral  medi- 
cinal virtues  attributed  to  fpear-mint,  to  vinca  pervinca,  marjoram,  and 
raphanus  aquaticus.  If  it  be  here  pretended,  that  the  folid  fubftance  ac- 
cruing to  a plant  in  water,  proceeds  not  from  the  water  itfelf,  but  from  the 
nitrous,  fat,  and  earthy  fubftances,  which  may  be  prefumed  to  abound, 
even  in  common  water;  I reply,  that,  tho’  as  to  feveral  plants,  which 
flourifh  after  rain,  I am  apt  to  think,  they  may  in  part  be  nourifhed,  as 
well  by  the  faline  and  earthy  fubftances,  to  which  the  rain  ufually  proves  a 
vehicle,  as  by  the  rain  itfelf;  yet  as  to  plants  which  grow  in  glaffes  filled 
with  pure  water,  this  fhould  not  be  barely  afferted,  but  proved*;  which, 


* Dr.  Woodward,  has  made  feveral  curious 
experiments,  to  fhew,  that  mere  elementary 
water  will  not  fufiice  for  the  vegetation  of 
plants ; but  that  a terreltrial  matter  contain’d 

VOL.  I. 


in,  and,  by  repeated  filtration,  diftillation,  &c. 
not  wholly  feparable  from  its  vehicle,  water,  is 
abfolutely  neceffary  thereto.  See  Philo/.  Tranf. 
N°.  253.  p.  193—207. 
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perhaps,  is  not  eafy  to  be  done,  confidering  how  vaft  a quantity  of  fair 
water  muff  be  exhaled  away,  to  obtain  even  an  ounce  of  dry  refidence* 
whether  faline  or  earthy. 

3.  That  a plant  growing  in  the  earth  doth  attraCt,  by  virtue  of  its  vege- 
tative foul,  the  juices  of  the  earth  within  its  reach,  and  feleCting  the  parts 
agreeable  to  its  nature,  refufe  the  reft,  is  the  general  opinion  ; and,  there- 
fore, many  are  not  furprized,  when  a tree  bears  fruit,  that  is  four  or  bitter, 
becaufe  they  prefume,  nature,  in  the  root  of  the  tree,  has  culled  out  fuch 
parts  of  the  alimental  juice  of  the  earth,  as,  convening  into  fruit,  are  fit 
to  give  it  fuch  a quality.  But  it  is  worth  obferving,  for  our  prefent  purpofe, 
what  happens,  both  in  ordinary  graftings,  and  efpecially  in  inoculation  : 
for  tho’  we  may  prefume,  that  the  root  of  a white-thorn,  may  eleCtively 
attrad  its  aliment  from  the  earth,  to  produce  the  fruit,  which  is  proper  to 
it  j yet  we  cannot  fuppofe,  that  it  fhould,  in  its  attradion  of  aliment,  have 
any  defign  of  providing  an  appropriate  nutriment  for  a pear  : but,  we 
know,  that  the  cions  of  a pear-tree  will  take  very  well  upon  a white-thorn- 
ftock,  and  yield  fruit,  very  different,  in  many  qualities,  from  that  of  the 
white-thorn.  And,  tho*  apples  and  pears  are  feldom  propagated  but  by 
grafting,  yet  they  may  be  fo  by  inoculation;  which  feems  to  be  but  a kind 
of  grafting  with  a bud.  Now,  in  the  inoculations,  made  upon  fruit-trees, 
it  is  obfervable,  that  a little  vegetable  bud,  often  not  fo  big  as  a pea,  is 
able  fo  to  tranfmute  all  the  fap  which  arrives  at  it ; that,  tho5  this  fap  be 
already  in  the  root,  and,  in  its  paffige  upwards,  determined  by  naturejs  in- 
tention, as  men  fpeak,  to  the  produdion  of  fruit,  natural  to  the  flock ; 
it  fhould  yet,  by  fo  fmall  a vegetable  fubftance,  be  fo  far  changed,  as  tocon- 
ftitute  a fruit  quite  otherwife  qualified,  than  the  genuine  produd  of  the 
tree  ; which,  at  the  fame  time,  is  adually  produced  by  thofe  other  portions 
of  the  like  fap,  that  happened  to  nourifh  fuch  prolific  buds,  as  are  the 
genuine  off-fpring  of  the  flock  : fo  that  the  fame  fap,  which,  in  one  part  of 
a branch,  conilitutes  a clufter  of  haws,  in  another  part  of  the  fame  branch* 
may  conftitute  a pear.  And,  what  is  farther  remarkable,  not  only  the  fruits, 
made  of  the  fame  fap,  often  differ  from  one  another,  in  fhape,  bignefs,, 
colour,  odour,  tafle,  and  other  obvious  qualities ; but  tho*  the  fip  itfeif, 
by  a waterifh,  and,  almoft,  infipid  liquor  *,  yet  it  is  not  only  convertible, 
by  buds  of  feveral  natures,  into  different  fruits,  but  in  one  and  the  fime 
fruit,  the  tranfmuted  fap,  fhall,  by  different  textures,  be  made  to  exhibit 
very  different,  and  fometimes  contrary  qualities.  As  when  a peach-bud 
not  only  changes  the  fap,  which  comes  to  it,  into  a fruit,  very  differing 
from  that,  which  the  flock  naturally  produces ; but  into  parts  very  different 
from  one  another  in  the  fame  fruit.  From  inoculations,  therefore,  we  learn, 
that  a liquor  feemingly  homogeneous,  may,  by  being  varioufty  ftrain’d,  be 
tranfmuted  into  bodies,  endowed  with  new  fcents,  colours,  taftes,  folidity, 
medicinal  virtues,  and  many  other  qualities,  manifeft  and  occult.  If  it  be 
laid,  that  thefe  qualities  are  the  productions  of  the  plaftic  power,  refidi ng 
.in  prolific  buds,  the  fame  anfwer  will  ferve,  as  to  the  like  objection  in  the. 
full  obfervation. 
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4.  The  lafc  obfervation  I fhall,  atprefent,  mention,  is,  of  rotten  cheefe  : Physics. 

for  if  we  take  notice  of  the  difference  betwixt  two  parts  of  the  fame  cheefe,  

whereof  the  one  continues  found,  by  preferring  its  texture,  whilft  the  other 
hath  fuffered  that  alteration  we  call  rottennefs  •,  we  may,  often,  fee  a ma- 
nifeft  change  in  the  feveral  portions  of  a body,  which  was  before  fimilar  ; 
for  the  rotten  part  will  differ  from  the  found  in  its  colour,  its  o^our,  its 
tafte,  and  feveral  other  qualities  : and  if,  with  a good  microfcope,  we  view 
the  mouldy  parts  of  fome  cheefes,  we  fhall  difcover  therein  fwarms  of  little 
animals,  furnifhed  with  variety  of  parts  of  different  fizes,  fhapes,  textures, 

&c.  and  perceive  a yet  greater  diverfity,  as  to  manifeft  qualities,  betwixt 
the  mouldy  part  of  the  cheefe,  and  the  untainted,  than  were  vifible  to  the 
naked  eye. 

SECT.  VII. 

WE  come  now  to  our  experiments  about  qualities.  Experiments- 

1.  Into  good  clear  oil  of  vitriol,  throw  a convenient  quantity  o^t0 Jhecw  the 
camphire,  grofly  beaten,  and,  after  a while,  it  will  run  into  a liquor  ; and,  Tiths* :alT~ 
by  Ihaking,  mix  with  the  oil  as,  alfo,  impart  thereto,  firft  a yellow,  then/*;/?,  camphire 
a red  colour,  and,  at  laff,  bring  it  to  be  opake  and  fcentlefs  : but,  if  into fuddenb  re~ 
this  liquor,  be  poured  a due  proportion  of  fair  water,  it  immediately  b z-'feem'd'tCfo** 
comes  pale,  and  the  camphire  emerges  in  its  own  nature  and  form,  whi KzJdejiroyd.  * 
combuftible,  and  odorous. 

The  phenomena  of  this  experiment  afford  us  feveral  particulars  to  our 
prefent  purpofe.  (i.)  We  here  fee  a light  confiftent  body,  brought,  by  com- 
minution, to  fwim  and  mix  with  a heavy  liquor,  on  which  it  floated  be- 
fore *,  but  as  gold  diffolv’d  in  Aqua  regia , is  thereby  kept  from  finking,  thele 
inftances,  compared  together,  fhew,  that  when  bodies  are  reduced  to  very 
minute  parts,  we  muff  as  well  confider  their  particular  texture,  as  the  re- 
ceived rules  of  hydroftatics,  in  determining  whether  they  will  fink,  or 
float.  (2.)  This  experiment  alfo  fliews,  that  feveral  colours,  and  even 
a very  deep  one,  may  fometimes  be  produced  by  a white  body,  and  a clear 
liquor  ; and  that  without  the  intervention  of  fire,  or  any  external  heat. 

(3.)  That  this  colour  may  be  deftroy’d,  and  the  whitenefs  reftored  by  the 
addition,  only,  of  fair  water  *,  which,  alfo,  receives  neither  the  colour  it 
deftroy’d,  nor  that  it  reftored.  For,  (4.)  the  opacity  of  the  folution  pre- 
fently  vanifhes,  and  that  menftruum,  with  the  water,  makes  up  (as  foon 
as  the  corpufcles  of  the  camphire  come  to  float)  one  tranfparent  liquor. 

( 5.)  It  is  alfo  worth  noting,  that  upon  the  mixture  of  a liquor,  which  renders 
the  whole  much  lighter,  a body  is  made  to  emerge,  that  did  not  fo  before. 

And  here  I cannot  but  obferve,  how  little  the  fchool-diftin&ion,  of  elements 
lofing  their  forms  in  mixed  bodies,  is  favoured  by  this  experiment  •,  wherein 
even  a mixed  body  (for  fuch  is  camphire)  doth,  in  a farther  mixture,  re- 
tain its  form  and  nature,  and  may  be  immediately  fo  divorced  from  the 
body,  to  which  it  was  united,  as  to  return,  in  a moment,  to  the  manifeft 
exercife  of  its  former  qualities.  (6.)  But  the  notableft  thing  in  the  experi- 
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Physics,  ment,  is,  that  odours  fhould  depend  fo  much  upon  texture  *,  that  one  of  the 
ftrongeft-fcented  drugs,  fhould  quite  lofe  its  fcent,  by  mixing  with  a body 
that  hath  none  of  its  own.  (7.)  Nor  is  it  lefs  confiderable,  that  fo  ftrong  a 
fcent  fhould  be  produced  in  a mixture,  wherein  none  could  be  perceived 
before,  by  fuch  a liquor  as  water  •,  which  is  quite  deftitute  of  any  odour. 
And  fo  eafy  a reftoration  of  the  camphire  to  its  native  fcent,  as  well  as 
other  qualities,  likewife  argues,  that  the  union  or  texture  of  the  two 
ingredients,  the  camphire  and  the  oil  of  vitriol,  was  but  very  flight  *,  upon 
which,  neverthelefs,  a great  alteration,  in  point  of  qualities,  enfues.  And 
to  confirm  that  feveral  of  the  preceeding  phenomena  depend  upon  the 
particular  texture  of  the  liquors  here  employ’d,  it  may  be  obferved,  that  if 
inftead  of  oil  of  vitriol,  fpirit  of  nitre  be  made  ufe  of ; not  a red  or  dark, 
but  a tranfparent  and  colourlefs  folution  will  enfue.  And  when  to  the 
above-mentioned  red  mixture,  I put,  inftead  of  fair  water,  about  two  or 
three  parts  of  duly  rectified  fpirit  of  wine,  there  would  follow  no  fuch 
changes ; but  the  fpirit  of  wine,  that  acquires  no  colour  by  difiolving  the 
concrete  apart,  yet  took  out  of  the  mixture  its  adventitious  colour,  which 
fubftfted  not  before  in  either  ingredient.  But  by  profecuting  the  experiment 
a little  farther,  we  made  it  afford  us  fome  new  phenomena.  For,  (8.)  having 
kept  the  mixture  in  a warm  place,  and  diftill’d  it  out  of  a glafs-retort,  the 
liquor  which  came  over,  had  a ftrong  fcent,  quite  different  both  from  that  of 
the  mixture  and  the  camphire  *,  the  remaining  mafs  being  coal-black,  and  fome 
of  its  parts  looking  like  polifhedjet : which  is  the  more  confiderable,  be- 
caufe  tho’  vegetable  fubftances  ufually  acquire  a blacknefs  from  the  fire  j yet* 
neither  liquors  that  have  already  been  diftill’d,  obtain  that  colour  upon  re- 
diftillation,  nor  have  we,  upon  trial,  found,  that  camphire  expofed  to  the 
fire  in  a retort,  fitted  with  a receiver,  would  at  all  acquire  a jetty  colour. 
(9.)  We  farther  learn  by  this  experiment,  that  notwithstanding  the  great 
volatility  of  camphire,  yet  here  it  is  fo  reftrained,  that  the  caput  mortuum , 
juft  mentioned,  endured  a ftrong  fire  in  the  retort,  before  it  was  reduced 
to  that  pitchy  fubftance : and,  afterwards,  bore  a much  ftronger,  for  above 
half  an  hour,  in  a covered  crucible,  without  yielding  any  fcent : fo  much 
do  the  fixity  and  volatility  of  bodies  depend  upon  texture. 

Clanges  made  2.  Among  many  experiments  made  with  fublimate,  to  manifeft,  that  new 
by  fublimate  qUapties  are  producible  in  bodies,  as  the  effedls  of  new  textures,  I fhall  here 

P^°n  '°^ct  only  produce  fuch  wherein  copper,  filver,  and  gold,  were  ufed.  And,  firfty 

we  took  half  a pound  of  copper-plates,  each  about  an  inch  broad,  and  of 
the  thicknefs  of  a grain  of  wheat,  and  of  any  length  ; then  calling  a pound 
of  grofiy-beaten  Venetian  fublimate  into  the  bottom  of  a deep  glafs-retort,  we 
placed  the  copper-plates  upon  it,  that  the  fumes  of  the  fublimate  might,  in 
their  afeent,  a£l  upon  the  metal  ; and  fixing  this  retort  deep  in  a land-fur- 
nace, and  adapting  to  it  a fmall  receiver,  we  gave  it  a gradual  fire  for  leven 

or  eight  hours,  and  at  length  increafed  the  heat.  The  fuccefs  was,  (1.) 
there  came  little  or  no  liquor  over,  but  the  neck  and  upper  part  of  the 
retort  were  candied  on  the  infide,  by  the  fublimate  adhering  to  them,  in 
quantity  above  ten  ounces  \ and  in  the  retort,  we  found  two  ounces  and 
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a quarter  of  running  mercury.  (2.)  Upon  increafing  the  fire,  the  melting  Ph  ysics. 
matter  made  a noife  in  the  retort,  not  unlike  that  of  a boiling  pot ; and  v— 
this  we  found  to  be  a more  conftant  circumftance,  than  the  revival  of  the 
mercury ; for  upon  another  trial,  with  the  former  proportions,  we  found 
but  a few  grains  of  it  either  in  the  retort  or  receiver.  (3.)  The  metalline 
lump  at  the  bottom  of  the  retort  increafed  in  weight  above  two  ounces  \ 
fome  of  the  copper-plates,  lying  at  the  bottom  of  the  mafs,  yet  retained 
their  figure,  and  malleablenefs  ; which  we  afcribed  to  their  not  having  been 
thin  enough,  to  be  fufficiently  wrought  upon  by  the  fublimate  : the  others, 
which  were  much  the  greater  number,  had  wholly  loft  their  metalline  form, 
and  were  melted  into  a very  brittle  lump,  which  I can  compare  to  nothing 
more  fitly  than  a lump  of  good  benjamin : for  this  mafs,  tho’  ponderous, 
was  no  lefs  brittle,  and  being  broken,  appeared  of  various  colours,  which 
feemed  to  be  almoft  tranfparent,  and  in  fome  places  it  was  red,  in  others  of 
a high  amber  colour,  and  in  others  again,  darkifh  and  mixed.  (4.)  But 
this  mafs  being  broken  into  fmaller  lumps,  and  laid  upon  a fheet  of  white 
paper  in  a window,  was,  by  the  next  morning,  covered  with  a lovely  greenifh 
blue,  almoft  like  that  of  the  belt  verdigreale  * and  the  longer  it  lay  in  the  air, 
the  more  of  the  internal  parts  of  the  fragments  palled  into  the  fame  colour  : 
but  the  white  paper,  which,  in  fome  places  they  ftained,  feemed  dyed  of  a 
green  colour,  inclining  to  yellow.  (5.)  In  fome  trials  we  obferved,  that 
little  copper-plates,  from  which  the  fublimate  had  been  drawn  off,  retain’d 
their  Ihape  and  metalline  nature,  but  were  whitened  over  like  filver,  and 
continued  fo  for  fieveral  months  •,  and  upon  breaking  them,  we  found  this 
filver  colour  had  penetrated  quite  through  them,  and  appear’d  more  beau- 
tiful in  the  very  body  of  the  metal,  than  on  its  furface.  (6.)  In  this  me- 
talline gum,  the  body  of  the  copper  appeared  fo  changed,  and  opened,  that 
when  caft  upon  a coal,  and  a little  blown,  it  would  partly  melt  and  flow 
like  rofin,  and  partly  flame  and  burn  like  fulphur ; and  fo  inflammable  was 
it,  that  held  to  a candle,  or  a piece  of  lighted  paper,  it  would,  almoft  in  a 
moment,  take  fire,  and  flame  like  common  fulphur  j only  it  feemed  to  incline 
more  to  a greenifh  colour. 

We  next  made  the  experiment  with  fublimate  and  filver  ; wherein  were  Upon  filler. 
taken  of  the  pureft  coined  filver,  ten  thin  plates,  on  which  we  caft  double 
the  weight  of  fublimate,  in  a fmall  and  ftrongly- coated  retort.  This  mat- 
ter being  fublimed  in  a naked  fire,  we  found  the  fublimate  almoft  totally 
afcended  to  the  top,  and  neck  of  the  retort  ; in  the  latter  of  which  ap- 
peared fome  revived  mercury  : at  the  bottom  of  the  retort,  was  found  a 
little  fluxed  lump  of  matter,  which  it  was  fcarcely  poflible  to  feparate  from 
the  glafs  *,  but  having,  with  much  ado,  divorced  them,  we  found  it  brittle, 
of  a pale  yellowifh  colour,  about  the  weight  of  the  metal  on  which  the  fub- 
limate had  been  caft  *,  and  in  the  thicker  part  of  this  lump,  there  appeared, 
when  broken,  fome  part  of  the  filver  plates,  which,  tho’  brittle,  feemed  not 
to  have  been  perfectly  difiolved.  This  rofin  of  filver,  did,  like  that  of  the 
copper,  but  more  (lowly,  imbibe  the  moifture  of  the  air  ; and  within  about 
twenty  four  hours,  was  covered  with  a greenifh  duft : fome  fmall  fragments 
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Physics,  of  this  rofin  being  caft  upon  red-hot  coals,  wafted  themfelves  in  a flame, 
~ not  very  different-,  in  colour,  from  that  of  the  rofin  of  copper,  but  proved 
more  durable,  than  one  would  have  expected  from  fo  fmall  a quantity  of 
matter.  But  fufpefting  that  the  copper,  ufually  mixed  as' alloy  with  our 
coined  filver,  might  have  too  much  influence  here,  we  afterwards  try’d  it 
with  refined  filver,  which  but  little  altered  the  fuccefs.  And  it  is  re- 
markable, as  filver  is  a fixed  metal,  and  accounted  indeftrudtible,  that  it 
fhould,  by  fo  flight  an  operation,  and  with  fo  fmall  an  addition  of  other 
matter,  be  fo  ftrangely  difguifed,  and  have  its  qualities  fo  altered.  For, 
firft,  tho*  pure  filver  and  fublimate,  are  both  eminently  white,  yet  the  mafs 
we  are  fpeaking  of,  was  partly  of  a lemmon  or  amber  colour,  or  a deep  ame- 
thyftine,  and  partly  of  fo  dark  an  one,  that  it  appeared  black  •,  and  fome- 
ti.mes  in  a fragment,  which  feemed  to  be  one  continued  piece,  the  upper 
part  would  be  of  a light  yellow,  and  the  lower  very  obfeure,  and  almoft 
black.  Next,  whereas  filver  is  one  of  the  moft  opake  bodies  in  nature,  and 
fublimate  a white  one,  the  produced  mafs  was,  in  a great  part,  tranfparent, 
like  good  amber.  Thirdly,  the  texture  of  the  filver  was  exceedingly  altered  ; 
for  inftead  of  being  flexible,  it  appeared  like  horn,  and  more  apt  to  crack  and 
break,  than  bend.  Fourthly,  tho’  filver  will  long  endure  the  fire  before  it 
be  brought  to  fufion,  our  mixture  would  eafily  melt,  not  only  upon  quick- 
coals,  but  in  the  fiame  cf  a candle  *,  tho*  this  rofin,  or  gum  of  our  fixed 
metal,  did  not,  like  that  of  copper,  tinge  the  flame  of  a candle,  or  produce, 
when  laid  on  glowing  coals,  either  a green  or  bluifh  colour. 

Axd upon  gold.  But  farther  to  dilcover  how  much  thefe  operations  of  the  fublimate  on 
copper  and  filver  depend  upon  the  particular  texture  of  the  bodies,  I took 
two  parcels  of  gold,  the  one  common,  in  thin  plates,  and  the  other  very 
well  refined ; and  having  caft  each  of  thefe  into  a diftindl  urinal,  upon  no 
left  than  thrice  its  weight  of  grofly-beaten  fublimate,  I caufed  the  fublimate 
to  be,  in  a fand-furnace,  elevated  from  the  gold  ; but  found  not,  that  either 
of  the  two  parcels  of  that  metal  was  manifeftly  altered  thereby  : whether  in 
cafe,  the  gold  had  been  reduced  to  very  minute  particles,  fome  kind  of 
change  might  have  been  made  in  it,  I will  not  fay  *,  but  am  confident,  that 
thefe  operations  depend  very  much  upon  the  particular  texture  of  the 
body,  from  whence  the  fublimate  is  elevated.  Such  experiments  may 
probably  be  farther  improved,  by  employing  various  and  new  kinds  of  fub- 
Jimate.  And  to  fhew  that  feveral  other  things  may  be  fublimed  up  together, 
either  with  crude  mercury,  or  with  common  fublimate,  this  inftance  may 
be  added.  Having  caufed  about  equal  parts  of  common  fublimate,  and  fal-ar- 
moniao  to  be  well  powdered,  and  incorporated  ; by  fubliming  tne  mixture  in 
ftrong  and  large  urinals,  placed  in  a fand-furnace,  we  obtained  a new  kind 
of  fublimate,  differing  from  the  former  : for  dropping  a little  refolved  fait 
of  tartar  upon  the  folution  of  common  fublimate,  it  immediately  turns  of 
an  orange-tawny  colour  ; but  dropping  the  fame  liquor  upon  the  folution  of 
the  armoniac  fublimate,  it  prefently  changed  into  a liquor  refembling  milk. 
And  having,  from  four  ounces  of  copper-plates,  drawn  fix  ounces  of  this 
new  fublimate,  after  the  aforefaid  manner,  we  had  in  the  bottom  of  the  re- 
tort 
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tort  a cupreous  rofin,  not  much  unlike  that  made  by  copper  and  common  Physics. 
fublimate  •,  and  this  rofin,  did,  like  the  other,  begin,  in  the  moift  air,  foon 
to  degenerate  into  a kind  of  verdigreafe  : but  it  was  fingular  in  this  opera- 
tion, that  not  only  fome  of  the  fublimate  had  carried  up,  to  a confiderable 
height,  enough  of  the  copper  to  be  manifeftly  coloured  by  it,  of  a fine  bluilh 
green  ; but  into  the  receiver  there  waspaffed  near  an  ounce  of  liquor,  which 
fmelt  almoft  like  fpirit  of  fal-armoniac,  and  was  tinged  like  the  fulimate  : 
yet  I judged  not  this  way  the  moft  effectual  for  improving  common  fubli- 
mate •,  being  apt  to  think,  that  it  may,  by  convenient  liquors,  be  fo  far  ad- 
vanced, as  to  be  made  capable  of  opening  the  body  of  gold  itfelf,  and  pro- 
duce it  in  fuch  changes,  as  chy mills  often  in  vain  attempt. 

3.  Another  experiment  to  fhew  how  the  like  qualities  in  bodies  may  be  The procefs  of 
produced  by  different  ways,  provided  a like  change  of  texture  be  made  by the  Lunacor- 
them,  we  have  from  the  procefs  of  the  Luna  cornea  ; in  which  we  take  refi-  nea‘ 
ned  filver,  beaten  into  thin  plates,  and  difiolving  it  in  about  twice  its  weight 
of  good  Aqua  fortis,  filtrate  the  liquor  carefully  to  obtain  a clear  folution  : 
into  this  we  drop  good  fpirit  of  fait,  till  it  will  no  more  curdle  ; then  put- 
ting the  whole  mixture  in  a glafs-funnel,  lined  with  cap-paper,  and  letting 
the  moifture  drain  through,  we  dry,  with  a gentle  heat,  the  fubftance  that 
remains  in  the  filtre  ; firft  walking  it  from  the  loofiy-adhering  falts,  by  let- 
ting fair  water  run  through  it  feveral  times,  whilft  it  yet  continues  in  the 
filtre.  This  fubftance,  being  well  dried,  we  put  into  a glafs  vial,  which 
we  fet  upon  quick-coals,  firft  covered  with  aihes,  and  then  freed  from  them, 
and  melt  the  contained  fubftance  into  a mafs,  which  kept  for  a while  in 
fulion,  gives  us  the  Luna  cornea.  If  we  firft  reduce  the  filver  into  cryftals, 
and  afterwards  proceed  with  fpirit  of  fait,  in  the  manner  dcfcribed,.  we 
have  the  exceedingly  opake,  malleable,  and  hardly  fufible  body  of  filver, 
by  the  convenient  interpofition  of  fome  faline  particles,  not  amounting  to  the 
third  part  of  the  weight:  of  the  metal,  reduced  into  cryftals,  which  both 
fhoot  in  a peculiar  and  determinate  figure,  differing  from  thofe  of  other  me- 
tals, and  are,  alfo,  tranfparent  and  brittle,  and  much  more  eafily  fufible„ 
than  filver  itfelf ; not  to  mention  other  qualities. 

Here  we  obferve,  (i.)  That  tho’  fpirit  of  fait  be  an  highly  acid  liquor;, 
and  tho*  acid  liquors  and  alkalies  have  quite  contrary  operations,  the  one 
precipitating,  what  the  other  would  difiolve,  and  diffolving  what  the  other 
would  precipitate  ; yet,  in  this  cafe,  as  neither  oil  of  tartar  per  deliquium , 
nor  fpirit  of  fait  will  diffolve  filver  ; fo,  both  the  one  and  the  other,  preci- 
pitate it  r which  may  pafs  for  a proof,  that  the  precipitation  of  bodies  de- 
pends not  upon  acid  or  alkali,  but  upon  the  texture  of  the  bodies,  which  hap- 
pen to  be  mixed.  (2.)  We  here  find,  that  whitenefs  and  opacity  may  be 
immediately  produced  by  liquors,  both  of  them  tranfparent  and  colourlefs., 

(3.)  That  a white  powder  may,  by  a gentle  heat,  be  reduced  into  a mafs, 
indifferently  tranfparent,  and  of  a fair  yellow.  (4.)  That  tho’  filver  requires 
fo  ftrong  a fire  to  melt  it,  and  may  be  long  kept  red-hot,  without  beincr 
brought  to  fufion  ; yet,  by  the  afiociation  of  fome  faline  particles,  conve^ 
niently  mixed  therewith,  it  may  be  made  fo  fufible,  as  to  be  quickly  melted,, 

either 


25  6 Forms  and  Qualities. 

Physics,  either  in  a thin  vial,  or  at  the  flame  of  a candle,  where  it  will  flow  almoft 
like  wax.  (5.)  It  may,  alfo,  be  noted,  that  tho’  the  folutionof  filver,  and  the 
fpirit  of  fait,  would,  either  of  them  a-part,  have  readily  diflolved  in  water  ; 
yet,  when  they  are  mixed,  they,  for  the  moft  part,  coagulate  together  into  a 
iubftance,  which  will  lie  undifiolved  in  water  * and  is  fcarce  fbiuble  either  in 
Aqua  fortis^  or  fpirit  of  fait.  (6.)  It  is  remarkable,  that  the  body  of  filver  be- 
ing very  flexible,  and  malleable,  it  fhould  yet,  by  the  addition  of  fo  fmall  a 
proportion  of  fait,  be  made  of  a texture  fo  different  from  that  of  either  of  its 
ingredients  ; being  wholly  unlike,  either  a fait  or  a metal,  and  very  like  in 
texture  to  a piece  of  horn.  And  to  fatisfy  myfelfhow  much  the  toughnefs 
of  this  metalline  horn  depended  upon  the  texture  of  the  compofition,  refult- 
ing  from  the  refpedlive  textures  of  the  feveral  ingredients,  I precipitated  a 
folution  of  filver  with  the  diftili’d  faline  liquor,  commonly  called  oil  of  vi- 
triol, inftead  of  fpirit  of  fait  •,  and  having  wafhed  the  precipitate  with  com- 
mon water,  I found,  that  by  being  fluxed  in  a moderate  heat,  it  afforded  a 
mafs,  in  appearance,  like  the  concrete  we  are  fpeaking  of ; but  wanting 
its  toughnefs,  being  brittle  enough  to  be  eafily  broken.  (7.)  And  tho’  a fo- 
lution of  filver  is  the  very  bittereif  of  liquors,  and  the  fpirit  of  fait  far  fourer 
than  the  fharpeft  vinegar  *,  yet  thefe  two  liquors  are  foon  eafily  reduced  into 
an  infipid  fubftance  ; notwithflanding  the  falts,  which  made  both  the  filver, 
and  the  precipitating  fpirit  fo  ftrongly  tailed,  remain  aflociated  with  the  me- 
tal. And,  laftly,  it  is  very  ftrange,  that  tho’  the  laline  corpufcles,  which 
give  the  efficacy  both  to  Aqua  fortis , and  to  fpirit  of  fait,  are  not  only  fo  vo- 
latile, that  they  will  eafily  be  diftilled  with  a moderate  fire,  but  fo  fugitive, 
that  they  will  in  part  fly  away  of  themfelves  in  the  cold  air  ; yet,  by  virtue 
of  the  new  texture  they  acquire,  in  aflociating  themfelves  with  the  corpufcles 
of  the  filver,  they  obtain  a fufficient  degree  of  fixednefs  to  endure  melting 
with  the  metal.  Nor  in  melting  this  mafs  in  a thin  vial,  could  I perceive 
any  fenfible  evaporation  of  the  matter  : nay,  having  afterwards  put  a par- 
cel of  it  upon  a quick  coal,  it  fuffered  fufion,  and  ran  olf,  without  appear- 
ing to  be  other  than  Luna  cornea , as  it  was  before. 

TJnufualpheno-  4*  I fhall  next  produce  the  phenomena  arifing  in  the  procefs  of  a fait, 
menaofa  new  which,  contrary  to  my  cuftom,  I mull  conceal.  And,  firft,  tho’ the  feveral 
and furprixwg  ingredients  of  this  fait  were  purely  faline,  and  more  fo  than  brine,  or  fourer 
a f than  the  ftrongeft  vinegar;  yet  the  compound  is  fo  far  from  being  eminently 

fait,  four,  or  infipid,  that  it  is  rather  fweet,  than  of  any  other  tafte ; tho* 
its  fweetnefs  be  of  a peculiar  kind : and  this  is  the  only  inflance,  I remem- 
ber hitherto  to  have  met  with  of  falts,  which  compofe  a fubftance  really 
fv/eet.  Farther,  tho’  its  odour  be  not  ftrongor  offenfive,  yet  if  it  be  urged 
with  heat  enough  to  evaporate  it  haftily,  it  emits  a flench,  more  infupport- 
able  than  that  of  Aquafortis  ; yet,  when  thefe  fumes  fettle  again  into  a fait, 
their  odour  will  again  prove  mild,  and  inoffenfive,  if  not  pleafant.  Thirdly, 
tho’  all  the  known  volatile,  acid,  and  lixiviate  fairs,  may  be  deflroy’d  by  one 
another  ; as  fpirit  of  urine  mixed  with  fpirit  of  fait,  or  Aqua  fortis , will  make 
great  ebullition,  and  lofe  its  peculiar  tafte,  and  feveral  of  its  other  qualities  ; 
and  as  fait  of  tartar,  and  other  alkalies,  will  be  deftroy’d,  with  ebul- 
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lition,  by  Aqua  forth , fpirit  of  fait,  or  almofl  any  other  ftrong  fpirit  of  that  Physics. 

family  ; and  tho’  fpirit  of  fait,  and  Aqua  forth  will  be  deftroy’d,  both  by  v -J 

animal  volatile  falts,  and  by  the  fixed  falts  of  vegetables  : yet  our  fait  feems 
above  being  thus  wrought  upon  by  any  of  the  three  ; and  is  the  only  body  I 
know,  which  would  not  fret,  either  with  oil  of  tartar  per  deliquium. , fpirit 
of  fal-armoniac,  ftrong  fpirit  of  fait,  or  oil  of  vitriol.  But  this  is  not  the 
only  way  I try’d  it  •,  for  I found,  that  it  would  not  turn  fyrup  of  violets 
either  red,  as  acid  fpirits  do,  or  green,  as  both  fixed  and  volatile  falts  will  *, 
nor  would  the  ftrongeft  folution  of  it  change  a clear  one  of  fublimate  in 
common  water,  either  white,  as  fpirit  of  urine,  fal-armoniac,  or  others  of 
the  fame  family  *,  or  into  an  orange  tawney,  like  fait  of  tartar,  and  other  al- 
kalies ; but  left  it  tranfparent.  In  conjun&ion,  however,  with  fpirit  of 
filt,  it  would  turn  fyrup  of  violets,  red  \ and,  with  oil  of  tartar,  green  : 
which  feemed  to  argue,  that  tho*  our  folution,  as  to  fenfe,  was  exquifitely 
united  in  the  feveral  mixtures,  it  left  them  their  refpedtive  natures  un- 
deftroy’d,  and  retain’d  its  own  : and  yet  this  fait  is  fo  fir  from  being 
languid,  that  Aqua  fort  is , and  oil  of  vitriol  themfelves,  are,  in  many  cafes, 
unable  to  make  folutions,  and  perform  other  things  like  it,  as  a menftruum. 

Laftly,  tho’  this  fait  be  volatile  of  itfelf,  yet  diffolved  in  liquors,  it 
will  even  boil,  without  fubliming,  before  the  liquor  be  almoft  totally 
drawn  off ; whereas,  the  volatile  fait  of  urine,  blood,  harts-horn,  &c. 
afeend,  before  almoft  any  part  of  the  liquor  they  are  diffolved  in.  And 
tho*  this  be  volatile,  yet  I remember  not,  that  any  fixed  fait  will  run 
near  fo  foon  'per  deliquium  ; but  by  abftradtion  of  the  adventitious  moifture, 
it  is  eafily  reftored  to  its  faline  form ; neverthelefs,  it  differs  from  fait 
of  tartar,  not  only  in  fixednefs,  tafte,  and  other  qualities ; but,  alfo,  in 
this,  that  whereas  fait  of  tartar  requires  a vehement  fire  to  flux  it,  a more 
gentle  heat,  than  one  would  eafily  imagine,  will  melt  our  fait  into  a limpid 
liquor.  And,  whereas  fpirit  of  wine  will  diffolve  fome  bodies,  and  water 
many,  which  fpirit  of  wine  cannot,  and  oils  will  diffolve  fome,  for  which 
neither  of  the  other  liquors  are  fit  *,  our  fait  readily  diffolves  both  in  fair 
water,  in  the  higheft  rectified  fpirit  of  wine,  and  in  chymical  oils  themfelves. 

5.  Our  next  experiment  will  fnew  what  great  changes  may  be  effected  by  A tranfmuta- 
the  recefs  of  fome  particles,  the  accefs  of  others,  and  the  new  texture  of  the  tlon  ™r°ugbt 
refidue,  even  in  inanimate,  and  fcarce  corruptible  bodies.  Take  one  “JiTs fuppofed~ 
part  of  good  fea-falt,  well  dried  and  powdered,  and  put  to  it  double  its  almoft  tnde- 
weight  of  good  Aqua  fort  is , or  fpirit  of  nitre  ; then  having  kept  it  for  fom  eftru&ible. 
time  in  digeftion,  diftil  it  with  a flow  fire  in  a retort,  till  the  remaining 
matter  be  quite  dry,  and  no  more  ; for  the  fubftance,  that  will  remain  in 
the  bottom  of  the  glafs,  is  the  thing  fought  for. 

As  to  the  changes  hereby  effedted,  we  may  firft  take  notice,  that  the 
liquor,  which  came  over,  was  no  longer  an  Aqua  fortis  or  fpirit  of  nitre,  but 
an  Aqua  regis.  2.  The  tafte  of  the  remaining  lubftance  comes,  by  this  opera- 
tion, to  be  very  much  altered  j for  it  retains  not  that  ftrong  faltnefs  it  had 
before,  but  is  far  milder.  3.  Whereas  common  fait  is  a body  of  very  dfficult 
fufion,  our  fadfitious  fait  imitates  falt-petre  in  being  very  fufible,  and  will, 
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Physics,  like  that,  foon  melt,  by  being  held  in  the  flame  of  a candle.  4.  But  a more 
' confiderable  phenomenon  is,  that,  tho*  fea-falt  very  much  refills  the  fire  ; 
and  tho’  the  acid  fpirits  of  fait,  vitriol,  nitre,  vinegar,  &c.  are  no^only  un- 
inflammable themfelves,  but  hinderersof  inflammation  in  other  bodies;  yet 
fmall  lumps  of  this  fubllance,  call  upon  quick  coals,  burnt  away  with  a 
large  and  vehement  flame  : and,  upon  farther  trial,  having  melted  a confide- 
rable quantity  of  this  tranfmuted  fea-falt  in  a crucible;  by  calling  upon  it 
little  fragments  of  well-kindled  charcoal,  it  would,  like  nitre,  prefently 
blaze  bright.  Nor  were  all  its  inflammable  parts  confumed  atone  deflagra- 
tion ; for  by  calling  in  more  fragments  of  well-kindled  coal,  the  matter 
would  puff,  and  flame  afrefh,  for  feveral  times,  according  to  the  quantity 
which  had  been  put  into  the  crucible.  5.  This  fuggelled  a hint  of  turning 
an  acid  fait  into  an  alkali,  which  feems  to  be  one  of  the  greatell  changes, 
that  can  be  attempted,  by  reafon  of  the  vail  difference  there  is  between  theun 
in  abundance  of  refpe&s.  Accordingly,  having  call  in  feveral  bits  of 
well -kindled  coal,  and  excited  in  the  melted  mafs  of  our  tranfmuted  fait, 
as  many  deflagrations  as  I could  ; and  then  giving  it  a llrong  fire,  to  drive 
away  the  relt  of  the  more  fugitive  parts,  I found  it  to  talle,  not  like  fea- 
falt,  but  fiery  upon  the  tongue,  and  to  have  a lixiviate  relifh.  I found  too, 
that  it  would  turn  fyrup  of  violets  greenilh ; that  it  would  precipitate  a 
limpid  folution  of  fublimate,  made  in  fair  water,  into  an  orage-tawny  pow- 
der ; that  it  would,  like  other  fixed  falts,  produce  an  ebullition  with  acid 
fpirits,  and  even  with  lpirit  of  fait  itfelf,  and  con-coagulate  with  them.  I, 
indeed,  conflder’d  at  firft,  that  this  new  alkali  might  proceed  from  the  alhes 
of  the  inje&ed  coals : but  when  I reflected  too,  that  a pound  of  charcoal, 
burnt  to  alhes,  yield  fo  very  little  fait,  that  the  injeCted  fragments  of  coal,  quite 
burnt  out  in  this  operation,  would  fcarce  have  afforded  two  or  three  grains 
of  fait ; I concluded,  that  fo  confiderable  a proportion  of  alhes,  in  the 
whole  mafs,  could  not  exhibit  all  the  phenomena  of  an  alkali.  And,  for 
farther  confirmation,  I poured  upon  a quantity  of  this  lixiviate  fait,  a due 
proportion  of  Aqua  for tis , till  the  hilling  and  ebullition  ceafed;  and  then 
leaving  the  fluid  mixture  to  coagulate,  which  it  did  very  flowly,  I found  it, 
at  length,  to  Ihoot  into  faline  cryllals,  which  tho’  not  of  the  figure  of  nitre, 
yet,  by  their  inflammability  and  magnitude,  fufliciently  argued,  that  there 
had  been  a conjunction  made  betwixt  the  nitrous  fpirit,  and  a confiderable 
proportion  of  alkali.  I conflder’d,  alfo,  it  might  be  faid,  that  in  our  ex- 
periment, the  nitrous  corpufcles  of  the  Aqua  forth , lodging  themfelves  in 
the  little  fpaces  deferted  by  the  faline  corpufcles  of  the  fea-falt,  thit  palled 
over  into  the  receiver,  had  afforded  this  alkali ; as  common  fak-petre, 
being  treated  in  fuch  a manner,  would  leave  in  the  crucible  a fixed  or 
alkalizate  fait : but,  as  the  fea-falt,  which  was  not  driven  over  in  fo  mild  a 
dilrillation,  and  feemed  a much  greater  part  than  that  which  had  paffed 
over,  was  far  from  being  of  an  alkalizate  nature;  fothe  nitrous  corpufcles, 
prefumed  to  have  llaid  behind,  were,  whilll  they  compofed  the  fpirit  of 
nitre,  of  an  highly  volatile,  and  acid  nature,  and,  confequently,  direClly 
oppofite  to  that  of  alkalies ; and  if,  by  the  addition  of  any  other  fubllance, 
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no  more  an  alkali  than  fea-falt,  an  alkali  could  be  obtained  out  of  fpirit  of  Physics. 
nitre  or  Aqua  fortis , the  produciblenefs  of  an  alkali  out  of  bodies  of  another 
nature,  might  be  rightly  thence  inferred  ; fo  that  two  fu b fiances,  formerly 
acid,  are  here  turned  into  one,  manifeflly  of  an  alkalizate  nature.  But,  farther, 
to  profecute  the  experiment,  by  inverting  it,  we  drew  two  parts  of  flrong 
fpirit  of  fait  from  one  of  purified  nitre  *,  but  did  not  obferve  the  remaining 
body  to  be  any  thing  near  fo  confiderably  changed  as  the  fea-falt,  from 
which  we  had  drawn  the  fpirit  of  nitre  *,  fince,  tho’  the  fpirit  of  fait,  which 
came  over,  brought  fo  many  of  the  corpufcles  of  the  nitre  with  it,  that 
being  heated,  it  would  readily  diffolve  leaf-gold  •,  yet  the  file  ^that  re- 
mained in  the  retort,  being  put  upon  quick  coals,  flafh’d  away  with  a ve 
hement,  and  flatulent  flame,  very  like  that  of  common  nitre. 

6.  In  attemping  to  make  and  improve  the  Sal  mirabile  of  Glauber , I drew  Phenomena  m 
off  from  a folution  of  nitre,  and  oil  of  vitriol,  a good  Spiritus  nitri ; which, 
even  before  rectification,  would  diffolve  filver,  tho*  it  were  diluted  with  asmirabile. 
much  common  water,  wherein  filt-petre  had  been  diffolved,  as  amounted, 
at  leafl,  to  double  or  treble  the  weight  of  the  nitrous  parts : the  remaining 
matter  being  kept  in  the  fire,  till  it  was  dry,  afforded  a fait  eafily  reducible, 
by  folution  in  fair  water,  and  coagulation,  into  cryflalline  grains,  of  a na- 
ture very  different  both  from  crude  and  fixed  nitre,  and  from  oil  of  vitriol. 

Befides,  thefe  cryftals  would  not  flow  in  the  air,  like  fixed  nitre,  and  were 
eafily  fufible  by  heat  •,  whitfl  fixed  nitre  ufually  requires  a vehement  fire  to 
fule  it : and  tho’  crude  falt-petre,  alfo,  melts  eafily  •,  yet,  to  fee  how  diffe- 
rent a fubflance  this  of  ours  was  from  that,  we  caff  quick  coals  into  the  cru- 
cible, without  being  at  all  able  to  kindle  it.  And  when,  for  farther  trial, 
we  threw  in  fome  fulphur,  alfo,  tho’  that  flam’d  away  itfelf,  yet  it  did  not 
feem  to  kindle  the  fait,  which  was  hot  enough  for  that  purpofe  •,  much  lefs 
did  it  flafh,  as  fulphur  ufually  makes  falt-petre  do.  To  all  which  we  may 
add,  that  a parcel  of  this  white  fubflance,  being,  without  brimflone,  made  to 
flow  for  a while  in  a crucible,  with  a piece  of  charcoal,  for  it  to  work  upon, 
it  became  flrongly  feented  of  fulphur,  and  acquired  an  alkalizate  tafle  ; fo 
that  it  feemed  almofl  a coal  of  fire  upon  the  tongue,  when  licked,  before  it 
imbibed  any  of  the  air’s  moiflure  •,  and  obtained,  alfo,  a very  red  colour : 
which  re-called  to  my  mind,  that  Glauber  mentions  fuch  a change  obferva- 
ble  in  his  fait  made  of  common  fait  i upon  which  account,  he  calls  fuch  a 
fubflance  his  Carbunculus. 

Here  we  may,  firfl,  take  notice  of  the  power  of  mixture,  in  altering  the 
nature  and  qualities  of  the  compounding  bodies.  For,  in  this  cafe,  tho* 
fea-falt  requires  a naked  fire  to  elevate  it  •,  yet  the  faline  corpufcles  are 
diflill’d  over  in  a moderate  heat  of  fand  *,  whilll  the  oil  of  vitriol,  by  whofe 
intervention,  they  acquire  this  volatility,  tho*  it  be  not  a grofs  corporeal 
fait,  but  a liquor,  which  hath  been  already  diflill’d,  is,  by  the  fame 
operation,  fo  fixed,  as  to  flay  behind.  Nor  is  the  oil  of  vitriol,  only,  thus 
far  fixed,  but  otherwife,  alfo,  no  lefs  changed  : for,  when  the  remaining  fait 
has  been  expofed  to  a competent  heat,  that  it  may  be  very  dry  and  white, 
you  lhall  obtain  a fubflance,  not  at  all  tailing  of  fea-falt,  or  having  the  pun- 
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Physics,  gency  or  acidity  of  oil  of  vitriol.  A fecond  particular,  here  remarkable, 

' confirms  what  I formerly  intimated,  that,  notwithftanding  the  regular  and 
exquifite  figures  of  fome  falts,  they  may,  by  the  addition  of  other  bodies, 
be  brought  to  conftitute  cryftals  of  very  differing,  yet  curious  fhapes.  For 
if  you  diffolve  this  Caput  mortuum  of  fea-fealt,  in  a fufficient  quantity  of  fair 
water,  and  having  filtrated  the  folution,  luffer  the  diffolved  body  leifurely 
to  coagulate  *,  you  will  obtain  cryftals  of  a far  greater  tranfparency,  than  the 
cubes  into  which  fea-falt  fhoots,  and  of  a fhape  far  differing  from  theirs,  tho’, 
often,  no  lefs  curious  than  that  of  thofe  cubes  : and,  what  is  very  remarkable, 

I have  often  obferved,  thofe  finely-figured  cryftals  to  differ  as  much  in  fhape 
from  one  another,  as  from  the  grains  of  common  fait.  And,  indeed,  I muft 
own,  that,  whether  we  impute  it  to  the  peculiar  nature  of  fea-falt,  or  to  the 
great  difparities  to  be  met  with  in  liquors,  that  pafs  for  oil  of  vitriol,  my 
attempts  to  make  the  beft  fort  of  Sal  mirabile , have  been  fubjedl  to  fo  much 
uncertainty,  that  I reckon  this  experiment  amongft  fuch  as  are  contingent. 
<The  tranfmu-  7.  The  following  experiment,  fuppofes  metals,  as  well  as  other  bodies, 
t ability  of  me-  to  be  ma(je  Gf  one  univerfal  matter,  common  to  them  all  ; and  to  differ  but 
1 experimental-  Ihape,  fize,  motion  or  reft,  and  texture  of  the  fmall  parts  they  con- 

ly,  by  convert-  fift  of ; whence  the  qualities,  which  diverfify  particular  bodies,  refult ; and, 
ing  gold  into  confequently,  there  is  no  impoffibility  in  the  nature  of  the  thing,  that  one 
fiiver.  kind  of  metal  fhould  be  tranfmuted  into  another. 

Having  firft  fuppofed  this,  I farther  confidered,  that  a certain  men- 
ftruum,  which,  according  to  the  dodtrine  of  vulgar  chymifts,  is  a worthlefs 
liquor,  muft,  according  to  my  apprehenfion,  have  an  extraordinary  virtue 
with  regard  to  gold  *,  I mean,  not  only  to  diffolve,  and,  otherwife,  alter  it, 
but  to  injure  the  very  texture  of  that  metal.  To  this  purpofe,  I made  a 
menftruum  to  diffolve  gold,  by  pouring  on  the  rectified  oil  of  butter  of 
antimony,  as  much  ftrong  fpirit  of  nitre,  as  would  ferve  to  precipitate  out  of 
it  all  the  Bezoarticum  miner  ale  \ and  then  with  a fmart  fire,  diff filling  off  all 
the  liquor,  which  would  come  over,  and  cohobating  it  upon  the  antimonial 
powder : for  tho’  feveral.  chymifts  throw  this  liquor  away,  upon  prefump- 
tion,  that  the  ingredients  have,  in  the  ebullition  deftroy’d  each  other  ; yet 
experience  hath  made  me  prize  it,  and  give  it  the  name  of  Menftruum  per  a-* 
cutum.  Having  provided  a fufficient  flock  of  this  liquor,  we  took  a quantity 
of  the  beft  gold,  and  melted  it  with  three  or  four  times  its  weight  of  cop- 
per ; this  mixture  we  put  into  good  Aqua  fortis,  or  fpirit  of  nitre,  that,  all 
the  copper  being  diffolved,  the  gold  might  be  left  pure,  and  finely  powdered, 
at  the  bottom.  After  the  metal  had,  in  this  beft  manner,  been  moft 
highly  refined,  and  brought  to  its  ufual  luftre  by  heat,  we  put  to  it  a 
large  proportion  of  the  Menftruum  per acutum,  wherein  it  diffolves  fiov/ly 
and  quietly  *,  and  there  remained  at  the  bottom  of  the  glafs,  a con- 
fiderable  quantity  of  white  powder,  that  the  menftruum  would  not  touch, 
and  which  we  found,  alfo,  as  indiffoluble  in  Aqua  regia.  The  folution  of 
gold  being  abftra&ed,  and  the  gold  again  reduced  into  a body,  yielded* 
upon  a fecond  folution,  more  of  the  white  powder,  but  not  fo  much  as  at 
the  firft.  Now  having  fome  little  quantity  of  this  powder,  it  was  eafy,  with 
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borax,  or  fome  other  convenient  flux,  to  melt  it  down  into  a metal,  which  Physics. 
metal  we  aund  to  be  white  like  filver,  and  yielding  to  the  hammer:  and 
fome  of  it  being  diflolved  in  Aqua  fortis , or  fpirit  of  nitre,  confirm’d  us,  by 
the  odious  bitternefs  it  produced,  in  our  expedition  to  find  it  true  filver.  I 
was  farther  confirm’d  herein,  firft,  by  finding,  that  with  fome  other  menftrua, 
and  even  with  good  Aqua  regis  itfelf,  I could  obtain,  from  the  very  beft 
gold,  diflolved  in  them,  fome  little  quantity  of  fuch  a white  powder  •,  but  in 
fo  very  fmall  a proportion  to  the  diflolved  gold,  that  I never  had  enough 
of  it,  at  once,  to  make  me  think  it  worth  profecuting  fuch  trials.  Secondly, 
by  the  experience  of  a judicious  perfon,  who  had,  by  diflolving  gold  in  a 
certain  kind  of  Aqua  regis , and,  after,  by  bringing  it  into  a body,  redif- 
folving  it,  and  repeating  this  operation  very  often,  reduced  a very  great 
part  of  an  ounce  of  gold  into  fuch  a white  powder.  And  a third  confir- 
mation, I had  from  fome  trials  purpofely  made,  wherein  this  Menftruum 
peracutum  had  greater  effects  upon  gold,  than  by  moft  men,  and  even  critics 
in  chymiftry,  have  been  thought  feafible.  Hence,  there  appears  no  greater 
caufe  to  doubt,  that  the  abovementioned  filver  was  really  obtained  out  of 
the  pure  gold,  than  this,  that  men  have  hitherto  fo  often  in  vain  attempted 
to  make  a real  tranfmutation  of  metals,  and  to  deftroy  the  moft  fixed  and 
compadt  body  of  gold  ; the  one  of  which  is  looked  upon  as  an  impradti- 
cable  thing,  and  the  other  as  an  indeftrudlible  metal. 

If,  therefore,  we  have  not  impofed  upon  ourfelves,  this  experiment,  which 
yet  we  once  repeated,  may  afford  fome  reflexions  of  moment.  And,  firft,  it 
feems  from  hence  probable,  that  however  irrationally  the  chymifts  talk  of  a- 
tfinttura  auri  and  Anima  auriffex.  fome  fuch  thing  may, with  due  reftridtion,  be 
admitted  ; for  fome  of  the  more  noble  corpufcles,  which  qualify  gold  to  look 
yellow, to  refill  Aquafortis^  and  to  exhibit  thofe  other  curious  phenomena, which 
difcriminate  it  from  filver,  may,  either  have  their  texture  deftroy’d  by  a very 
piercing  menftruum ; or,  by  a greater  congruity  with  its  corpufcles,  than  with 
thofe  of  the  remaining  part  of  the  gold,  may  ftick  clofer  to  the  former  ■,  and, 
by  their  means,  be  extricated,  and  drawn  away  from  the  latter.  Thus,  when 
the  corpufcles  of  fulphur  and  mercury,  by  a ftridl  coalition,  affociate  them- 
felves  into  the  body  we  call  vermilion  ; tho’  thefe  will  rife  together  in  fub- 
liming  veffels,  and  adt,  in  many  cafes,  as  one  phyfical  body  •,  yet,  when  ex- 
quifitely  mixed  with  a due  proportion  of  fait  of  tartar,  the  parts  of  the  al- 
kali affociate  themfelves  more  ftridlly  with  thofe  of  the  fulphur,  than  thefe 
were  before  affociated  with  thofe  of  the  mercury  •,  whence  there  will  be 
obtained  out  of  a cinnabar,  intenfely  red,  a real  mercury,  in  appearance, 
like  to  fluid  filver.  So  that,  as  our  menftruum  may,  probably,  have  a par- 
ticular operation  upon  fome  tinging  parts  of  the  gold,  it  is  not  impoflible, 
the  yellownefs  of  that  metal  fhould  proceed,  not  from  any  particular  cor- 
pufcles of  that  colour,  but  from  the  texture  •,  as  in  the  cinnabar,  which  was 
highly  red,  thoJ  the  mercury  it  confifted  of,  was  filver-coloured,  and  the 
fulphur  but  a pale  yellow  : and,  conlequently,  the  whitenefs,  and  other 
changes,  produced  in  the  new  metal  we  obtained,  may  be  attributed,  not 
to  the  extraction  of  any  tinging  particles,  but  to  a change  of  texture, 
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whereon  depended  the  colour,  as  well  as  other  properties  of  the  gold.  And 
this  fuggeftion  is  {imported,  by  what  hath  been,  often,  allured  me,  that  a 
perfon  in  the  Netherlands , grew  rich,  by  extradFng  a blue  tindbure  out  of 
copper,  with  a peculiar  clear  menftruum,  of  a weak  tafte,  after  it  had  been 
firft  dififolved  in  common  Aqua  fortis  *,  fo  as  to  leave  the  body  white,  and  re- 
ducible by  fufion  into  a metal  of  the  fame  colour  : which  I the  lefs  wonder  at, 
becaufe  Agricola , mentions  the  making  of  a white  and  malleable  copper, 
in  large  quantities,  upon  his  own  knowledge  ; and  I have  myfelf,  with 
pleafure,  made  the  experiment.  Secondly,  tho*  gold  is,  generally,  fup- 
pofed  too  fixed  and  permanent  a body,  to  be  changeable  by  art  yet 
it  is  not  abfolutely  indeftrudtible  thereby  : fince,  being  acknowledged  an 
homogeneous  metal,  a part  of  it  was,  by  our  experiment,  really  changed 
into  a body,  which  was  either  true  filver,  or,  at  lead:,  a new  kind  of  me- 
tal, very  different  from  gold.  And,  fince  it  is  generally  confeffed,  that 
no  body  has  its  form  more  ftridUy  united  to  its  matter,  than  gold  •,  and  fince 
this  white  powder  was  produced  out  of  it,  only  by  a corrofive  liquor, 
without  violence  of  fire  *,  it  feems  highly  probable,  that  there  is  not  any  body, 
of  fo  conftant  and  durable  a nature,  but  that  its  texture,  and,  confequently, 
its  nature  may  be  really  deftroy’d  by  fome  powerful  agent,  in  due  manner 
applied  to  it.  And,  laftly,it  feems  deducible,from  the  whole,  that  there  may  be 
a real  tranfmutation  of  one  metal  into  another,  made  by  factitious  agents,  in  a 
fhort  time,  and  after  a mechanical  manner.  I fpeak  not  here  of  projection, 
whereby  one  part  of  an  aurific  powder,  is  faid  to  turn  many  hundred  or 
thoufand  parts  of  an  ignobler  metal  into  filver  or  gold  ; becaufe,  tho*  pro- 
jection includes  tranfmutation,  yet  tranfmutation  is  not  the  fame  with  pro- 
jection, but  far  eafier.  It  fuffices  that  we  are  here  taught,  that  amongft  in- 
animate bodies,  the  moft  noble  and  conftant  fort  of  forms,  are  but  peculiar 
contrivances  of  the  matter,  and  may,  by  locally  moving  the  parts,  and 
changing  their  fizes,  fnape,  or  texture,  be  generated  and  deftroy’d  •,  fince 
we  fee,  that  in  the  fame  parcel  of  metalline  matter,  which  a little  before 
was  true  and  pure  gold-,  by  having  fome  few  of  its  parts  withdrawn,  and 
the  reft  tranfpofed,  or  otherwife  altered  in  ftrudture,  or  by  both,  the  form 
of  gold,  or  that  peculiar  modification  which  made  it  yellow,  indiifoluble 
in  Aqua  fort  is , &c.  is  abolifhed  *,  whilft,  from  the  new  texture  of  the  lame 
matter,  there  arifes  that  new  form,  or  convention  of  accidents,  from  which 
we  call  a metal  filver.  And  fince  ours  was  not  only  difloluble  in  Aqua  fortis , 
but  manifefted  that  excefiively  bitter  tafte,  which  is  peculiar  to  filver  *,  there 
is  no  neceftity  for  a diftindt  agent,  or  a particular  adf  ion  of  a fubftantial  form, 
to  produce,  in  a natural  body,  the  moft  peculiar  and  diferiminating  pro- 
perties. For  it  was  the  fame  menftruum,  devoid  of  bitternefs,  that  by  de- 
ftroying  the  texture  of  gold,  changed  it  into  another,  upon  whofe  account 
it  acquired,  at  once,  whitenefs  of  colour,  diflblublenefs  in  Aqua  fortis , an 
aptnefs  to  compofe  a bitter  body  with  it,  and  many  other  new  qualities. 
It  may,  indeed,  be  readily  objected,  that  it  is  no  very  thrifty  tranfmutation, 
to  degrade  gold  to  the  condition  of  filver  : but  a tranfmutation  is  never  the 
lefs  real,  for  not  being  gainful  \ and  it  is  no  fmall  matter  to  remove  the 
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bounds,  which  nature  Teems  very  induftrioufly  to  have  fet  to  the  alterations  Ph  ysi  cs. 
of  bodies;  efpecially  amongft  thofe  durable,  and,  almoft,  immortal  kinds, 
in  whofe  conflancy  to  their  firft  forms,  fhe  appears  to  have  affedted  to  fhew 
herfelf  invincible  by  art. 

But  farther  to  demonftrate  the  efficacy  of  our  Menflruum  peracutum , we  Gold  render'd 
took  the  fineft  gold  that  could  be  procured,  and  having  either  granulated,  volatile. 
or  brought  it  into  plates,  diffolved  it  in  a moderate  heat,  with  a fufficient 
quantity  of  the  menflruum  ; and  having  carefully  decanted  the  folution  into 
a retort,  we  very  gently,  in  a fand  furnace,  diftill’d  off  the  liquor : and 
if  we  had  a mind  to  elevate  more  gold,  we  either  poured  back  upon  the 
remaining  fubffance  the  fame  menflruum,  or  diffolved  it  again  with  frefh. 

The  liquor  being  abflradled,  we  urged  the  remaining  matter  by  degrees  of 
fire  ; and  in  no  ftronger  an  one,  than  may  eafily  be  given  in  a fand- 
furnace,  a confiderable  quantity  of  the  gold  would  be  elevated  to  the  upper 
part  of  the  retort  ; and  either  fall  down,  in  a golden-coloured  liquor,  in- 
to the  receiver,  or  fallen  itfelf  to  the  top  and  neck,  in  the  form  of  a yellow 
and  reddifh  fublimate : and  fometimes  we  had  the  neck  of  the  retort  en- 
riched with  numerous  large  thin  red  cryflals,  very  like  rubies,  and  glorious 
to  behold,  which  would  run  in  the  air  per  deliquium . Nor  can  1 fee  any 
caufe  to  doubt,  that,  by  the  re-affufions  of  frefh  menflruum  upon  the  dry 
calx  of  gold,  which  remains  behind,  the  whole  body  of  the  metal  may  be 
eafily  made  to  paf's  through  the  retort ; tho’  I forbore  to  profecute  the  ex- 
periment fo  far. 

It  may  here  be  neceffary  to  give  a caution,  that  tho’  chymifls  think  it  a 
fufficient  proof  of  a true  tindlure,  that  the  colour  of  the  concrete  will  not  be 
feparated  in  dill  illation,  but  the  extradled  liquor  pafs  over  tinged  into  the  re- 
ceiver ; yet  this  fuppofition  may,  in  lome  cafes,  deceive  them.  And,  far- 
ther, whereas  the  particles  of  folid  and  confillent  bodies,  are  not,  always, 
unfit  to  help  to  compofe  fluids,  I fhall  venture  to  add,  that  even  a liquor, 
made  by  dift illation,  may,  in  part,  confifl  of  corpufcles  of  the  mofl  compact 
and  ponderous  bodies  in  the  world.  To  manifefl  this,  as  well  as,  that  fome 
bodies  are  of  fo  durable  a texture,  that  their  minute  parts  will  retain  their 
own  nature,  notwithflanding  variety  of  difguizes,  which  may  impofe  even 
upon  chymifls  themfelves ; I dropped  into  the  yellow  liquor,  aflorded  me 
by  the  elevated  gold,  a quantity  of  clean  running  mercury,  which  was  im- 
mediately tinged  with  a gold-coiour’d  film  ; and  fhaking  it  about,  till  the 
menfa  uum  would  gild  no  more,  I decanted  the  clarified  liquor  ; and  mixing 
the  remaining  amalgam  of  gold  and  mercury  with  feveral  times  its  weight  ol 
borax,  I by  fufion  eafily  recover’d  the  fcatter’d  particles  of  the  metal  into  one 
little  mafs  of  yellow  gold.  And  whenfoever  mention  is  made  of  a volatile 
gold,  as  it  is  laid  to  be  in  fome  minerals,  it  may  be  admitted  with  this  ex- 
planation, that  in  our  experiment,  after  abflradlion  of  the  menflruum,  the 
remaining  body  being  true  gold,  and,  confequently,  in  it  own  nature  fixed  ; 
yet  it  is  fo  flridtly  affociated  with  fome  volatile  faline  particles,  that  thefe 
being  preffed  by  the  fire,  carry  up  along  with  them  the  corpufcles  of  the 
gold,  which  may  be  reduced  into  a mafs  by  the  admixture  of  borax,  or  fome 
4 other 
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Ph  ys ics,  .other  body,  fitted  to  divorce  the  corpufcles  of  the  metal  from  thofe  that 

would  elevate  them,  and  to  unite  them  into  grains,  too  big  and  ponderous 

to  be  fublimed  : thus,  in  fome  mineral  bodies,  there  may  be  numberlefs 
corpufcles  of  gold,  fo  minute,  and  fo  blended  with  the  unfixed  particles, 
that  they  will  be  carried  up  together  with  them  by  that  vehement  heat 
ufually  employ’d  to  bring  ores,  and  metalline  maffes,  to  fufion.  Yet  it  is 
not  impoflible,  that  thefe  corpufcles  of  gold,  which,  in  ordinary  fufions,  fly 
away,  may  be  retained,  and  recovered  by  fome  fuch  proper  addition,  as 
may  either  work  upon,  and  mortify  the  other  parts  of  the  mafs,  without 
doing  fo  to  the  gold  •,  or  by  afl'ociating  with  the  volatile,  and  ignobler 
minerals,  prevent  their  carrying  away  the  gold  with  them,  as  they  other- 
wile  might  ; or,  by  its  fixednefs,  and  fimilitude  of  nature,  make  the 
difperfed  gold  embody  with  it.  Thus,  I remember,  that  fome  good  gold, 
having,  for  a certain  trial,  been  cupel’d  with  a great  deal  of  lead,  inftead 
of  being  advanced  in  colour,  as  in  goodnefs,  was  grown  manifeftly  paler 
than  before  ; whence  I conjectured,  that  fo  great  a proportion  of  lead, 
might  contain  feveral  particles  of  volatile  filver  ; which,  meeting  with  the 
fixed  body  of  the  gold,  by  incorporating  therewith,  might  be  detained  : 
and  I was  confirmed  herein,  by  finding,  upon  enquiry,  that  the  gold,  in- 
ftead of  lofing  its  weight,  had  confiderably  increafed  it. 

Fajles  'varied  8.  We  took  an  ounce  of  refined  filver,  and,  having  diflolv’d  it  in  Aqua 
^alterationthi ' for^s*  fuffered  it  to  fhoot  into  cryftals  ; which,  being  dried,  we  found  to 
bodies.1  5 lU  exceed  the  weight  of  the  filver,  by  feveral  drams,  gain’d  by  the  con-coagu- 
lation of  the  acid  falts,  that  had  difiolved,  and  were  united  to  the  metal. 
Thefe  cryftals  we  put  into  a retort,  and  diftill’d  them  in  land,  with,  almoft, 
as  great  a heat  as  we  could  give  in  an  iron-furnace  : but  there  came  over 
only  a very  little  fourifli  phlegm,  of  an  ill  fcent  *,  wherefore,  the  fame  retort 
being  fuffered  to  cool,  and  being  then  coated,  it  was  removed  to  another 
furnace,  capable  of  giving  a far  greater  degree  of  heat  ; and,  in  this,  the 
diftillation  was  purfued  v/ith  feveral  degrees  of  fire,  till  the  retort  became 
red-hot,  and  long  continued  fo : but  tho’,  even  by  this  operation,  there  was 
very  little  driven  over  ; yet  it  fufficiently  manifefted,  that  a body  ex- 
tremely bitter,  might  afford  numerous  parts  not  at  all  bitter,  but  emi- 
nently four.  For  our  receiver  being  taken  off,  even  when  cold,  the  contain- 
ed fpirit  fmoked  like  rectified  Aqua  forth  ; and  not  only  fmelt  and  tailed 
like  it,  but  being  poured  upon  filings  of  crude  copper,  immediately  cor- 
roded them,  and,  in  a trice,  produced  a bluifh  colour,  like  what  that  metal 
gives  in  good  Aqua  forth.  Afterwards,  we  made  a folution  with  minium 
and  Aqua  for tis>  which  being  filtred,  and  evaporated,  left  a Saccharum  Sa - 
turnip  much  like  the  common,  made  with  fpirit  of  vinegar  : then  taking  this 
fweet  vitriol  of  lead,  we  endeavoured,  in  a fand-furnace,  to  drive  it  over  *, 
but  finding  that  degree  of  heat  inlufficient,  we  caufed  the  retort  to  be  coated, 
and  transferred  it  to  the  other  furnace  ; where,  being  urged  with  a naked 
fire,  it  afforded  fome  what  more  fpirit  than  the  filver  had  done.  This  fpirit 
fmoked  in  the  cold  receiver,  as  the  other  ; and,  like  it,  fmelt  of  Aquafortis , 
and  was  fo  far  from  retaining  any  of  the  fweetnefs  of  the  poncrete  which 

yielded 
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yielded  it,  that  it  was  oftertfively  acid  ; and  being  poured  upon  minium,  Ph  v si  rs 

work’d  upon  it  with  noiic  and  bubbles,  and  quickly  afforded  afweet  liquor,  s r — ' 

from  whence  might  have  been  obtained  a true  fugar  of  lead.  It  is  remark- 
able, that  the  concrete,  which  appeared  white  before  diftillation,  remained, 
for  the  moft  part,  behind  in  the  retort,  in  the  form  ot  a black  Caput  mor~ 
mum , which  was  neither  fweet  nor  four  at  all,  but  feemed  rather  infipid,  and 
was,  indeed,  but  a calx  of  e .d 

In  this  experiment,  it  may  be  obferved,  that  tho’  fiiver  be  a body  fo 
fixed  in  the  fire,  as  to  endure  the  cupel  itfeif  ; and,  tho’  in  the  dry’d  cry 
ftals  of  fiiver,  the  fait,  that  adheres  to  the  metal,  increafes  its  weight  but 
about  a third  or  fourth  part ; yet  this  lmall  proportion  of  faline  coi  - 
pufcles  was  able  to  carry  up  fo  much  of  that  fixed  body,  that  the  infide  of 
the  retort  was,  to  a great  height,  cover’d  over  with  the  metalline  corpufcles. 

But  the  phenomenon  which  I chiefly  take  notice  of,  is,  that  not  only  Aqua 
fortis , being  con- coagulated  with  different  bodies,  may  produce  very  diffe- 
rent concretes  ; but  the  fame  numerical  faline  corpufcles,  which,  being  aft 
fociated  with  thofe  of  a metal,  had  already  produced  a body,  eminent  in  one 
tafte,  may,  afterwards,  being  freed  from  that  body,  compofe  a liquor,  re- 
markable for  a very  different  tafte  ; and  after  that  too,  being  combined  with 
the  particles  of  another  metal,  with  them,  conftitute  a body  of  a very  emi- 
nent tafte,  diretftly  oppofite  to  both  the  other  •,  and  yet  thefe  laline  corpuf- 
cles, if  inftead  of  this  fecond  metal,  they  fhould  be  a ffoc  i a ted  with  fuch  an 
one,  as  that  they  are  driven  from,  would  therewith  again  exhibit  the  flrft 
tafte.  To  prove  all  this,  wre  took  cryftals  of  refined  fiiver  made  with  Aqua 
fGrtis , and  tho’  thefe  cryftals  are  exceflive  bitter  *,  yet  having,  by  a naked 
fire,  extorted  from  them  what  fpirit  we  could,  and  found  it  extremely  acid, 
we  put  one  part  of  it  upon  a few  filings  of  fiiver,  of  which  it  readily  made 
a folution  more  bitter  than  gall  ; and  the  other  part  of  the  diftill’d  liquor  we 
poured  upon  minium  i when,  tho’,  whilft  it  was  an  ingredient  of  the  cry- 
ftuls  of  fiiver,  committed  to  diftillation,  it  did,  with  that  metal,  compofe 
an  intolerably  bitter  fubftance  •,  yet  the  fame  particles,  being  loofened  from 
that  metal,  and  affociated  with  thole  of  the  lead,  with  them  conftituted  a 
folution,  which,  by  evaporation,  afforded  a Saccharum  Saturni,  fweet  as 
fugar.  For  farther  confirmation,  we  varied  the  experiment ; and  having, 
in  a naked  fire,  diftill’d  fome  dry’d  Saccharum  Saturni , made  with  Aqua 
fortis , the  little  liquor  which  came  over,  in  proportion  to  the  body  that 
afforded  it,  was  fo  ftrong  a fpirit  of  nitre,  that  for  feveral  hours  the  receiver 
was  filled  with  red  fumes  *,  and  tho’  the  fmoking  liquor  was  vaftly  fharp, 
yet  part  of  it  being  poured  upon  a piece  of  its  own  Caput  mortuum  (in  which 
we  perceived  no  tafte)  at  length  exhibited  fome  little  grains  of  a faccharine 
vitriol*,  but  the  other  part,  being  put  to  filings  of  fiiver,  immediately  fell 
upon  them,  with  noife  and  fmoke,  and  foon  after,  con-coagulated  with  part 
thereof,  into  a fait  exceffively  bitter. 

9.  Having  put  a con fiderable  quantity  of  diftill’d  rain-water  into  a clean  Water  trani 
glafs-body,  and  fitted  it  with  a head,  and  receiver,  I fuffer’d  it  to  ftand  in  muted  into 
adigeftive  furnace,  till,  by  the  gentle  heat  thereof,  the  water  was  to-earth' 
Vol.  I.  ' N n tally 
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tally  abftracted,  and  the  veffel  left  dry  *,  when  being  taken  out  of  the  fand, 
I found  the  bottom  of  the  glafs  wholly  covered  with  a whitilh  fubftance, 
which  being  fcraped  off  with  a knife,  appeared  to  be  a fine  earth,  without 
any  manifeft  tafte.  This  encouraged  me  to  diftil  the  rain-water  again  in 
the  fame  glafs-body,  in  the  bottom  whereof,  when  the  water  was  all  drawn  off,, 
lay  more  of  the  like  earth,  which  confirmed  my  conje&ure,  that  the  earthy 
powder  might  be  a tranfmutation  of  fome  parts  of  the  water  into  that  fub- 
ftance.  Herein,  alfo,  I was  farther  encouraged  by  aphyfician,  who  affured 
me,  that  he  had  frequently  found  fuch  a white  earth  in  rain-water,  after 
diftilling  the  fame  many  times  fucceffively  *,  adding,  he  found  no  caufe  to 
fufpedt,  that  if  he  had  continued  to  re-diftil  the  fame  portion  of  water,  it 
would  have  yielded  him  more  earth.  But  the  oddnefs  of  the  experiment 
(till  fteeping  me  in  fufpenfe,  a very  ingenious  perfon,  who  had  try’d  various 
experiments  upon  rain-water,  gave  me  fuch  an  account  of  his  proceedings, 
as  left  me  but  little  fcruple. about  this  tranfmutation:  for,  he  folemnly  af- 
firmed, on  experience,  that  rain-water,  even  after  diftillation  in  very  clean 
glaffes,  near  two  hundred  times,  afforded  him  this  white  earth,  and  that  more 
confpicuoufly  in  the  latter  diftillation,  than  in  the  former.  And  in  comparing 
this  powder  with  what  I made  myfelf,  I found  an  agreement  between  them. 
And,  (i.)  Being  placed  in  an  excellent  microfcope,  and  expofed  fo  that  the 
fun-beams  might  fall  thereon,  it  appeared  a white  meal,  or  an  heap  of  corpuf- 
cles  exceeding  fmall  *,  and  their  extreme  fmallnefs  was  more  fenfibly  difcerned 
by  adding  fome  grains  of  fand  thereto,  which  made  a mixture  that  looked  like 
that  of  pebble-ftones,and  the  fineft  flower.  For  our  earth,  even  in  the  micro- 
fcope, appeared  to  confift  of  as  fmall  particles,  as  the  fineft  hair  powder,  to  the 
naked  eye.  Nor  could  we  difcern  this  dull  to  be  tranfparent,  tho*  when  the 
fun  fhone  thereon,  it  appeared  to  have  fome  particles  a little  glittering.  (2.)  I 
found,  that  our  powder  being  caft  into  water,  would,  fora  time,  fomewhat  wh  iten 
it  •,  but  when  it  was  once  fettled  at  the  bottom,  it  continued  there  undiffolved, 
for  fome  days,  as  earth  would  have  done.  (3.)  Having  weighed  a quantity, 
and  put  it  into  a new  clean  crucible,  with  another  inverted  over  it,  I placed 
it  among  quick  coals,  and  there  kept  the  crucible  red-hot  for  fome  time, 
caufing  the  fire,  afterwards,  to  be  raifed  ; but  taking  out  the  powder,  I 
neither  found  it  melted,  clotted,  nor  much  wafted,  befides  what  ftuck  to 
the  fides  of  the  crucible,  and  to  a little  clay,  wherewith  I had  luted  on  the 
cover.  And  when  I,  afterwards,  kept  this  powder  in  an  open  crucible  amongft 
glowing  coals,  I could  not  perceive  it  at  all  to  fmoke  and  having  put  a little 
upon  a quick  coal,  it  remained  fixed,  which  fome  bodies  will  not,  that  yet 
endure  the  fire  in  a red-hot  crucible.  (4.)  I found  this  powder  to  be  much 
heavier  in  fpecie  than  water : for  employing  a nice  pair  of  fcales,  it  balanced 
fomewhat  more  than  twice  its  bulk  of  common  water.  I,  farther,  took 
fome  wood-allies,  which  I had  caufed  to  be  boiled  three  or  four  times  in  a 
plentiful  proportion  of  water,  to  free  them  from  fait ; and  having  put  them, 
very  dry,  into  common  water,  found  them  but  little  heavier  than  our  pow- 
der *,  furpaffmg  in  weight,  water  of  the  fame  bulk  but  twice,  and  a little 
more  than  a fixth  part.  We  may  add*  that  glafs,  which  is  a very  compadl 
k body* 
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body,  is  but  little,  if  at  all,  more  than  twice  and  a half  as  heavy  as  water  Ph  ysics. 
of  equal  bulk  *,  fo  that  the  gravity  of  this  powder,  being  added  to  its  fixed- 
nefs,  and  other  qualities,  juftly  entitles  it  to  the  diftindtion  of  earth.  My 
learned  friend,  before-mentioned,  hath  procured  of  it  near  three  quarters  of 
an  ounce  from  one  ounce  of  water. 

Thefe  fevcral  relations,  in  a very  fingular  manner  fupport  the  corpufcular 
principles.  For,  if  the  elements  themfelves  are  tranfmutable,  and  thofc 
fimple  and  primitive  bodies, which  nature  is  prefumed  to  have  intended  liable 
and  permanent  ingredients  of  the  bodies  fhe  compounds,  may  by  art  be  de- 
ftroy’d,  and  re-produced  ; why  may  not  the  changes,  which  happen  in  other 
bodies,  proceed  from  the  local  motion  of  the  minute  or  infenfible  parts  of 
matter,  and  the  changes  of  texture  confequent  thereto  ? Some  atomifts 
would  here  be  determining,  by  what  particular  ways  this  ftrange  tranfmu- 
tation  of  water  into  earth  may  be  performed ; and,  particularly,  tell  how 
the  continual,  but  fiowly  agitated  parts  of  water,  by  their  innumerable  oc- 
curfions,  may,  by  degrees,  rub  themfelves  into  fuch  furfaces,  as  either  to 
(lick  very  clofe  to  one  another  by  immediate  contadl,  or  entangle  themfelves 
into  clufters  of  coherent  particles,  too  heavy  to  be  fupported  by  the  water. 

But  tho*  many  things  in  favour  of  fuch  conjectures,  may  hence  be  urged  •, 
yet  the  full  difquifition  of  fo  difficult  a fubjedl,  is  too  long  and  intricate  to 
be  proper  for  this  place.  And,  therefore,  we  will,  for  a while,  fuppofe  this 
tranfmutation  real  i and  confider,  whether  it  doth  not  much  diferedit  fome 
of  the  chief  dodtrines  of  the  chymifls,  and  a fundamental  one  of  Helmont. 

For  if  the  pureft  water  may  be  turned  into  earth,  it  will  be  eafy  to  make  it 
probable,  that  the  other  ingredients  of  mixed  bodies,  which  the  chymifls 
call  their  hypoflatical  principles,  are  capable  of  being  tranfmuted  into  one 
another.  Befides,  if  out  of  the  fimplefl  water,  a moderate  fire  can  produce 
a large  proportion  of  earth,  which  was  not  formerly  pre-exiflent  in  it  *,  how 
ihall  we  be  fure  in  all  the  analyfes,  which  the  fire  makes  of  mixed  bodies, 
the  fubflances  thereby  exhibited,  are  obtained  by  feparation  only,  without 
any  tranfmutation  ? Helmont , we  know,  makes  water  to  be  the  material 
principle  of  all  bodies.  But  as  his  grand  argument  is  grounded  on  his  alka- 
heft,  which,  as  he  affirms,  by  being  digefled  with,  and  diftilled  from  other 
tangible  bodies,  reduces  them  all,  at  lafl,  into  a liquor  no  way  different  from 
rain-water  *,  tho’  we  fhould  grant  the  fadt,  yet  the  experiment  of  our  pow- 
der will  warrant  us  to  queflion  the  conclufion.  For  if  all  mixed  bodies  be 
therefore,  materially  from  water,  becaufe  they  are,  by  the  operation  of  a 
fire  and  a menflruum,  after  having  paffed  through  feveral  previous  changes, 
reduced,  at  length,  into  infipid  water ; by  the  fame  way  of  arguing,  I might 
fay,  that  all  thofe  bodies  are  materially  but  difguized  earth,  fince  water 
itfelf  may  be  turned  into  earth. 

But  to  leave  thefe  reflexions,  I would  not  not  have  it  thought  ftrange,  that 
whilft  I infill  upon  the  many  particulars,  which  feem.  to  evince  the  change 
of  water  into  earth,  I ffiould  intimate  a diffidence  about  it.  For  I muft 
confefs,  that  having  unluckily  loft  a whole  paper  of  the  powder  I had  myfelf 
made  * and  having,  unexpedledly,  been  obliged  to  remove  from  my  furnaces, 

N n 2 before 


268  Forms  and  Qualities. 

Ph  y s i cs.  before  I had  gone  thro’  half  the  trials,  I judged  requifite  in  fo  nice  a cafe  ; 

I have  not  yet  laid  afide  all  my  fcruples.  For,  (i.)  I would  gladly  know* 
whether  the  untranfmuted  rain-water,  by  the  depofition  of  fo  much  ter- 
reftrial  matter,  were  grown  lighter  in  fpecie  than  before,  or  fharp  in  tafte  ; 
and  I would,  alfo,  be  fatisfied,  whether  infipid  liquors  may  not  work  as 
menftrua  upon  ftones,  or  earthy  bodies : not  to  queftion,  whether  the  par- 
ticles of  rain-water  may  not,  by  their  mutual  attrition,  or  fome  other  action 
upon  one  another,  be  reduced  into  fhapes  and  fizes  fit  to  compofe  fuch  a 
menftruum,  as  the  liquor  was  not  before  •,  as  in  feveral  plants,  which  feem 
to  be  nourifhed  only  with  water,  the  fap  is  endowed  with  a fharp  tafte, 
great  penetrancy  and  activity  of  parts.  (2.)  It  were  alfo  fit  to  know,  whe- 
ther the  glals-body,  wherein  all  the  diftillations  are  made,  lofes  of  its  weight,, 
any  thing  near  fo  much  as  the  obtained  powder  amounts  to,  over  and  above 
the  decreafe  of  weight,  which  may  be  imputed  to  the  action  of  the  heat  up- 
on the  fubftance  or  the  glafs,  in  cafe  it  appear  by  another  glafs,  kept  emp- 
ty in  an  equal  heat,  and  for  the  fame  time,  that  the  glafs  lofes  by  fucli 
operations  any  thing  confiderable.  And  it  were,  alfo,  not  impertinent  to 
try,  whether  the  gravity  of  the  obtained  powder  be  the  fame  in  fpecie  with 
that  of  the  glafs,  wherein  the  diftillations  were  made.  (3.)  I could  wiffi* 
likewife,  that  it  were  more  demonftrably  fhewn,  what  is,  on  all  hands, 
taken  for  granted,  that  diftill’d  rain-water  is  a perfectly  homogeneous  body  r 
for  if  it  be  not,  many  fufpicions  might  be  fuggefted  about  its  tranfmutation 
into  earth ; and  if  it  is,  it  will  be  very  difficult  to  conceive,  how  a 
perfectly  and  exquifitely  homogeneous  body  fhould,  without  any  addi- 
tion, or  any  feminal  or  plaftic  principle,  be  brought  to  afford  a large 
quantity  of  a matter  of  much  greater  fpecific  gravity  than  itfelf;  fince  we 
fee,  that  no  aggregate,  we  can  make,  of  bodies,  equiponderant  in  fpecje 
with  water,  by  virtue  of  their  convention,  grows  fpecifically  heavier  thin  it„ 
(4.)  Having  had  the  curiofity  to  try,  whether  corrofive  liquors  would  ope- 
rate upon  our  white  powder,  I found,  that  not  only  good  oil  of  vitriol 
would  corrode  it,  but  ftrong  and  dephlegmed  fpirit  of  fdt  readily  work’d 
upon  part  of  it ; and  that,  without  the  affiftance  of  heat,  tho’  not  without 
hiffing,  and  exciting  numerous  bubbles:  yet,  when  I fuffered  this  mixture 
to  fettle,  a very  great  proportion  of  the  powder  remained  in  the  lower  part 
of  the  liquor,  as  if  that  had  rather  fretted,  than  diffoived  it.  Nor  muft  I 
omit,  that  fometimes  I have  excited  fuch  an  ebullition,  by  pouring  the  fame 
liquors  upon  the  earthy  part  of  wood-allies,  feveral  times  waffied  in  boiling 
water:  to  which  might  be  added,  that  fometimes,  alfo,  I have  thought 
this  powder  gritty  between  my  teeth.  But  whether  it  be  truly  earth  or 
riot,  the  alteration  is  fo  great,  and  effe£ted  in  fo  fimple  a way,  that  it 
cannot  but  afford  us  a confiderable  inftance,  of  what  the  varied  tewure  of 
the  minute  parts  may  perform  in  a matter  confeffedly  fimilar.  And,  ii  fre- 
quently diftili’d  rain-water  fhould  not  be  allowed  homogeneous,  our  expe- 
riment will  excellently  fhew,  how  little  we  are  bound  to  believe  what  the 
chymifts,  and  others,  tell  us,  when  they  pretend,  manifeftly,  to  exhibit 
homogeneous  principles,  and  elementary  bodies  * -and  how  difficult  it  is  to 
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be  certain,  when  a body  is  abfolutely  irrefoluble  into  fpecifically  different  Physics. 
fubflances  •,  and,  confequently,  what  is  the  determinate  number  of  the  per- 
feftly  fimple  ingredients  of  bodies.  I will  not  now  mention  my  attempts 
to  tranfmute  pure  alkalizate  falts  into  earth,  becaufe  I do  not  yet  know, 
whether  the  trials  will  anfwer  my  hopes:  but  upon  this  fubjedl,  I could 
add  fomething  about  the  changes,  which  may  be  wrought  upon  highly  redli- 
fied  fpirit  of  wine,  which  would,  perchance,  make  other  things  of  the  like 
kind  thought  more  feafible.  For,  whereas  it  is  a known  thing,  that  this 
fpirituous  liquor  being  kindled,  will,  for  ought  appears,  be  totally  turned 
. into  flame ; yet  I have,  without  any  addition,  obtained  from  fuch  fpirit  of 
wine,  a considerable  quantity  of  incombuflible  phlegm.  And,  by  another 
way,  fome  perfons,  working  by  my  directions,  reduced  conflderable  quan- 
tities of  high-reCtified  fpirit  of  wine  into  a liquor,  which  was,  for  the  moft 
part  phlegm  from  which  change,  it  feems  deducible,  that  the  fame  portion 
of  matter,  which,  by  being  kindled,  would  be  turned  all  into  fire,  may,  by 
another  way  of  management,  be  turned  into  water  *,  and  this,  without  the 
addition  of  any  thing,  and  without  being  wrought  upon  by  any  vifible  body, 
but  one  fo  extremely  dry,  as  duly  prepared  fait  of  tartar  ; and  that  itfelf  is 
not  indifpenfably  neceflary,  becaufe  I,  by  another  way,  obtained  this  phlegm,., 
without  employing  the  fait,  or  any  other  vifible  body  whatever. 

10.  There  is  one  experiment  more,  with  which  I deflgn  to  conclude.  Phenomena 
Take  of  good  oil  of  vitriol,  and  fpirit  of  wine,  that  will  burn  all  away,/''0**  the  diJUP 
equal  parts  in  weight-,  put  them  together  gradually,  and  having  placed  the latlon  °f  °U °f 
mixture  in  a bolt-head  or  glafs-egg,  with  a long  neck,  and  carefully  flopp  z&Jpirit  ofwine 
it  with  a cork  and  hard  wax,  fet  the  veflel,  in  a moderate  heat,  to  digsdl  for 
a competent  time  ; then  pour  out  the  mixture  into  a tall  glafs  cucurbite,  to 
which  carefully  lute  on  a head  and  a receiver  j and,  with  a very  gentle  fire, 
abftraCt  the  fpirit  of  wine,  which  will  firft  afcend:  and  when  the  drops  be- 
gin to  come  over  fourifh,  fhift  the  receiver,  and  continue  the  diflillation 
with  great  care,  that  the  matter  boil  not  over  y and  when  about  half  the 
acid  liquor  is  come  over,  change  the  receiver  once  more,  and  continue  the 
diflillation ; increafing  the  fire  towards  the  latter  end,  ’till  you  have  brought 
over  all  you  can:  and  what  remains  in  the  bottom  of  the  cucurbite  mull  be 
put  into  a glafs,  well  flopped  to  keep  it  from  the  air. 

(1.)  To  the  production  of  moft,  if  not  all  the  phenomena  of  this  expe- 
riment, it  is  not  abfolutely  neceflary,  that  a long  digeflion  be  premiled, 
tho’  the  experiment  will  fucceed  the  better  for  it.  (2.)  I have,  fometimes,, 
made  ufe  of  oil  of  fujphur  per  Campanam , inflead  of  oil  of  vitriol ; and  tho*' 
it  fucceeded  in  feveral  particulars,  yet  I afterwards  chofe  to  employ  oil  of 
vitriol,  both  becaufe  it,  in  tome  points,  better  anfwer’d  i and,  becaufe  I 
would  not  give  occaflon  to  fujpeCt,  that  the  odours,  hereafter  to  be  men- 
tioned, as  phenomena  of  our  experiment,  were  owing  to  the  common  ful- 
phur,  and  no  way  proceeded  from  the  acid  fait,  wherewith  that  oil  abounds. 

'(3-)  likewife,  digefled  oil  of  vitriol  with  Spani/h  wine,  inflead  of  fpirit 
of  wine,  and,  by  this  means,  obtained  an  odd  fpirit,  and  refldue,  with  fome 
other  phenomena,  which,  in  regard  wipe  is  a liquor  of  fimple  nature 

than. 
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than  its  fpirit,  are  lefs  fit  for  my  prefent  purpofe.  (4.)  Great  care  r$uft  be 
had  in  regulating  the  fire,  when  once  a confiderable  part  of  the  acid 
fpirit,  mentioned  in  the  procefs,  is  come  over.  For,  if  the  fire  be  not  in- 
creafed,  the  reft  will  fcarce  afcend  t and  if  it  be  increafed  a little  too  much, 
the  matter  will  be  apt  to  fvvell  in  the  cucurbite,  and  run  over  into  the  re- 
ceiver. 

Now  the  oil  of  vitriol,  and  fpirit  of  wine,  being  both  of  them  diftilled  li- 
quors, drawn  from  fimple  and  familiar  fubftances,  and,  confequently,  vola- 
tile ; one  would  expedt,  that  they  fhould  be  brought  over  united,  as  I have 
tried,  that  the  fpirit  of  wine,  with  that  of  nitre,  or  of  common  fait,  may  be 
and  as  the  fpirits  of  different  vegetables  are  i or,  at  leaft,  that  the  diftiilation 
ihould  not  much  alter  them  from  what  it  found  them,  after  they  had  been 
well  mixed  together  *,  yet  they  exhibited  feveral  confiderable  and  furprizing 
phenomena.  For,  firft,  whereas  fpirit  of  wine  has  no  great  fcent,  nor  a good 
one,  and  moderately  dephlegmed  oil  of  vitriol  is  inodorous  ; the  fpirit, 
which  firft  comes  over  from  their  mixture,  hath  a fcent  not  only  very  diffe- 
rent from  fpirit  of  wine,  but  from  all  things  elfe,  that  ever  I fmelt.  And 
as  this  new  odour  feems  very  fragrant,  I have  fometimes  had  it  fo  ex- 
ceeding fubtile,  that  in  fpite  of  the  care  which  was  taken  to  lute  the  glaffes 
exadtly,  it  would  perfume  the  neighbouring  parts  of  the  laboratory,  and 
not,  afterwards,  be  kept  in  by  a dole  cork,  covered  with  two  or  three  feve- 
ral bladders,  but  would  fmell  ftrongly  at  fome  diftance  from  the  vial  that 
contain’d  it.  But,  2.  to  fhew  how  much  the  odours  of  bodies  depend  upon 
their  texture after  this  volatile  fpirit  is  come  over,  and  has  been  followed 
by  an  acid  one,  it  will  ufually,  towards  the  latter  end  of  the  diftiilation,  be 
fucceeded  by  a liquor,  that  fmells  ftrongly  of  brimftone.  **3.  There  is  pro- 
duced in  this  operation,  a liquor,  that  will  not  mix  either  with  the  men- 
tioned fragrant,  or  with  the  fetid  fpirit,  but  is  very  different  from  both  *, 
and  fo  very  pleafant,  /ubtile,  and  aromatic,  that  it  recedes  as  well  from 
fpirit  of  wine,  as  oil  of  vitriol.  4.  When  the  diftiilation  is  carried  on  far 
enough,  you  will  find  at  the  bottom,  that  the  two  fpirits  above-mentioned, 
(for  oil  of  vitriol  is  rather  a faline  fpirit,  than  an  oil)  have  produced  a black 
fubftance,  almoft  like  pitch  or  jet.  5.  And  this  fubftance,  tho’  produced  by 
two  bodies,  which  were  not  only  fluid,  but  diftill’d,  will  be  both  confiftent 
and  brittle.  6.  Tho'  fpirit  of  wine  be  reputed  the  moft  inflammable,  and  oil 
of  vitriol  the  moil  corrofive  liquor  known  *,  yet  I could  not  find,  that  this 
black  fubftance  would  eafily,  if  at  all,  be  brought  to  flame  or  burn  •,  nor 
that  it  had  any  difcernible  tafte,  tho5  both  the  liquors,  from  whofe  mixture 
it  was  obtained,  are  exceeding  ftrong  and  pungent.  7.  Tho’  both  thefe  li- 
quors will  mix  with  common  water,  I obferved,  that  this  pitchy  mafs  would 
not  diffolve  therein  for  very  many  hours.  And,  laftly,  tho’  the  oil  of  vitriol, 
and  the  fpirit  of  wine,  were  both  of  them  diftill’d  liquors,  and  one  of  them 
exceeding  volatile  and  fugitive  s yet  the  black  mafs  produced  by  them,  was 
. fo  far  fixed,  that  T.could  not  make  it  rife  by  a confiderably  ftrong  and  loft- 
ing fire,  that  would  have  raifed  a much  more  fluggilh  body,  than  the  hea- 

vieft  of  thofe,  which  concurred  to  produce  it, 

„ Now, 
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Now,  in  thefe  experiments,  it  cannot  well  be  pretended,  that  any  fub-  Physics. 
ftantial  forms  are  the  caufes  of  the  effects  recited : for,  befides,  that  in  the  '*—*~\mm**J 
bodies  employ’d  in  moft  of  the  cafes,  the  feminal  virtues,  if  they  had  any 
before,  may  be  fuppofed  to  have  been  deftroy’d  by  the  fire ; they  were  fuch, 
as  thofe  I argue  with,  would  account  factitious,  being  artificially  produced 
by  chymical  operations.  And  it  is  not  more  manifeft,  that  in  the  production 
of  thefe  efteCts,  there  happens  a local  motion,  and  change  of  texture,  by  the 
operations,  than  it  is  precarious,  that  they  are  the  effeCts  of  fuch  things,  as  the 
fchools  fancy  fubftantial  forms  to  be.  And,  fince  it  is  in  thefe  experiments, 
by  the  addition  of  fome  new  particles  of  matter,  or  the  recefs  or  expulfion 
of  fome  pre-exiftent  ones;  or,  which  is  the  moft  frequent  way,  by  the 
tranfpofition  of  the  minute  parts;  yet,  without  excluding  the  other  two  ; 
that  I have  been  able  to  produce,  by  art,  a number  of  fuch  confiderable 
changes  of  qualities,  as  are  not  ordinarily  prefented  us  by  nature,  where  fhe 
is  prefumed  to  work  by  the  help  of  fubftantial  forms  ; it  is,  furely,  proba- 
ble, that  the  fame  univerfal  and  fertile  principles,  motion,  bulk,  fhape,  and 
texture,  of  the  minute  parts  of  matter,  may,  under  the  conduCt  of  nature* 
fuffice,  like  wife,  to  produce  thofe  other  qualities  of  natural  bodies,  of  which 
we  have  given  no  particular  inftances... 

SECT.  VIIL 

THE  term  quality,  is  very  ambiguous,  and  has  been  applied  to  fome  Remarks  upon 
things,  which  ought  rather  to  have  been  look’d  upon  as  Hates  of  ma.t-Part!fu/ar 
ter,  or  complexions  of  particular  qualities,  as  animal,  heafth,  beauty,  &c.quai  m% 
There  are,  alfo,  other  attributes,  as  fize,  fhape,  motion,  and  reft,  ufually 
reckon’d  among  qualities,  which  may  more  conveniently  be  efteem’d  the 
primary  modes  of  the  parts  of  matter  ; fince  from  thefe  fimple  attributes, 
all  the  qualities  are  derived. 

One  of  the  more  leceived  divifions  of  phyfica!  qualities,  is  into  manifeft 
and  occult.  We  diftribute  the  former  into  firft,  fecond,  and  third;  to  the 
two  laft  of  which,  we  may  refer  feveral  qualities  not  treated  of  by  fchool- 
writers  of  phyfical  fyftems  : and  thefe,  for  diftincftion  fake,  might,  fome  of 
them,  be  ftyled  the  chymical  qualities  of  things ; becaufe  AriftGtle  and  the 
fchool-men,  being  unacquainted  with  them,  they  have  been  principally  in- 
troduced by  means  of  chymical  operations  and  experiments : fuch  are  fu- 
migation, amalgamation,  cupellation,  volatilization,  precipitation,  &c.  by 
which  operations,  among  other  means,  corporeal  things  come  to  appear 
volatile  or  fixed,  foluble  or  infoluhle  in  fome  menftrua,  amalgamate  or 
unamalgamable,  &c.  which  as  welldeferve  the  name  of  qualities,  as  feveral 
other  attributes,  to  which  it  is  allow’d.  And  to  thefe  chymical  qualities, 
fome  others  might  be  added,  which,  becaufe  of  the  ufe  that  phyficians  prin- 
cipally make  of  them,  may  be  call’d  medical ; whereby  fome  fubftances  re- 
ceiv’d into  the  human  body,  are  refolving,  difcuffing,  fuppurating,  abfter* 
five,  fsfc.  For  tho*  fome  faculties  of  medicines,  as  thofe  of  heating,  cooling, 
drying,  attenuating,  purging,  &V.  may  be  conveniently  referr’d  to  the  firft. 
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Ph  ysics.  fecond,  or  third  qualities,  mentioned  by  natural  ills,  whilft  others  are  reckon’d 
occult  *,  and  tho’  thefe  medical  qualities  are  treated  of  by  phyficians  ; yet 
as  feveral  of  them  ought  not  to  be  feferr’d  to  the  qualities  whereto  they  are 
often  afcribed  ; fo  the  handling  of  them,  may  be  look’d  upon  as  a delidera- 
tum,  and  well  deferves  a diffcind  place,  in  natural  philofophy. 

But  before  I proceed,  I think  proper  to  lolve  three  grand  fcruples,  which 
may  poffibly  arife  in  our  dodrine  of  qualities.  The  firft  of  thefe,  proceeds 
from  the  opinion  of  vulgar  and  Arifiotellan  philofophers,  that  diversity  of 
qualities  muff  needs  flow  from  fubftantial  forms  •»  either,  becaufe  it  is  part  of 
their  nature  to  be  the  principles  of  properties,  and  peculiar  operations  in 
the  bodies  they  inform  ; or  elfe,  becaufe  feveral  of  them,  are  fuch  as  no 
mixture  of  the  elements  is  capable  of  producing. 

We  have,  already,  in  examining  fubftantial  iorms,  fhewn  the  firft  of  thefe 
two  fuppofitions  unworthy  to  be  admitted.  It,  therefore,  only  remains, 
that  we  examine,  alfo,  the  fecond  fuppofition  * to  which,  Sennertus  adds, 
that,  as  no  bare  mixture  of  the  elements,  fo  no  general  forma  miftionis  is 
fufficient  to  account  for  feveral  qualities,  which  he  enumerates. 

But  as  this  difficulty  takes  it  for  granted,  that  there  are  four  elements,  from 
whofe  various  mixtures,  all  other  fublunary  bodies  arife  *,  whence,  they 
are  only  folicitous  to  prove,  that  particular  qualities  cannot  flow  from  their 
mixture  *,  I am  not  concern’d  in  their  whole  difeourfe,  becaufe  I admit  not  the 
hypothefis  of  the  four  elements  : yet  I may  obferve  from  hence,  that  by  the 
confeffion  of  fuch  modern  Peripatetics , as  urge  this  argument,  thofe,  and 
other  AriJlotelianSy  were  miftaken,  who  aferib’d  to  the  mixtures  of  the  ele- 
ments, effeds,  for  which  thefe  maintain  them  to  be  infufficient.  I fhall, 
however,  confider  the  difficulty  itfelf,  not  only  as  it  may  be  propos’d  by 
Peripatetics , but  by  chymifts  ; who,  tho’  fome  of  them  do  not  allow  of  the 
four  elements,  yet  agree,  with  the  fchools,  that  there  is  a determinate  num- 
ber of  ingredients  of  compounded  bodies,  from  whofe  mixture  and  propor- 
tion many  qualities  muft  be  deriv’d  ; thofe  that  cannot,  being  refolved  to 
flow  from  a higher  principle,  whether  it  be  a fubftantial  form,  or  fomething 
for  which  chymifts  have  feveral  names,  tho’,  I doubt,  no  fettled  idea. 

But,  firft,  I readily  acknowledge,  that  in  fome  refpeds,  and  in  lbine 
cafes,  this  grand  fuppofltion  may  be  well-grounded  ; but  then,  I. look  upon 
it,  rather  as  a part  of  the  corpufcuiar  dodrine,  than  an  objedion  againft  it : 
for  when  there  happens  a ftrid  connexion  betwixt  the  modification  of  mat- 
ter, which  is  requifite  to  exhibit  one  phenomenon,  and  that  from  which  ano- 
ther will  neceflarily  follow ; we  teach,  that  he,  who,  by  a change  of  texture, 
gives  a portion  of  matter  the  former  modification,  likewife  qualifies  it,  by 
the  fame  change,  to  exhibit  the  phenomenon  agreeable  thereto;  tho’  one 
would  not,  perhaps,  fufped  them  to  have  any  fuch  depehdance  upon  one 
another.  Thus,  for  inftance,  ftrong  fpirit  of  aiftill’d  vinegar,  by  virtue  of 
its  being  an  acid  fpirit,  hath  the  faculty  to  turn  fyrup  of  violets  red  ; but, 
if  by  making  with  this  fpirit,  a ftrong  folution  of  coral,  you  deftroy  the 
acidity  of  the  fpirit  of  vinegar  ; this  liquor,  as  it  has  quite  another  tafte, 
fo  it  will  have  another  operation,  than  formerly,  upon  the  fyrup  of  violets. 
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For  upon  a trial,  I purpofely  made  to  illuftrate  this  matter,  I found,  that  Pn 
the  folution,  juft  mention’d,  and  fome  others,  made  with  fpirit  of  vinegar,  — - 
would  prefently,  like  an  alkaline  or  urinous  fait,  turn  fyrup  of  violets  from 
its  native  blue,  to  a lovely  green.  And  profecuting  the  experiment,  it  ap- 
pear’d, that  fpirit  of  fait,  dephlegmed  by  a fit  concrete,  tho’  the  folution 
were  vehement  ftrong,  had  yet  the  fame  effeCt  on  fyrup  of  violets.  Now, 
things  may  acquire,  by  mixture,  very  different  qualities  from  thofe  of  any  of 
the  ingredients.  Thus  fugar  of  lead  is  extremely  fweet,  tho’  the  minium 
and  the  fpirit  of  vinegar,  of  which  it  is  made,  be,  the  one  infipid,  and 
the  other  four.  And,  tho*  neither  Aqua  regis , nor  crude  copper,  have  any 
thing  in  them  of  blue  •,  yet  the  folution  of  this  metal  in  that  liquor  is  of  a 
deep  blue : and,  fometimes  I have  had  the  folution  of  crude  mercury  in 
good  Aqua  fortis , of  a rich  green  *,  tho*  it  would  not  long  continue.  So 
that  they  are  much  miftaken  who  imagine,  either  that  no  manifeft  qualities 
can  be  produced  by  mixture,  except  thofe  that  refide  in  the  elements,  or 
refult  immediately  from  the  combinations  of  the  four  firft  qualities.  For  it 
is  manifeft,  that  nature  and  art  muft  continually  make  mixtures  of  bodies, 
both  already  compounded  •,  as  when  afhes  and  fand  compofe  the  common 
coarfe  glafs  *,  or  when  nature  combines  fulphur  with  unripe  vitriol,  and, 
perhaps,  other  fubftances,  in  a marcafite ; and,  alfo,  of  bodies  already  re- 
compounded ; as  native  vitriol  is  made  in  the  bowels  of  the  earth  of  an. 
aqueous  liquor  impregnated  with  an  acid  fait,  and  of  a cupreous  or  ferrugi- 
nous mineral,  ftriCtly  united  both  to  a combuftible  fulphureous  fubftance, 
and  to  another  body  of  a more  fixed  and  terreftrial  nature.  And  thus  ar- 
tificers may  eafily  produce  fine  new  colours,  by  fkilfully  mixing  in  the 
flame,  two  pieces  of  amel  of  colours  more  Ample  than  that  which  refults 
from  their  colliquation.  And  this  way  of  combining  bodies,  not  Ample  or 
elementary,  will  be  acknowledged  more  extenfive  in  the  production  of  va- 
rious qualities,  and  phenomena  of  nature,  from  confidering  how  much  the 
variation  of  the  proportion  of  the  ingredients  in  a mixed  body,  may  alter 
the  qualities  and  operations  of  it ; and  that  this  proportion  may  be  varied, 
almoft  in  infinitum. 

I next  obferve,  that  it  is  an  ill-grounded  hypothefis  to  fuppofe,  that  new 
qualities  cannot  be  introduced  into  a mixed  body,  or  thofe  that  it  had  be- 
fore be  deftroy’d,  unlefs  by  adding  or  taking  away  a fenfible  portion  of  fome 
one  or  more  of  the  Ariflotelian  elements,  or  chymical  principles.  For  there 
may  be  many  changes,  as  to  quality,  produced  in  a body,  without  vifibly 
adding  or  taking  away  any  ingredient,  barely  by  altering  the  texture,  or  the 
motion  of  the  minute  parts  it  confifts  of.  When  water,  hermetically  feal’d 
up  in  a glafs,  is,  by  the  cold,  turn’d  into  ice,  and  thereby  both  lofeth  its 
former  fluidity  and  tranfparency,  and  acquires  firmnefs,  brittlenefs,  and 
opacity,  which  qualities  leave  it  again  upon  a thaw  *,  I demand,  what  de- 
ment, or  hypoftatical  principle  can  be  fhewn  to  get  into  or  out  of  this  feal’d 
glafs,  and  by  its  intrufion  and  recefs,  produce  thefe  alterations  in  the  in- 
cluded body  ? So  in  that  fixed  metal  filver,  what  fenfible  acceflion  or  de- 
creafe  can  be  proved  to  be  made,  as  to  ingredients,  when,  by  bare  ham- 
Vol.  I.  O o mering* 


274  Forms  and  finalities. 

Physics,  mering,  it  acquires  a brittlenefs,  which,  by  heating  in  the  fire,  wherein  it 
fenfibly  lofes  nothing,  it  ma  y prefently  be  made  to  exchange  for  its  former 
malleablenefs : and  the  fame  experiment,  alfo,  fhews,  that  the  invifible  a- 
gitation  of  the  parts  may  alone  fuffice  to  give  a body,  at  leafl  for  a while, 
new  qualities  •,  fince  a thick  piece  of  filver  brifkly  hammer’d,  will  quickly 
acquire  a confiderable  degree  of  heat,  whereby  it  will  be  enabled  to  melt 
fome  bodies,  to  dry  others,  and  to  exhibit  various  phenomena,  that  it  could 
not  produce  when  cold.  I might  add,  that  fpirit  of  nitre,  tho’  when  in- 
cluded in  a well-flopp’d  vial,  in  the  form  of  a liquor, it  appears  tranfparent, 
and  without  rednefs,  will  yet  fill  the  upper  part  of  the  vial  with  red  fumes, 
if  the  warm  fun-beams,  or  any  fit  heat,  put  the  nitrous  fpirits  into  a brifker 
motion  than  they  had  whilil  in  the  form  of  a liquor.  I might,  alfo,  demand 
what  new  element,  or  principle,  is  added  to’  a needle,  when  the  bare  ap- 
proach of  a vigorous  load-flone,  endows  it  with  thofe  admirable  qualities  of 
refpe<5ling  the  poles,  and  drawing  other  needles  to  it  and  what  ingredient 
the  fleel  lofes,  when  by  a contrary  motion  of  the  load-flone,  it  is,  in  a 
minute,  deprived  of  its  magnetifm. 

In  the  third  place,  it  mufl  be  remember’d,  as  we  formerly  obferved,  that 
when  we  confider  how  numerous  and  various  phenomena  may  be  exhibited 
by  mixed  bodies,  we  are  not  precifely  to  look  upon  them  as  portions  of 
matter  of  a determinate  nature  or  texture,  but  as  they  are  parts  of  our  fyf- 
tem,  and,  confequently,  placed  among  other  bodies.  For  being  hereby 
fitted  to  receive  impreflions  from  fome  of  thofe  bodies,  and  to  make  im- 
prefiions  upon  others,  they  will,  upon  this  account,  be  render’d  capable  of 
producing,  either  as  principal  or  auxiliary  caufes,  a much  greater  number 
and  variety  of  phenomena,  than  they  could,  if  each  of  them  were  placed  in 
a medium,  that  no  way  contributed  to,  or  hinder’d  its  operations. 

In  the  laft  place,  I affert,  that  the  four  Peripatetic  elements,  and  the  three 
chymical  principles,  being  unable  to  give  a tolerable  account  of  the  pheno- 
mena of  nature,  we  mufl  feek  for  fome  more  univerfal  principles  •,  and,  that, 
thofe  of  the  corpufcular  philofophy,  have  a great  advantage  in  being  far., 
more  fertile  and  comprehenfive  than  they.  Such  phenomena,  as  the  con- 
llant  and  determinate  fhape  and  figure  of  the  mountains  in  the  moon  •,  the 
ilrange  generation  and  perifhing  of  the  lpots  of  the  fun,  £dV.  cannot  be 
afcribed  to  the  four  elements,  or  their  mixtures  •,  nor  to  thofe  of  the  three 
chymical  principles,  which  are  allowed  to  be  confin’d  to  the  fublunary  re- 
gion. And  there  are  very  many  phenomena  in  nature,  feveral  whereof, 
neither  the  Peripatetic , nor  the  chymical  dodlrine  about  the  elements,.or  the 
ingredients  of  bodies,  will  enable  us  to  folve  ; as  the  eclipfes  of  the  fun,  the 
moon,  and  the  fatellites  of  Jupiter  * the  proportion  of  the  acceleration  of 
defcent  obfervable  in  heavy  bodies ; the  ebbing  and  flowing  of  the  fea  ; 
with  a great  number  of  magnetical,  mufical,  flatical,  dioptrical,  catoptrical, 
and  other  forts  of  phenomena. 

Having  thus  fhewn,  that  the  vulgar  do&rine,  about  the  ingredients  of 
bodies,  falls  very  fhort  of  folving  feveral  kinds  of  nature’s  phenomena*  it 
will  follow,  in  general,  that  it  is  fit  to  look  out  for  fome  more  pregnant  and 
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univerfal  principles  *,  and  that  in  particular  rhofe  of  the  corpufcular  hypo-  Physics. 
thefis  are  preferable  to  the  vulgar,  will  appear  hereafter.  And,  indeed,  it  v — -y — 
were  ftrange,  if  the  confideration  of  the  various  motions  and  textures  of  bo- 
dies, fhould  not  lcrve  to  account  for  far  more  appearances,  than  the  bare 
knowledge  of  the  number  of  their  quiefeent  ingredients:  for  as  local  mo- 
tion is  that  which  enables  natural  bodies  to  act  upon  one  another  •,  fo  the 
textures  of  bodies  are  the  principal  things,  that  both  modify  the  motion  of 
agents,  and  diverfify  their  effects,  according  to  the  various  natures  of  the 
patient. 

I come  now  to  confider  the  fecond,  and,  indeed,  the  greateft  difficulty 
objedted  againft  cur  doctrine  of  the  origin  of  qualities.  *Tis  incredible, 
lome  will  fiy,  that  fo  great  a variety  of  qualities,  as  we  actually  find  in  na- 
tural bodies,  fhould  fpring  from  principles  fo  few  in  number  as  two  *,  and 
thofe  fo  fimple  as  matter  and  local  motion  ; whereof  the  latter  is  but  one  of 
the  fix  kinds  of  motion  reckon’d  up  by  Arijlotle  and  his  followers,  who  call 
-it  lation  *,  and  the  former  being  all  of  one  uniform  nature,  is,  according  to 
us,  diverfify’d  only  by  the  effects  of  local  motion.  To  folve  this  difficulty, 

I fhall  fhew,  fird,  that  the  other  univerfal  adedtions  of  matter,  are  mani- 
fedly  deducible  from  local  motion  *,  and  next,  that  thefe  principles  being 
varioufly  afifociated,  arc  fo  fruitful,  that  a vad  number  of  qualities,  and 
other  phenomena  of  nature,  may  refult  from  them. 

Now,  fuppofing,  what  is  evident,  (i.)  that  the  local  motion  belonging 
to  fome  parts  of  the  univerfal  matter,  does  not  all  tend  the  fame  way,  but 
has  various  determinations  in  the  feveral  parts  of  this  matter ; it  will  fol- 
low, that  by  local  motion  thus  circumftanced,  matter  mull  be  divided  into 
didindt  parts,  each  of  which  being  finite,  mud  necefifarily  have,  (2.)  fome 
bulkorfize*,  and,  (3.)  fome  determinate  fhape  or  other. 

And  fince  all  the  parts  of  univerfal  matter  are  not  always  in  motion, 
fome  of  them  being  arreded  by  their  mutual  implication,  or,  having  com- 
municated all  that  they  had  to  other  bodies  *,  the  confequence  is,  that  fome 
of  the  portions  of  the  common  matter  will  be,  (4.)  in  a date  of  red.  And 
thefe  are  the  mod  primary  and  fimple  adedtions  of  matter. 

But,  becaufe  there  are  fome  others  that  flow  naturally  from  thefe  ; and 
are,  tho’  not  altogether  univerfal,  yet  very  general  and  pregnant ; I*  fliall 
fubjoin  the  mod  fertile  principles  of  the  qualities  of  bodies,  and  other 
phenomena  of  nature. 

Farther  then,  not  only  the  greater  fragments  of  matter,  but  the  lefs, 
which  we,  therefore,  call  corpufcles,  or  particles,  have  certain  local  re- 
fpedts  to  other  bodies,  and  to  thofe  fltuations,  which  we  denominate  from 
the  horizon  •,  fo  that  each  of  thefe  minute  fragments  may  have,  (5.)  a 
particular  podure  or  pofltion,  as  eredt,  inclining,  &c.  and,  with  regard 
to  us  who  behold  them,  (6.)  a certain  order,  upon  account  whereof  we 
fay,  one  is  before  or  behind  another:  and,  (7.)  many  of  thefe  frag- 
ments being  affociated  into  one  mafs,  have  a certain  manner  of  exiding 
together,  which  we  call  texture,  or  by  a more  comprehenfive  word,  modi- 
fication. (8.)  And  becaufe  there  are  very  few  bodies,  whofe  condiment 
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Physics,  parts  can,  by  reafon  of  the  irregularity,  or  difference  of  their  figures,  and 
for  other  reafons,  touch  one  another  every  where  fo  exquifitely  as  to 
leave  no  intervals  between  them  •,  almoft  all  confident  bodies,  and  thofe  fluid 
ones,  that  are  made  up  of  groffer  parts,  will  have  pores.  But  (9)  very 
.many  bodies  having  particles,  which,  by  their  fmallnefs,  or  their  loofe  adhe- 
rence to  the  bigger,  or  more  (table  parts  of  the  bodies  they  belong  to,, 
are  more  eafily  agitated,  and  feparated  from  the  reft,  by  heat,  and  other 
agents ; there  will  be  great  numbers  of  bodies  which  emit  thofe  fubtile 
emanations,  that  are  commonly  called  effluvia . And  as  thofe  con- 
ventions of  the  Ample  corpufcles,  that  are  fo  Atted  to  adhere  to,  or  be 
complicated  with  one  another,  conftitute  fuch  durable  clufters  of  particles, 
as  we  may  call  the  primary  concretions,  or  elements  of  things:  fo  (10) 
thefe  themfelves  may  be  mixed  with  one  another,  and  conftitute  compound 
bodies  ; and  even  thefe  refulting  bodies  may,  by  being  mix’d  with  other 
compounds,  prove  the  ingredients  of  re-compounded  bodies  j and  fo  afford 
a way,  whereby  nature  varies  matter,  which  we  may  call  mixture,  or  com- 
pofltion  ; not  that  the  name  is  here  fo  proper,  as  when  applied  to  the  pri- 
mary concretions  of  corpufcles  ; but  becaufe  it  belongs  to  a multitude  of 
affociations,  and  feems  to  differ  from  texture  ; whereto,  perhaps,  it  is  redu- 
cible, in  this,  that  always  in  mixtures,  but  not  in  textures,  there  is  require  1 
a heterogeneity  of  the  component  parts.  And  every  diftinCf  portion  of 
matter,  whether  it  be  a corpufcle,  a primary  concretion,  or  a body  of  the  flrft, 
or  of  any  other  order  of  mixt  bodies,  is  to  be  confider’d,  not  as  if  it  were 
placed  in  vacuo , nor  as  if  it  had  relation  only  to  the  neighbouring  bodies  ; 
but  as  being  placed  in  the  univerfe,  conftituted  as  it  is,  amongft  an  innume- 
rable company  of  other  bodies  *,  whereof  fome  are  near  it,  and  others  very  re- 
mote *,  fome  are  great,  and  fome  fmall  *,  fome  particular,  and  fome  general  a- 
gents-,  and  all  of  them  govern’d  as  well  (1 1)  by  the  univerfal  fabric  of  things, 
as  by  the  laws  of  motion,  eftabliftied  by  the  author  of  nature,  in  the  world. 

And  having  thus  enumerated  eleven  very  general  affeCtions  of  matter, 
which,  with  itfelf,  make  up  twelve  principles  of  variation  in  bodies  •,  I may, 
in  behalf  of  the  corpufclar  philofophy,  apply  to  the  origin  of  qualities,  a 
comparifon  of  the  old  atomifts,  ufed  by  Lucretius , and  others  to  illuftrate 
the  production  of  an  infinite  number  of  bodies,  from  fuch  Ample  fragments 
of  matter,  as  they  thought  their  atoms  to  be.  For,  Ance  of  the  24  letters 
of  the  alphabet,  affociated  feveral  ways,..  all  the  words  of  the  fcveral  lan- 
guages of  the  world  may  be  made ; fo,  fay  thefe  naturalifts,  by  varioufly 
connecting  particular  numbers  of  atoms,  of  particular  fhapes,  Azes,  and 
motions,  into  maffes,  an  innumerable  multitude  of  different  bodies  may 
be  formed.  Wherefore,  if  to  the  four  affeCtions  of  matter,  which  I call  the 
moft  primary,  and  Ample,  we  add  the  feven  other  ways,  whereby  it  may 
be  alter’d  •,  we  fliall  have  eleven  principles  fo  fruitful,  that,  from  their  va- 
rious affociations,  may  refult  a much  vafter  multitude  of  phenomena  ; and 
among  them  of  qualities,,  than  one  who  does  not  conAder  the  thing  at- 
tentively would  imagine..  For,  fuppoftng  our  principles  were  but  as  fo 
many  letters  of  the  alphabet^  that  could  only  be  put  together  in  different 
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numbers,  and  in  various  orders  ; the  combinations,  and  other  afTociationsPn 
that  might  be  made  thereof,  is  far  more  numerous,  than  a man  who  knows  * 
not  how  to  compute  them,  could  eafily  credit,  when  told. 

But  farther,  each  of  thefe  producers  of  phenomena,  admits  of  a fcarce 
credible  variety  : for,  not  to  defcend  fo  low  as  infenfible  corpufcles,  many 
thoufands  of  which  may  be  requifite  to  conflitute  a grain  of  muftard-feed  ^ 
what  an  innumerable  company  of  different  magnitudes  may  we  conceive,  be- 
tween the  bulk  of  a mite,  and  that  of  a mountain,  or  the  body  of  the  fun  ? 

And  fo,  tho*  figure  be  one  of  the  moft  fimple  modes  of  matter  ; yet  it  is 
capable  of  fo  great  a multitude  of  differences,  that  it  is  of  them,  and  their 
properties,  that  Euclid , Apollonius , Archimedes , cTheodofiuS'i  Clavius , and  later 
writers,  have  demoftrated  fo  many  propofitions.  And  yet,  all  the  regular 
figures  are  nothing  to  fuch  irregular  fhapes  as  may  be  met  with  in  na- 
ture *,  moft  of  which  have  no  particular  appellations,  their  multitude  and 
variety  having  kept  men  even  from  enumerating  them. 

I may  add,  that  thefe  varieties  of  figure  and  fhape,  alfo  ferve  to  modify 
the  motion,  and  other  affedtions  of  the  corpufcles  endow’d  with  them  *,  and 
of  the  compound  body  whereof  it  makes  a part : and  that  the  fhape  and 
fize  of  bodies,  whether  fmall  or  great,  may  exceedingly  diverfify  their  na- 
ture, and  operation,  is  very  manifeft,  by  confidering  how  many  diffe- 
rent forts  of  tools,  and  inftruments,  almoft  each  of  them  fit  for  many  dif- 
ferent operations  and  ufes,  fmiths,  and  other  mechanics,  have  form’d  out 
of  pieces  of  iron,  only  by  making  them  of  different  fizes  and  fhapes. 

Thus,  likewife  motion,  which  feerns  fo  ftmple  a principle,  efpecially  in 
fimple  bodies,  may,  even  in  thofe,  be  very  much  diverfify’d  : for  it  may  be 
more  or  lefs  fwift,  and  that  in  almoft  infinite  degrees  *,  it  may  be  fimple  or 
uncompounded,  uniform  or  irregular,  and  the  greater  celerity  may  precede 
or  follow  ; the  body  may  move  in  a {freight  line,  or  in  a circle,  an  ellipfis, 
hyperbola,  parabola,  &c.  The  motion  of  a body  may  be  alfo  varied,  ac- 
cording to  the  fituation,  or  nature  of  the  matter  it  hits  againft,  as  that  is 
capable  of  refledting  or  refradting  it,  or  both  ; and  this  after  feveral  man- 
ners. It  may  have  an  undulating  motion,  and  that  with  fmaller  or  greater 
waves ; or  it  may  have  a rotation  about  its  own  axis,  or  both  a progreffive 
motion  and  a rotation  ; and  the  one  either  equal  to  the  other,  or  fwifter 
than  it,  in  almoft  infinite  proportions.  As  to  the  determination  of  motion,  the 
body  may  move  diredtly  upwards,  or  downwards,  declining  or  horizontally, 
eaft,  weft,  &V.  according  to  the  fituation  of  the  impelling  body.  And  befides, 
thefe,  and  other  modifications  of  the  motion  of  a fimple  corpufcle,  or  body, 
whofe  phenomena,  or  effedts,  will  be  alfo  diverfify’d  by  its  bulk  and  figure  •, 
there  will  happen  a new  and  great  variety  of  phenomena,  when  feveral 
corpufcles,  tho*  primogeneal,  and  much  more  if  they  be  compounded* 
move  at  once,  fo  that  the  motion  is  confider’d  in  feveral  bodies  : for  there 
will  arife  new  diverfifications,  from  the  greater  or  lefs  number  of  the  mov- 
ing corpufcles ; from  their  following  one  another  clofe  or  at  a diftance ; 
from  the  order  wherein  they  follow  each  other  ; from  the  uniformity  of 
their  motion,  or  the  confufion  of  it  * from  the  equality  or  inequality  of 
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their  bulk,  and  the  fimilitude  or  diffimilitude  of  their  figures  *,  from  the 
narrownefs  or  widenefs,  &e.  of  the  channel  or  paffage  in  which  they  move  ^ 
with  the  thieknefs,  thinnefs,  pores  and  the  conditions  of  the  medium 
thro*  which  they  move  j from  the  equal  or  unequal  celerity  of  their  mo- 
tion,  and  force  of  their  impulfe  : and  the  effedls  of  all  thefe  are  variable, 
by  the  different  fi tuition  and  ftrudlure  of  the  organs,  or  other  bodies,  on 
which  thefe  corpufcles  ftrike. 

And  fince  local  motion  is,  next  to  the  author  of  nature,  the  principal 
agent  in  the  production  of  her  phenomena,  thefe  diverfities,  in  the  motion  of 
bodies,  mint  necefiarily  produce  a .{fringe  variety  in  their  nature,  and  qua- 
lities. Thus  in  mufic,  as  the  inftrument  of  producing  founds  trembles 
more  or  lefs  fwiftly,  it  puts  the  air  into  a vibrating  motion,  more  or  lefs 
brisk  •,  and  produces  thofe  diverfities  of  founds,  which  muficians  have 
diftinguifh’d  into  notes,  and  fubdivided  *,  affigning  to  each  a particular 
name.  And  tho*  the  bodies,  from  whence  thefe  founds  proceed,  may  be  of 
very  different  natures,  as  wire,  firings,  pipes,  &V.  yet,  provided  they  put 
the  air  into  the  like  waving  motion,  the  found,  and  even  the  note  will  be 
the*  fame*,  which  fhews  how  much  that  great  variety,  which  may  be  ob- 
ferv’d  in  founds,  is  the  effedl  of  local  motion.  And  if  the  found  come 
from  an  iuflrument,  as  a lute,  where  not  only  one  firing  hath  its  proper 
founds,  but  many  have,  among  them,  feveral  degrees  of  tenfion,  and  are 
differently  touch’d,  as  fometimes  thefe,  and  fometimes  thofe  together, 
whereby  more  or  fewer,  or  none  of  their  vibrations,  come  to  be  coincident ; 
they  will  fo  flrike  the  air,  as  to  produce  fometimes  thofe  pleafing  founds 
we  call  concords,  and  fometimes  thofe  harfh  ones  we  call  difcords. 

Hence,  then  appears  the  fertility  of  our  principles.  And  this  great  va- 
riety may  be  produced,  not  only  by  the  diverfifications  that  each  fingle 
principle  is  capable  of  j but  much  more  by  the  feveral  combinations  that 
may  be  made  of  them  *,  efpecially  fince  our  external  and  internal  fenfes  are 
fo  conflituted,  that  each  of  thofe  modifications  may  produce  a diftindl  im- 
prefflon  on  the  organ,  and  a correfpondent  perception  in  the  difcerning 
faculty:  many  of  which  perceptions,  efpecially  if  diflinguifhed  by  proper 
names,  belong  to  the  lift  of  particular  qualities. 

The  third  and  laft  difficulty  that  remains  to  be  confider’d,  may  be  thus 
propos’d.  Since,  according  to  the  corpufcular  hypothefis,  not  only  one  or 
two  qualities,  but  all  of  them,  proceed  from  the  magnitude,  fhape,  and  con- 
texture of  the  minute  parts  of  matter ; if  two  bodies  agree  in  one  quality, 
and  fo  in  the  ftrudture  on  which  that  quality  depends,  they  ought  to  agree 
in  other  qualities  alfo ; fince  thofe,  likewife,  depend  upon  the  ftrudlure 
wherein  they  agree  *,  and,  confequently,  it  feems  impoffible,  that  two  fuch 
bodies  fhould  have  fo  many  different  qualities,  as  experience  fhews  they 
may.  Thus  *tis  pretended,  that  the  whitenefs  of  froth  proceeds  from  the 
multitude  and  hemifpherical  figure  of  the  bubbles  ’tis  made  up  of.  And 
if  this,  or  any  other  mechanical  fabric,  or  contexture,  be  the  caufe  of 
whitenefs ; how  comes  it  to  pafs,  that  fome  white  bodies  are  inodorous, 
and  infipid,  as  the  calx  of  hart’s-horn  j others,  both  ftrongiy  fcented,  and 
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flrongly  tailed,  as  the  volatile  fait  of  harts^horn,  or  of  blood  •,  fome  diffo- Physics. 
luble  in  water,  as  fait  of  tartar  *,  others  indilfoluble  in  tha  fluid,  as  calcin’d  v— 
hart’s-horn,  &c.  fome  fixed  in  the  fire,  as  the  body  laft  named  •,  others  fu- 
gitive, as  powdered  fal-armoniac  j fome  incombuftible,  as  fait  of  tartar  *, 
others  very  inflammable,  as  camphire,  &c.  This,  I confefs,  is  a confidera- 
ble  difficulty  in  the  corpufcular  philofophy. 

But,  1.  I confider,  that  in  the  pores  of  vifible  and  liable  bodies,  there 
may  be  often  lodged  invifible  and  heterogeneous  corpufcles,  to  which  a par- 
ticular quality  that  belongs  not  to  the  body,  as  fuch,  is  to  be  referr’d. 

Thus  in  the  cafe  of  a perfumed  glove,  in  the  pores  of  the  leather,  odoriferous 
particles  are  harboured,  which  have  a quite  different  nature  from  the  leather 
itfelf,  and  wholly  adventitious  to  it ; yet  they  endue  it  with  a fragrancy. 

2.  I confider,  that  corpufcles  often  of  very  different  natures,  if  they  be 
but  fitted  to  convene,  or  to  be  put  together  after  certain  manners,  which 
yet  require  no  radical  change  to  be  made  in  their  effential  flrublures,  but 
only  a certain  juxta-pofition,  or  peculiar  kind  of  compofition,  may,  not- 
withflanding  their  effential  differences,  exhibit  the  fame  quality.  For  in- 
vifible changes  made  in  the  minute,  and,  perhaps,  undifcernable  parts  of  a 
liable  body,  may  fuffice  to  produce  fuch  alterations  in  its  texture,  as  to  give 
it  new  qualities,  and,  confequently,  different  from  thofe  of  other  bodies  of 
the  fame  kind  or  denomination  •,  and,  therefore,  tho*  there  remains  as  much 
of  the  former  ftrudlure  as  is  neceflary  to  make  it  retain  its  denomination  ; 
yet  it  may  admit  of  alteration,  fufficient  to  produce  new  qualities.  Thus, 
when  a bar  of  iron  has  been  violently  hammer’d,  tho’  it  continues  iron  Hill, 
and  is  not  vifibly  alter’d  in  its  texture  ; yet  the  infenfible  parts  may  have  been 
put  into  fo  vehement  an  agitation,  as  to  make  the  bar  too  hot  to  be  held  in 
one’s  hand.  And  fo  if  you  hammer  a long  thin  piece  of  filver,  tho’  the  change 
of  texture  is  invifible,  it  will  acquire  a fpringinefs  that  it  had  not  before. 

And  if  you  leave  this  hammer’d  piece  of  filver  a while  upon  glowing  coals, 
and  after  let  it  cool,  tho’  your  eye  will,  perchance,  as  little  perceive  that 
the  fire  has  alter’d  its  texture,  as  it  did  before  that  the  hammer  had  ; yet 
you  will  find  the  elaflicity  deflroy’d.  If  on  the  furface  of  a body,  a multi- 
tude of  fharp  and  flirf  parts,  placed  thick  or  clofe  together,  are  protuberant, 
let  the  body  be  iron,  filver,  or  wood,  or  of  what  matter  you  pleale  ; thefe 
extant  and  rigid  parts  will  fuffice  to  make  all  thefe  bodies  exhibit  the  fame 
quality  of  roughnefs.  And  if  all  the  extant  parts  of  a phyfica!  fuperficies 
be  fo  deprefs’d,  that  there  is  a level  made  with  the  other  fuperficial 
parts  of  a body  *,  this  is  fufficient  to  deprive  it  of  its  former  rough- 
nefs, and  give  it  that  contrary  quality  we  call  fmoothnefs  : and  if  this 
fmoothnefs  be  exquifite,  and  happen  to  the  furface  of  an  opake  bo^ly,  of  a 
clofe  and  folid  texture,  and  fit  to  refledl  the  incident  rays  of  light  undifrurb’d, 
this  is  enough  to  make  it  lpecular,  whether  the  body  be  fteel,  filver,  brafs, 
marble,  flint,  or  quick-filver,  &c.  For  befides  that  peculiar  and  effential 
modification  which  conflitutes  a body,  and  diflinguifhes  it  from  all  others 
not  of  the  fame  fpecies,  there  may  be  certain  other  attributes,  that  we  call 
extra-effential,  common  to  that  body,  with  many  others ; and  upon  which 
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Ph  ysi  cs.  may  depend  thofe  more  external  affections  of  the  matter,  which  fuffice  to  give 
it  a particular  relation  to  other  bodies  *,  feveral  of  which  relations  we  ftyle 
qualities.  Thus,  provided  there  be  a fufficient  and  confufed  agitation  made 
in  the  infenfible  parts  of  a body,  whether  iron,  brafs,  filver,  wood,  or 
{tone  j the  vehement  agitation,  without  deftroying  the  nature  of  the  body 
that  admits  it,  will  fit  it  for  fuch  an  operation,  upon  our  organs  of  feeling, 
and  upon  bodies  eafy  to  be  melted,  as  we  call  heat.  And  fo  in  the  inftance 
of  whitenefs,  it  is  accidental  to  it,  that  the  corpufcles  it  proceeds  from,  fhould 
be  little  hemifpheres  : for  tho’  it  happen  to  be  fo  in  water  agitated  into 
froth  ; yet  in  water  frozen  to  ice,  and  beaten  very  (mail,  the  corpufcles  may 
be  of  all  manner  of  fhapes,  and  yet  the  powder  be  white.  And  it  being 
fufficient  to  the  production  of  whitenefs,  that  the  incident  light  be  plenti- 
fully reflected  every  way  undifturbed  by  the  reflecting  body,  it  matters  not 
whether  that  body  be  water  or  white-wine,  or  fome  other  clear  liquor, 
turn’d  into  froth  •,  or  ice,  or  glafs,  or  chryftal,  or  clarified  rofin,  &c.  beaten  to 
powder  ; fince,  without  diflolving  the  eflential  texture  of  thefe,  formerly, 
diaphanous  bodies,  it  fuflices  that  there  be  a comminution  into  grains  nume- 
rous and  fmall  enough,  by  the  multitude  of  their  furfaces,  and  thofe  of  the 
air,  that  gets  between  them,  to  hinder  the  paffage  of  the  rays  of  light,  and 
reflect  them  every  way  plentifully  and  undifturb’d.  And  there  may  be  other 
general  affections  of  corpufcles,  befides  the  fhape  or  ftructure  of  them,  by 
virtue  whereof,  aggregates  even  of  fuch  as  appear  homogeneous,  may  ex- 
hibit different  qualities : for  inftance,  they  may  have  fome  when  they  are 
in  a brifk  motion,  and  others  when  they  are  but  in  a languid  one,  or  at 
reft  •,  as  falt-petre,  when  its  parts  are  fufficiently  agitated  by  the  fire  in  a 
crucible,  is  not  only  fluid,  but  tranfparent  almoft  like  water  ; tho’  when  it 
cools  again,  it  becomes  a hard  and  white  body  ; butter,  that  is  opake,  in 
its  moft  ufual  ftate,  may  be  tranfparent  when  melted  ; and  a great  quantity 
of  beaten  alabafter,  which  ufually  retains  the  form  of  a movelefs  heap  of 
white  powder,  by  being,  after  a due  manner,  expofed  to  heat,  obtains,  with- 
out being  brought  to  fufion,  many  of  the  principal  qualities  of  a fluid  body. 
And  if  a glafs  be  half  fill’d  with  good  fpirit  of  nitre  or  Aqua  foriis , it  will, 
unlefs  it  be  extraordinarily  dephlegmed,  exhibit  no  rednefs,  or  colour  tending 
thereto  •,  but  if  you  warm  it  a little,  or  caft  a bit  of  iron  or  filver  therein, 
to  put  the  liquor  into  a commotion,  then  the  nitrous  fpirits  putting  off  the 
form  of  a liquor,  and  afcending  in  that  of  fumes,  will  make  all  the  upper 
part  of  the  glafs  look  of  a deep  yellow,  or  a red. 

3.  We  have  already  obferved,  that  a body,  with  regard  to  the  produ&ion 
of  qualities,  is  not  to  be  confider’d  barely  in  itfelf,  but  as  placed  in,  and  as 
it  is  a portion  of  the  univerfe. 

Laftly,  as  to  that  part  of  the  grand  objection  we  are  clearing,  which  ur- 
ges the  difficulty  of  explaining,  upon  the  corpufcular  principles,  how,  for 
example,  the  fame  body,  whofe  ftructure  fhapes  it,  fo  as  to  be  fit  to  exhi- 
bit whitenefs,  fhould  likewife  poflefs  feveral  other  qualities,  that  feem  to 
have  no  affinity  with  whitenefs  ; we  are  afiifted  to  remove  it  by  the  paft  dif- 
eourfe : for  fince  corpufcles,  without  iofing  the  texture  effential  to  them, 
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may,  as  we  have  ftiew’d,  have  their  fhape,  their  furfaces,  or  their  fituationPH  y s 
chang’d  ; and,  alfo,  admit  of  alterations,  as  to  motion  or  reft  •,  as  to  degrees,  t— — v 
brother  circumftances  of  motion,  as  to  laxity  and  denfity  of  parts  ; Qc.  it 
is  certainly  po/Tible,  that  a fingle  corpufcle,  and  much  more  that  an  aggre- 
gate of  them,  may,  by  fome  of  thefe,  or  the  like  changes,  be  fitted  to  pro- 
duce feveral  other  qualities,  befides  thofe  that  neceflarily  flow  from  it ; 
efpecially,  fince  the  qualities,  commonly  call’d  Tenfible,  and  many  others 
too,  being,  according  to  our  opinion,  but  relative  attributes,  one  of  thefe 
alterations,  tho’  but  mechanical,  may  endow  the  body  it  happens  to,  with 
new  relations,  both  to  the  organs  of  lenfe,  and  to  fome  other  bodies,  and, 
confequently,  with  additional  qualities. 

If  from  good  Venice  turpentine,  you  gently  evaporate  about  a third  part 
of  its  weight,  you  may  obtain  a fine  tranfparent,  and,  almoft,  reddiih  colo- 
phony. Beat  this  very  fmall,  it  will  lofe  its  colour  and  tranfparency,  and 
afford  an  opake,  and  very  white  powder  ; expofe  it  to  a moderate  heat,  and  it 
will  quickly,  without  violence,  both  regain  its  colour  and  tranfparency,  and 
become  fluid  ; and,  if  whilft  it  is  thus  melted,  you  put  the  end  of  a reed  a 
little  beneath  the  furface,  and  dexteroufly  blow  into  it,  you  may  obtain 
bubbles  adorn’d  with  very  various  and  vivid  colours.  If,  when  it  has  loft 
its  fluidity,  and  remains  tolerably  warm,  you  take  it  into  your  hands,  you 
will  find  it  has,  in  that  Hate,  a vifcofity,  by  virtue  of  which,  you  may,  like  pafte, 
draw  it  out  into  threads  ; but  as  foon  as  it  grows  quite  cold,  it  becomes  ex^ 
ceeding  brittle  ; and  if  whilft  it  is  yet  warm,  you  give  it  the  fhape  of  a 
triangular  prifm,  and  make  it  of  a convenient  bulk,  it  will  exhibit  variety 
of  colours,  almoft  like  a triangular  glafs.  Whilft  this  colophony,  is  cold,  and 
its  parts  are  not  put  into  a due  motion,  ftraws,  and  other  light  bodies, 
may  be  held  unmov’d  clofe  to  it;  but  if  by  rubbing  it  a little,  you  agitate 
the  parts,  tho’,  perhaps,  without  fenfibly  warming  the  colophony,  it  ma- 
nifefts  an  electrical  quality,  and  readily  draws  to  it  ftraws,  and  other  light 
bodies  that  it  would  not  move  before.  Though  urine  be  efteem’d  a homo- 
geneous body,  and,  tho’  it  lofes  its  texture  by  putrefaction,  before  it  is 
diftill’J;  yet  when  it  has  been  twice  or  thrice  rectified,  the  fpirits  of  it, 
fwimming  in  a phlegmatic  vehicle,  leave  a pungent  faltnefs  upon  the  tongue, 
and  a very  ftrong  and  offenfive  fmell  ; and  when  freed  from  the  water,  they 
are  white  to  the  eye,  and  exceeding  fharp  to  very  tender  and  excoriated  parts, 
and  burn  like  a cauftic ; fo  that  I have  feen  them  prefently  make  blifters  up- 
on the  tongue ; and  the  fame  faline  particles  invifibly  flying  up  to  the  eyes, 
prick  them,  and  make  them  water;  and  invading  the  nofe,  often  caufe  that 
great  commotion  in  the  head  and  other  parts  of  the  body,  we  call  fneezing. 

The  fame  corpufcles,  if  fmelt  to  by  a woman  in  hyfterical  fits,  very  often 
fuddenly  relieve  "her  ; and  fo  may  be  reckon’d  among  the  fpecific  remedies 
of  that  odd  difeafe.  The  fame  corpufcles  taken  into  the  human  body,  have 
the  qualities  that,  in  other  medicines,  we  call  diaphoretic  and  diuretic : 
the  fame  particles  put  upon  filings  of  brafs,  produce  a fine  blue  ; but  upon 
the  blue  or  purple  juices  of  many  plants,  they  prefently  produce  a green  : 
being  put  to  work  upon  copper,  whether  crude  or  calcined,  they  readily 
Vol.  I.  Pp  diffolvc 
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Ph  ys  1 cs.  diffolve  it,  as  corrofive  menftrua  do  other  metals ; and  yet  the  fame  cofpufcles 
being  blended,  in  a due  proportion,  with  the  acid  falts  of  fuch  menftrua,, 
have  the  virtue  todeftroy  their  corrofivenefs  ; and  if  put  into  folutions  made 
with  fuch  menftrua,  they  have  a power,  excepting  in  very  few  cafes,  to> 
precipitate  the  bodies  therein  diffolv’d.  Now,,  this  fpirituous  fait  being 
a factitious  body  made  out  of  a putrefied  one,  and  fo  fimple  as  to  be  a chy- 
mical  fait,  or  one  of  the  three  chymical  principles  of  compound  bodies  ; it 
muft  the  rather  be  allow’d  to  work  by  virtue  of  its  mechanical'  properties. 
And  to  confirm  this  the  more,  I fhall  add,  that  if  you  compound  it  with 
the  faline  particles  of  common  fait,  which  is,  alfo,  a factitious  thing,  and 
con fe fled  by  chymifts  to  be  a fimple  principle  j thefe  two  being  mixed  in  a 
due  proportion,  and  fuffer’d  leifurely  to  combine,  they  will  aflbciate 
themfelves  into  corpufcles,  wherein  the  urinous  fait  lofes  moft  of  the  quali- 
ties I have  afcribed  to  it  ; and,  with  the  acid  fpirit,  compofes,  as  I have 
often  try’d,  a body  little  different  from  fal-armoniac  : which  great  change,, 
can  be  afcribed  to  nothing  fo  probably,  as  to  that  of  the  fhape  and  motion  of 
the  urinous  fait,  which  changes  the  one,  and  lofes  a great  part  of  the  other, 
by  combining  with  the  acid  fpirits.  And  to  confirm  that  both  thefe  happen,, 
I have,  feveral  times,  flowly  exhaled  the  fuperfluous  liquor  from  a proper 
mixture,,  made  of  the  fpirit.  of  urine,  and  that  of  fait *,  and  found  that  there 
remained  in  the  bottom,,  a fait  not  only  far  more  fluggilhthan  the  fugitive 
one  of  urine,,  but  whofe  viftble  -fhape  was  quite  different,  from  that  of  the 
volatile  cryftals  of  urine  this  compounded  fait  being  generally  figured 
either  like  combs  or  feathers. 

And  now,  if  to  all  this  we  add,  that  the  extra-effential  changes,  which 
may  be  made  in  the  texture,, fhape,  motion,  &c.  of  bodies,  agreeing  in  their 
effential  modifications,,  may  not  only  qualify  them  to  work  immediately, 
after  a different  manner  upon  different  organs  of  fenfe,  and  upon  other 
bodies,  whofe  pores,  are  differently  conftituted-,  but  may  diipofe  them 
to  receive  other  impreflions  than  before,  or  to  receive  the  ufual  ones  after 
another  manner,,  from  the  more  univerfal  agents  of  nature  *,  it  muft  appear 
that  the  propofed  fcruple,  is  not  fo  perplexing  to  our  philofophy,  as  might 
be  at  fir  ft  imagined. 

The  three  difficulties  fpoke  to,  were  thought  fit  to  be  here  ccnfidered,, 
becaufe  there  are  many  things  in  my  other  writings,  which  refer  to  the 
prefent  v becaufe  the  fcruples  themfelves..  are  of  great  moment,  and  have 
not  been  difcufs’d  by  others  •,  and  becaufe  the  difficulties  relating  to  the  cor- 
pufcular  hypothefts,  in  general,  the  folution  of  them  may  both  ferve  to  con- 
firm feveral  of  the  particulars,,  mentioned  in  giving  the  origin  of  forms  and 
qualities,  and  conduce  to  clear  and  explain  feveral  other  phenomena  of  nature. 

SECT.  IXV 
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THE  qualities  of  particular  bodies,  for  the  moft  part,confift  in  relations, 
upon  account  whereof,  one  body  is  fitted  to  a6t  upon  others,  or  difpofed 
-ter be  a&ed  upon  by  them,  and  receive  impreflions  from  them  * as  quick- 
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filver  has  a quality  or  power  to  diflolve  gold  and  filver  •,  and  a capacity,  or  Ph  ysi  ch. 
dilpofition,  to  be  diflolved  by  Aquafortis , and  Aqua  regis.  And  tho’  in  ^ v 
eftimating  the  qualities  of  natural  bodies,  we  ufually  confider  only  the  power 
that  any  particular  one  has  of  adting  upon,  or  its  capacity  ot  luftering  from 
others,  wherewith  it  is  obferved  to  have  a manifeft  commerce,  in  making  or 
receiving  imprefiions  *,  yet  there  may  be  feme  attributes  belonging  to  a par- 
ticular body,  and  feveral  alterations  to  which  it  may  be  liable,  not  barely 
-upon  account  of  thole  qualities  that  are  prefumed  to  be  evidently  inherent 
in  it,  nor  of  the  refpedts  it  bears  to  thofe  other  particular  bodies  whereto  it 
feems  manifeftly  related  *,  but  upon  account  of  a fyftem  conftituted,  as  our 
world  is,  of  fuch  a fabric,  that  there  may  be  many  unheeded  agents,  which, 
by  unperceived  means,  have  great  operations  upon  the  body  we  confider ; 
and  work  fuch  changes  in  it,  and  enable  it  to  work  fuch  changes  on  other 
bodies,  as  are  rather  to  be  aferibed  to  fome  unheeded  agents,  than  to  thofe 
other  bodies,  with  which  the  body  propofed  is  obferved  to  be  concern’d. 

So  that  if  many  bodies,  which  I could  name,  were  placed  together  in  fome 
imaginary  fpace  beyond  the  bounds  of  our  fyftem,  tho’  they  would  retain 
many  of  the  qualities  they  are  now  endow’d  with*,  yet  they  could  not  pof- 
fefs  them  all ; but  by  being  reftored  to  their  former  places  in  this  world, 
they  would  regain  a fet  of  faculties  and  difpofitions,  depending  upon  fome 
unheeded  relations  and  impreflions  from  the  determinate  fabric  of  the  grand 
fyftem  or  world,  whereof  they  are  parts  ; and  thefe  are  what  I call  cofmi- 
cal,  or  fyftematical  qualities. 

I have,  already,  (lightly  touch’d  upon  this  fubjedt,  in  fhewing  the  ori- 
gin of  forms,  but  otherwife  there  than  I at  prefent  intend.  I there,  prin- 
cipally, obferve,  that  one  body  being  furrounded  with  others,  is  manifeft- 
ly wrought  upon  by  many  of  them  : but  here  I /hall  chiefly  confider  the  im- 
preflions a body  may  receive,  or  the  power  it  may  acquire  from  thofe  vul- 
garly unknown,  or  unregarded  agents,  by  which  it  is  affedted,  not  only 
upon  the  account  of  its  own  peculiar  texture  or  difpofition,  but  by  virtue 
of  the  general  fabric  of  the  world. 

The  obfervations  whereon  I found  my  notions  of  cofmical  qualities,  are 
principally  thefe. 

1.  There  are  many  bodies,  that,  in  feveral  cafes,  adl  not,  unlefs  adted  up- 
on *,  and  fome  of  them  adt  either  folely,  or  chiefly,  as  they  are  adted  on  by 
general  and  unregarded  agents. 

2.  There  are  certain  fubtile  bodies  in  the  world,  that  are  ready  to  infi- 
nuate  themfelves  into  the  pores  of  any  other,  difpofedto  admit  their  adtion, 
or  that  in  fome  way  affedt  it  *,  efpecially  if  they  have  the  concurrence  of 
other  unobferved  caufes,  and  the  eftablilhed  laws  of  the  univerfe. 

3.  A body,  by  a mechanical  change  of  texture,  may  acquire  or  lofe  a 
fitnefs  to  be  wrought  upon  by  unheeded  agents,  and,  alfo,  to  diverfify  their 
operations  on  it,  by  a variation  of  its  texture. 

Thefe  three  propofitions  I fhall  confirm  diftindfly,  by  experiments  and 
phenomena : but  as  feveral  of  the  proofs  may  each  ferve  to  confirm  more 
than  one  of  the  propofitions,  I leave  them  to  be  referr’d  thereto  occafionally. 

P p 2 To 
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Physics.  To  begin  with  the  firft  proportion. 

' P R O P.  I. 

There  are  many  bodies , that , in  fever al  cafes , aft  not , unlefs  afted  upon  ; and 
fome  of  them  aft  either  folely , or  chiefly , <2^  0#  £jy  general  and 

■ unheeded  agents. 

The  former  part  of  the  proportion  will,  Iprefume,  be  early  granted,  being 
evident  from  fuch  grofs  inftances  as  thefe,  that  a wedge  will  not  cleave  a 
block,  unlefs  forcibly  impell’d  againft  it ; nor  a knife  attradV  a needle,  unlefs  ex- 
cited by  a magnet.  But  the  fecond  will  not,  probably,  be  fo  readily  affented  to. 

We  fee  however,  1.  that  concave  fpecula,  and  convex  burning-glaHes* 
kindle  not  other  bodies,  unlefs  enabled  to  do  it  by  the  refledted  or  refradled 
beams  of  the  fun. 

2.  An  iron  bar  left  in  a window,  or  fome  other  fit  place,  in  a perpendi- 
cular pofture,  tho*  it  was  not,  when  firft  erected,  endowed  with  magnetifm, 
more  than  other  iron  bars  of  the  like  fhape  and  bignefs  •,  yet  after  it  hath 
long  flood  in  that  pofition,  it  will,  by  the  operations  of  invifible  agents,  ac- 
quire a farther  degree  of  magnetifm  than  belonged  to  it  as  a bar  of  iron,  and 
be  enabled  to  produce  fome  magnetical  phenomena,  that  it  could  not  before. 

And,  3.  a very  Bat  and  exquifitely  polifh’d  piece  of  marble,  tho*  of  itfelf 
it  hath  no  power  to  raife  any  other  dry  body  it  is  laid  upon  ; yet,  if  it  come 
to  be  carefully  applied  to  another  piece  of  marble,  as  Bat  and  fmooth  as  itfelf* 
and  of  a bulk  not  too  unwieldy,  the  upper  flone,  by  virtue  of  the  fabric  of 
the  world,  which  gives  the  ambient  air  fluidity  and  weight,  is  enabled, 
without  any  other  cement  or  faflening  inflrument,  than  immediate  contact, 
to  raife  with  itfelf,  when  lifted,  the  lower,  tho’,  perhaps,  an  hundred  times 
heavier  than  it. 

We  come  now  to  our  fecond  proportion. 

PROP.  II. 

There  are  certain  flub  tile  bodies  in  the  worlds  ready  either  to  inflnuate  them] 'elves 
into  the  pores  of  any  body  difpofed  to  admit  their  aftion  *,  or , by  fome  other 
way  to  ajfeft  it  *,  efpecially  if  they  have  the  concurrence  of  other  unobferved 
caufes , and  the  eftablifhed  laws  of  the  univerfe. 

The  antient  philofophers  thought  there  was  a more  fubtile  body  than 
common  air,  called  aether  ; and  th tCarteflans  tell  us,  there  is  fuch  a fubftance 
diffufed  throughout  the  univerfe ; which  they  call,  according  to  the  different 
fizes  of  its  parts,  fometimes  primum  • element um , and  fometimes  materia  cce - 
left  is , which  they  fuppofe  pervades  all  other  bodies,  adequately  filling  thofe 
of  their  pores  that  are  correfpondent,  in  bignefs  and  figure*  to  the  different 
portions  of  this  infinuating  matter.  That  there  may  be  fuch  a fubftance  in 
the  univerfe,  the  affertors  of  it,  will,  probably,  bring  for  proofs,  feveral  of 
the  following  phenomena.  But  whether  there  be,  or  be  not,  in  the  world* 
any  matter  that  exadlly  anfwers  to  the  defcriptions  they  make  of  their  firft 
and  fecond  elements,  I fhall  not  here  determine  ^ tho*  many  experiments 
feem  to  argue,  that  there  is  in  th#  world,  an  etherial  fubftance  very  fubtile 
and  diffufed.  But  the  invifible  agents  I fhall  here  chiefly  take  notice  of, 
will  be  the  air,  and  the  magnetical  effluvia  of  the  terreftrial  globe.  If 
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If  vou  make  il  bar  of  free!,  and  another  like  it  of  filver,  red-hot,  and  putPH  ysi  cs. 
them  to  cool  dire&ly  north  and  fouth  *,  tho*  they  be  both  adted  upon  by  the 
fam  3ent,  the  fire  ; and  tho*  the  fteel,  as  to  fenfe,  feems  fuch  as  it  was  before ; 
yet  the  texture  of  thefe  two  metals  being  different,  the  filver  acquires  no 
new  quality  by  what  hath  been  done  to  it ; but  the  ignition  of  the  fteel  ha- 
ving open’d  its  pores,  and  made  its  parts  more  pliable  ; as  may  be  argued 
from  the  fwelling  of  iron  heated  red-hot,  and  its  foftnefs under  the  hammer; 
it  is  eafily,  whilft  it  lies  north  and  fouth,  pervaded  by  the  magnetical  efflu- 
via of  the  earth,  which  glide  perpetually  through  the  air  from  one  pole  to 
another  ; and  by  the  paflage  of  thefe  fteams,  it  gains  a magnetical  property, 
which  fome  call  polarity,  whereby,  being  freely  fufpended,  and  exactly 
poifed,  it  will,  as  it  were,  fpontaneoufly  diredl  itfelf  north  and  fouth,  and 
exercife  fome  operations  peculiar  to  magnetical  bodies.  Nay,  the  earth  has 
a power  to  impart,  in  fome  cafes,  a directive  faculty  to  the  load-ftone  itfelf. 

For  having,  by  ignition,  deprived  an  oblong  magnet  of  its  former  attradlive 
power,  by  taking  it  red-hot  out  of  the  fire,  and  fuffering  it  to  cool  north 
and  fouth,  I could,  at  pleafure,  by  placing  either  end  northward  or  fouth- 
ward,  whilft  the  ftone  was  cooling,  make  what  end  I pleas’d,  point  to  the 
north  pole  ; and  when  it  had  done  fo,  I could,  by  a new  ignition,  and 
cooling  of  it  in  a contrary  pofition,  make  the  fame  end  of  the  ftone  become: 
its  fouth-pole. 

If  you  take  a capacious  glafs  vial,  with  a (lender  neck  ending  in  a fflarp 
angle,  with  only  a pin-hole  left  open  at  the  apex,  and  by  fudtion,  or  other- 
wife,  free  it  from  as  much  of  the  included  air  as  you  can  ; and  then,  hav- 
ing (topp’d  this  hole  with  your  finger,  you  immerfe  it  deep  under  water, 
and  withdraw  your  finger,  the  water  will,  contrary  to  its  own  gravity,  fpring 
up  with  violence  to  a great  heighth  into  the  cavity  of  the  vial : which  mo- 
tion of  a heavy  liquor  upwards,  cannot  be  afcribed  to  the  motion  of  the 
finger,  for  that  did  but  unftop  the  orifice,  and  not  impel  up  the  water  ; nor 
need  it  be  attributed  to  nature’s  abhorrence  of  a vacuum,  which  it  is  alto- 
gether unnecefifary  to  have  recourfe  to  in  this  cafe  ; the  prefiure  of  the 
ambient  air,  proceeding  from  its  weight  upon  the  furface  of  the  water,  be- 
ing fufficient  to  force  up  that  liquor  into  the  vial,  in  which  the  remaining 
air,  by  being  rarified,  upon  the  abfence  of  a large  part,  hath  its  fpring  too 
much  weaken’d  to  refill  the  prefiure  of  the  outward  air,  as  before  : but  if 
this  experiment  were  try’d  in  vacuo , the  water  would  not  rife,  there  being 
no  outward  agent  to  impel  it. 

I had  once  occafion  to  pluck  fome  beans  and  peafe,  out  of  the  ground 
where  they  grew,  and  after  having  taken  notice  of  their  fwelling  upon  im- 
bibing the  moifture  of  the  foil,  and  of  their  way  through  the  earth,  not 
only  upwards  with  their  ftems,  but  downwards  with  their  roots  ; I thought 
fit  to  try  with  what  force  the  caufes  of  their  intumefcence  endeavour’d  to 
dilate  them.  Upon  this,  I fill’d  feveral  ftrong  vials  and  bottles,  with  horfe- 
beans,  the  intervals  between  the  beans  being  fill’d  with  water,  and  the 
vefiels  exadtly  (lopp’d  with  corks,  ftrongly  ty’d  down,  that  nothing  might 
get  out : for  I fuppos’d,  that  the  water  foaking  into  the  pores  of  the  beans, 

would 
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Physics,  would  alter  the  figure  of  the  pores,  and  produce  in  them  an  endeavour  to 
fwell,  which  being  check’d  by  the  tides  and  floppies  of  the  vefTels,  would 
difcover,  whether  that  endeavour  were  fo  forcible  as  I fufpe<5led.  The  fuc- 
cefs  was,  that  inoft  of  thefe  vefTels,  whether  of  glafs  or  earth,  were  burft 
afunder  *,  the  firings  wherewith  the  floppies  were  ty’d,  breaking  in  the 
others. 

To  make  a nearer  efiimate  of  the  expanfive  force  of  the  fwelling  beans, 
we  put  a convenient  quantity  of  them  into  a firong  hollow  cylinder  of  brafs, 
whofe  cavity  was  fix  inches  in  length,  and  two  in  diameter ; then  having 
pour’d  in  water  enough  to  reach  the  top  of  the  beans,  we  put  into  the  upper 
part  of  the  cylinder,  which  was  purpofely  left  unfill’d,  a wooden  plug  made 
fit  for  the  orifice,  but  a little  narrower,  that  it  might  move  freely  up  and 
down,  tho’  the  water  fhould  make  it  fwell.  At  the  top  of  this  plug,  was 
left  a thick  piece  of  wood,  broad  and  round,  whereon  wre  placed  a common 
half  hundred  weight,  which  yet  could  not  deprefs  the  plug  too  low,  being 
hinder  ’d  by  the  breadth  of  the  round  piece  of  wood.  Laftly,  having  kept 
the  cylinder  in  a quiet  place,  for  a fit  time,  which  is  fometimes  two  or  three 
days,  more  or  lefs,  according  to  the  temperature  of  the  air,  and  quantity  of 
the  included  matter,  we  obferv’d,  that  the  fwelling  beans  had  very  manifeflly 
rais’d  the  plug,  and  the  incumbent  weight,  beyond  the  former  flation. 

I was  willing  to  try  whether  this  force  would  not,  in  cylinders  of  diffe- 
rent fizes,  be  increas’d  in  a duplicate  proportion  to  that  of  their  diameters  •, 
but  could  not  make  fuch  an  experiment  as  I defir’d.  I difcover’d,  how- 
ever, that  the  preffure,  upwards,  was  very  much  greater  in  wide  cylindri- 
cal vefTels,  than  in  narrow  ones ; for,  having  put  a convenient  quantity  of 
dry’d  beans,  into  a metalline  cylinder,  not  fix  inches  deep,  nor  four  broad  ; 
when  the  included  beans  began  to  fwell,  they  manifeflly  rais’d  fuch  a plug 
as  we  juft  defcrib’d,  clogg’d  with  above  an  hundred  pound  weight. 

Whether  this  may  pafs  for  a new  phyfical  moving  power,  I fhall  not  de^ 
termine  \ and  leave  it  to  be  confider’d,  whether,  by  mechanical  contrivances, 
fo  great  a force  as  might  this  way  be  produced  *,  and  which  flowly,  and  fi- 
lently  proceeds,  till  it  hath  attain’d  its  utmoft  energy,  and  is  capable  of  be- 
ing convey’d  into  bodies,  without  working  any  effe<ft  before  the  due  time, 
may  not,  in  fome  cafes,  be  applicable  to  ufeful  purpofes. 

We  might  here  obferve,  that  the  air,  with  the  aether  harbour’d  in  its  pores, 
may,  by  its  conftant  prefence,  or  by  its  being  always  at  hand,  and  ready  to 
infinuate  itfelf,  wherever  it  can  get  admittance,  concur  to  the  produ&ion  of 
feveral  phenomena,  where  its  co-operation  has  not  been  fufpedted  by  phi- 
lofophers.  For  the  prefence  of  the  air,  to  prefs  upon  the  fuperficies  of  li- 
quors, is  fo  requifite  in  ftuftion,  that  they  will  not,  thereby,  be  made  to 
afcend  without  it  *,  and  fome  bodies  will  not,  readily,  be  brought  to  pu* 
trefa&ion,  if  the  air  be,  a- while,  carefully  excluded.  Nay,  the  light 
which  appears  in  fome  rotten  woods,  and  in  putrefied  fifh,  fo  much  de- 
pends upon  the  prefence  of  the  air,  as  to  difappear,  if  that  be  quite  with- 
drawn from  them ; but  when  reftored  to  the  contaft  of  the  air,  they  will, 
again,  ftiine  as  before. 

But, 
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But,  befides  what  the  air,  and  the  more  fubtle  matter  mix’d  with  it,  does  Physics, 
as  a fubftance,  it  may  perform  feveral  things  upon  other  accounts  ; as  its 
finer  parts  may  be  infenfibly  moved  in  ftrait  lines,  or,  as  it  is  the  fubjedt  of 
fwarms  of  corpufcles,  put  into  peculiar,  tho’  invifible  motions.  For  in- 
ftance;  if  I take  a fheet  of  paper,  and  rub  it  over  with  oil ; that  which  the 
liquor  apparently  does,  is  only  to  pierce  or  foak  into  the  pores  of  the  paper; 
which  before  did,  by  their  crookednefs,  or  upon  fome  other  mechanical 
account,  render  the  paper  opake.  But  this  infinuation  of  the  undluous  body 
into  the  pores,  having  alter’d  them  as  to  figure,  fize,  or  both;  and  by  that 
alteration  given  the  paper  a texture  difpofed  to  allow  due  pafifage  to  the 
corpufcles  of  light ; the  motions,  or  invifible  corpufcles  of  the  air,  depend- 
ing upon  the  conftitution  of  the  world,  prefently  adt  upon  the  paper,  and 
produce  beyond  it,  both  a fenfation  of  light,  and  the  reprefentations  of  a> 
multitude  of  objects,  whence  the  light  refledte,  and  which  could  not  be  feen 
thro*  it  before. 

If  a box  be  fo  contriv’d,  that  there  may  be,  towards  one  end  of  it,  a fine 
jfheet  of  paper,  ftretch’d  like  the  leather  of  a drum-head,  at  a convenient 
diftance  from  the  remoter  end  ; where  there  is  to  be  left  a hole  fitted  for  the 
purpofe ; you  may,  at  a little  hole  left  at  the  upper  end  of  the  box,  fee  upon 
the  paper,  very  lively  and  pleating  reprefentations,  not  only  of  the  mo- 
tions, but  lhapes  and  colours  of  external  objedh.  And,  fince  upon  turning 
this  inftrument,  or  Camera  obfcuray  any  way,  new  objects  every  where  arife, 
and  fometimes  new  landfcapes  upon  the  paper ; there  muft  be,  all  daylong,, 
in  all  parts  of  the  air  where  this  phenomenon  is  exhibited,  either  certain 
effluvia , emitted  on  all  tides  of  the  objedts,  or  certain  motions  of  infenfible 
corpufcles,  which,  rebounding  firft  from  the  external  objedV,  and  then  from' 
the  paper,  produce  in  the  eye,  the  images  of  thefe  objedts:  fo  that  the  air 
is  every  where  full  of  vifible  fpecies,  which  cannot  be  intelligibly  explain’d*  < 
without  the  local  motions  of  fome  minute  corpufcles,  that,  whilft  the  air  is 
enlighten’d,  are  always  palling  thro?  it. 

I include  the  eftablifh’d  laws  of  the  universe  in  our  fecond  propofition, 
as  a part  Qf  the  prefent  conftitution  of  our  fyftem  ; becaufe  fome  of  thofe 
laws  greatly  contribute  to  -the  operation  of  the  unheeded  eaufes  we  are 
treating  of.  Thus,  for  inftance,  if  you  take  a bar  of  iron,  and  holding  it 
perpendicularly,  apply  the  lowed  part  of  it  to  the  northern  point  of  a 
well-poifed  magnetical  needle,  the  bar  will  prefently  drive  it  away ; but 
that  magnetifm,  by  which  the  bar  does  this,  as  ’tis  prefently  acquired  by 
the  pofture  it  had,,  fo  ’tis  as  fuddenly  changed,  if  you  invert  that  pofture  ; 
for  if  you  .hold  the  bar  perpendicularly  under  the  needle,  fo  that  the  fame 
part,  which  before  was  placed  diredtly  over  the  north  point  of  the  needle, 
comes  diredtly  under  the  fame  point;  the  bar  will  not,-  as  before,  repel,  but 
attradl  it : but  if  this  bar  has  been,  for  a long  time,  kept  in  an  eredt  pofture; 
as,  if  it  be  taken  from  fome  old  window,  or  if  having  been  heated  and 
cooled,  it  has  very  long  lain  north  and  fouth  ; it  will  appear  endow’d  with 
a.  ftronger  and  more  durable  verticity  ; which  feemsto  proceed  from  hence, 
that,  by  lying  north  and  fouth,  it  lay  in  the  way,  which,  according,  to  the 
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Ph  ysics.  eftabliftftd  laws  of  nature,  the  magnetical  effluvia  of  the  earth  muft  pals  along 
in  dreams  from  pole  to  pole  ; whereby  they  have  the  opportunity  gradu- 
ally to  work  upon  the  pores  of  the  iron  in  their  courfe,  and  fit  them  to  give 
paffage  to  the  effluvia  of  magnetical  bodies  *,  in  which  fitnefs  the  magnetifm 
of  iron  feems  principally  to  confifl : but  if  this  metal  had  all  the  while  lain 
eaft  and  weft,  inftead  of  north  and  fouth,  it  would  have  acquired  no  mag- 
netical virtue.  And  the  reafon  why  an  erecft  pofture  gives  a rod  of  iron  a 
power  to  drive  away  the  north  point  of  the  needle,  is,  probably,  this  ; that 
the  lower  end,  being  nearer  the  earth,  more  plentifully  participates  of  the 
magnetic  effluvia , which  fly  in  a clofer  order  there,  than  farther  off;  and, 
by  powerfully  aflfedting  that  part  of  the  iron,  turn  it,  for  a time,  into  the 
iron’s  north  pole  ; which,  according  to  magnetical  laws,  ought  to  drive 
away  the  north  pole  of  the  needle,  and  attradl  the  fouth : whereas,  if  the 
bar  being  inverted,  that  end  which  was  uppermoft  becoming  the  lower, 
muft,  for  the  fame  reafon,  have  a contrary  effecft  ; unlefs,  by  having  flood 
long,  its  verticity  be  too  well  fettled,  to  be  fuddenly  deftroy’d,  or  alter’d 
by  the  effluvia  of  fo  languid  a magnet  as  the  earth.  But  whether  this  folu- 
tion  be  juft,  or  no,  it  appears,  by  the  neceflity  both  of  a determinate  po- 
fition  of  the  iron,  and  its  long  continuance  in  that  pofition,  to  make  the 
metal  acquire  a durable  verticity,  that  thofe  unheeded  magnetical  fleams, 
which  communicate  fuch  a magnetifm  to  the  iron,  move  and  adl  according 
to  laws  eftablifh’d  in  nature  *,  which  is  all  my  prefent  defign  requires. 

To  come  to  our  third  and  la'ft  propofition. 

PROP.  III. 

A body , by  a mechanical  change  of  texture , may  acquire  or  lofe  a fitnefs  to  be 
wrought  upon  by  unheeded  agents , and  alfo  to  diverfify  their  operations  on 
it , by  a variation  of  its  texture . 

9Tis  a cuftom  at  fea,  when  the  fhip  fails  with  too  flack  a wind,  to  throw 
water  againft  the  fails.  At  the  firft,  this  may  feem  a very  improper  means 
to  promote  the  way  of  the  fhip,  fince  there  is  the  weight  of  fo  much  water 
added  to  that  of  the  veflel  •,  yet  I have  feen  the  feamen  ufe  it  as  one  of  their 
beft  expedients,  when  we  were  clofely  chafed  by  pirates : nor  ."is  it  irratio- 
nal *,  for  when  the  fails  are  dry,  a large  part  of  the  wind  that  blows  upon 
them,  eaflly  pafles  thro*  thofe  meafhes,  or  large  pores  that  are  left  between 
the  threads,  of  which  a fail  confifts  •,  but  being  wetted,  the  imbibed  water 
makes  the  threads  fwell  every  way,  and,  confequently,  much  contradls  the 
pores  or  intervals  between  them ; whence  the  wind  cannot  pafs  them  fo 
freely  as  before*,  but,  finding  a greater  refiftance  in  the  fail,  beats  more 
Forcibly  upon  it. 

But  farther,  tho*  good  common  tartar,  ufually  of  itfelf,  keeps  dry  in  the 
air,  and  will  not  eaflly  diffolve  in  cold  water  ^ yet,  if  it  be  calcined,  tho* 
but  very  moderately,  the  fait  in  the  remaining  coal,  the  texture  being  now 
altered,  will  readily  run  in  the  moift  air.  Having  heated  and  cooled  a load- 
flone,  tho*  it  had  loft  fo  little  by  the  fire,  that  the  eye  difcover’d  no  change, 

either 
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either  in  its  (hape  or  bulk  ; yet  the  operation  of  the  fire,  by  changing  the  Physics. 

invifible  texture,  fo  alter’d  the  difpofition  of  it,  with  regard  to  the  magneti-  1 

cal  effluvia  of  the  earth,  that  I could  presently  change  and  alter  the  poles  of 

the  Hone,  making  the  fame  end  point  fometimes  to  the  north,  and  fome- 

times  to  the  fouth.  The  like  change  of  verticity  I have  alfo  made  mere 

iron  capable  of,  without  the  help  of  fire,  or  any  other  magnet,  than  the 

earth  : and  I find  by  trial,  that  a certain  heavy  Hone,  ufually  thought  to 

be  not  of  a metalline  nature,  may,  by  a (light  and  quick  preparation,  that 

alters  not  its  bulk  or  fhape,  be  enabled  to  attract  and  repel  the  poles  of  a 

magnetic  needle. 

To  the  inftances  already  given  in  folid  bodies,  it  will  not  be  amifsto  add 
two  or  three  in  fluids.  If  honey  and  water  be,  each  of  them  apart,  put  into 
a convenient  veffel,  they  will  both  retain  their  nature,  and  tho’  you  (hon’d 
mix  them  together  in  an  undue  proportion,  fo  that  by  reafon  or  too  much 
honey,  the  confidence  be  too  thick  •,  or  if  by  being  diluted  with  too  large  a 
proportion  of  water,  the  folution  be  too  thin,  they  may  (till  continue  honey 
and  water  ; but  if  they  be  duly  proportion’d,  as  if  you  put  to  one  part  of 
honey,  4 or  5 of  water,  then  their  new  texture  fo  difpofes  them  to  be  abted 
on  by  the  fubtile  matter,  or  whatever  other  common  agent  nature  employs 
to  produce  fermentations,  that  the  ingredients  no  longer  continue  what 
they  were,  but  begin  to  work  like  new  mud  or  wrort : and  I have  try’d, 
that  fo  fmall  and  fliort  a local  motion,  as  that  of  a coach,  for  a while,  has  fo 
excited  fuch  a liquor,  as  to  make  it  violently  force  its  way  out  of  the  vefiel, 
or  throw  out  the  dopple.  And  an  eminent  wine-merchant,  who  lived  many 
years  in  the  Canaries , afiured  me,  he  had  there  feveral  times  obferv’d,  that 
if  a pipe  of  the  bed  fort  of  canary  were,  when  it  was  about  a month  old, 
rudely  roll’d,  tho’  but  the  length  of  a hall  or  gallery,  fo  tranfient  and 
flight  a difeompofure  of  the  texture,  would  quickly  make  fo  great  a change 
in  it,  that  often  a large  quantity  of  wine  would  be  violently  thrown  out 
at  the  bung  ; or,  if  the  pipe  were  too  clofe  dopped,  it  would  have  its  head, 
or  bottom,  beat  out. 

We  have  numerous  indances  of  the  cracking  of  common  glafs,  when  it 
is,  too  foon  after  being  removed  from  the  fire,  expofed  to  the  cold  air,  and 
the  fubtile  bodies  that  are  in  it  * which  would  not  have  crack’d  it,  if  it  had 
cooled  more  flowly,  fo  that  its  parts  might  have  had  leifure  to  fettle  into  a 
texture,  convenient  for  the  pafiage  ofthofe  fubtile  bodies;  which,  in  that 
cafe,  would  have  freely  pervaded  it.  But  I have,  fometimes,  given  a more 
quick  and  manifed  indance  of  the  importance  of  the  prefent  texture  of  a 
body,  with  regard  to  the  univerfal  and  invifible  caufes,  that  may  work  up- 
on it : for  having  heated  a plate  of  copper  red-hot,  and  then  differed  it  to 
cool  a little,  on  fome  lefs  hot  part  of  the  fire,  fo  that  it  might  not  appear  at 
all  ignited  when  removed,  to  a (heet  of  paper  ; yet,  upon  its  being  ex- 
pofed to  the  atmofphere,  the  fuperficial  part  would  not  only  crack  as  a glafs 
hadily  cooled,  but  prefently  fly  off  in  numerous  flakes,  and  not  with- 
out noife  ; fo  that,  in  a fhort  time,  I have  had  the  furrounding  part  Of 
the  paper,  on  which  the  plate  reded,  almod  quite  covered  with  little  fcales, 
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Physics,  as  it  were,  of  that  metal.  And  the  Bolonian  {tone,  by  calcination,  acquires 
this  property,  that  if  expofed  to  the  fun-beams,  or  other  ftrong  light,  it 
will,  in  a few  minutes,  appear  luminous  j and,  for  fome  time,  continue  fo 
in  the  dark. 


SECT.  X. 

Cofmical fuf-  T*  Have  had  fome  faint  fufpicion,  that  befides  thofe  more  numerous  and 
^fomeunob-  -A  uniform  forts  of  minute  corpufcles,  which  are  by  fome  of  the  modern 
few' d laws  philofophers  thought  to  compofe  the  aether,  there  may,  poiTibly,  be  fome 
and  orders  of  other  kind  of  corpufcles  fitted  to  produce  confiderable  effedls,  when  they 
stature.  find  bodies  proper  to  be  wrought  on  by  them.  But,  tho’  >cis  pofiible  that 

thefe  effedts  may  be  plaufibly  explain’d  by  the  xther,  as  *tis  already  under- 
flood ; yet,  I fufpedt  they  are  not  folely  due  to  the  caufes  affign’d  them,  but, 
in  fome  meafure,  to  the  corpufcles  above-mentioned. 

In  the  aether  of  the  ancients,  there  was  nothing  taken  notice  of  but  a 
diffufed  and  very  fubtile  fubftance  ; yet  we  are,  at  prefent,  content  to  allow, 
that  there  is  always  in  the  air  a fwarm  of  fleams,  moving  in  a determinate 
courfe  betwixt  the  north  and  fouth  poles  ; which  we  fhould  not  probably 
have  dream’d  of,  if  our  inquifitive  Gilbert  had  not  happily  found  out  the 
magnetifm  of  the  terreflrial  globe.  And  few,  perhaps,  would  have  imagin’d, 
that  when  a hunted  deer  has  fwiftly  pafs’d  over  a little  grafs,  he  fhould 
leave  upon  it  fuch  determinate,  tho’  invifible  effluvia,  as  will,  for  many 
hours,  fo  impregnate  the  air  as  to  betray  the  individual  flying  and  unfeen 
deer,  if  there  were  no  blood-hounds,  whofe  peculiar  organs  of  feent  thofe 
fleams  are  fit  to  affedl.  And  ’tis  flrange,  there  fhould  be  fuch  effluvia  for  a 
long  time  refiding  in  the  air,  that  tho’  our  fenfes  difeern  them  not,  and 
tho’  they  have  no  operation  upon  other  men  •,  yet,  if  they  meet  with  per- 
fons  of  a peculiar  temper,  who  having  formerly  had  the  plague,  thereby 
obtain  a peculiar  difipofition  that  fits  them  to  be  affedled  by  peflilential 
fleams,  they  may  fo  operate  upon  them,  that  thefe  perfons  fhall  be  able  to 
difeern  thofe  fleams  to  be  peflilential.  Above  three  months  before  the 
great  plague  began  in  London , in  the  year  1665,  there  came  a woman  to  a. 
phyfician  of  my  acquaintance,  to  defire  his  advice  for  her  hufband,  whole 
chief  diftemper,  fhe  faid,  was  a fwelling  in  his  groin  ; and  added,  that  he 
was  confident  the  plague  would  rage  vehemently  in  London  next  fu miner. 
His  reafon  was,  becaufe  in  the  lafl  great  plague  he  fell  fick  of  that  difeafe, 
and  then  had  a peflilential  tumour  ^ and  becaufe  two  other  lefs  plagues  were 
each  of  them  preceded  by  a rifing  in  his  body  •,  and  now  having  a great 
tumour  in  the  fore-mention’d  place,  he  doubted  not  but  it  would  be  fol- 
low’d by  a raging  peflilence.  This  I had  from  the  Dodlor  himfelf,  a per- 
fbn  of  great  veracity. 

Fabricius  Hildanus  records  of  himfelf,  that  having  had  a peflilential  tumour 
during  a plague  that  happen’d  in  his  youth,  if,  for  many  years  after  lie 
chanced  to  go  to,  or  even  pafs  by  a houfe  infedled  with  the  plague,  he 

was. 
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was  admonifh’d  of  the  particular  dileafe  that  reign’d  there,  by  a fenfible  Ph 
pain  in  the  part  where  his  tumour  had  been. 

That  curious  obferverof  the  phenomena  of  difeafes,  at  the  famous  fiege 
of  Breda , where  he  prattis’d  much  among  patients  affli&ed  with  malig- 
nant and  peftilential  difeafes,  was,  at  length,  himfelf  infe&ed  ; upon  which 
he  tells  us,  “ it  well  deferves  to  be  remark’d,  that  the  admonition  of  nature 
“ may  prove  very  ferviceable  in  preventing  the  plague.  I obferv’d  in 
“ mylelf,”  fays  he,  “ when  I vifited  fuch  as  were  infedted,  that  I prefently 
“ felt  a pain  in  my  groin,  or  arm -pits  ; fometimes  my  head  was  feiz’d, 

“ and  then  I lweat  in  the  night,  and  afterwards  had  three  or  four  {tools : 

“ others  alfo  allured  me,  that  the  like  happen’d  to  them.”  And  here  the 
judgment  of  thefe  two  writers,  the  profeffion  they  were  of,  and  their  relating 
things  that  often  happen’d  to  themfelves,  may  well  gain  credit  to  what  they 
fay.  Thefe  inftances,  added  to  what  has  been  already  faid,  may  make  it  pro- 
per to  confider,  whether  there  are  not  other,  and  unobferv’d  forts  of  effluvia 
in  the  air,  about  which,  to  declare  a pofitive  opinion,  is  not  what  I pre- 
tend to. 

And,  as  I take  in  the  ftrudture  and  eftablifh’d  laws  of  the  univerfe,  to 
account  for  the  cofmical  attributes  of  things  *,  I mutt  here  confefs,  that  I 
fear  we  have  not  yet  attentively  confider’d  either  of  the  number,  or  the 
kinds  of  thofe  laws. 

I am  inclined  to  think  there  may  be  a greater  number  of  the  more  ge- 
neral laws,  than  have  yet  been  diftindtly  enumerated.  When  we  fpeak 
of  the  ettabl idl’d  laws  of  nature,  in  the  more  popular  fenfe  of  that  phrafe, 

I imagine  they  may  be  juftly  and  commodioufly  diftinguilh’d  *,  fome  of 
them  being  general  rules,  that  are  very  extenfive,  and  of  greater  affinity 
to  laws,  properly  fo  call’d ; and  others  feeming  to  be  not  fo  much  general 
rules,  or  laws,  as  the  cuftoms  of  nature,  in  a particular  part  of  the 
world  ; of  which  there  may  be  a greater  number,  and  thefe  may  have  a 
greater  influence  on  many  phenomena  of  nature,  than  we  ufually  ima- 
gine. 

But  as  the  ftrudhire  of  the  world  is  a great  help  to  our  prefent  inquiry, 

I ffiall  venture  to  fay,  that  tho*  l admire  the  induftry  of  aftronomers  and 
geographers,  yet  they  have  prefented  us  rather  a mathematical,  than  a phy- 
flcal  hypothefis  of  the  univerfe  ; having  fhewn  us  the  magnitudes,  fitua- 
tions,  and  motions  of  the  fix’d  ftars,  and  the  planets,  without  being  feli- 
citous to  declare  what  more  Ample  and  compound  bodies  the  globe  we  inha- 
bit may  confift  of.  And  as,  of  late,  the  difeovery  of  the  four  planets  a- 
bout  Jupiter,  with  the  phenomena  of  comets,  have  made  a reformation  in 
the  theory  of  the  celeftial  bodies  ; fo  future  difeoveries  may,  perhaps,  re- 
duce us  to  make  changes  in  the  grand  fyftem  of  the  univerfe  itfelf ; and  in 
that  which  we  confider  as  the  mott  important  of  the  mundane  bodies  to  us, 
the  terraqueous  globe. 

What  communication  this  may  have  with  the  other  globes  we  call  ftars, 
andwith  the  interftellar  parts  of  the  heavens,  we  know  but  very  little.  I con- 
fefs, I have  fometimes  fulpedted,  that  there  may  be  in  the  terreftrial  globe 
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Physics,  itfelf,  and  the  ambient  atmolphere,  feveral  laws,  or  cuftoms  of  nature* 
— v — ; that  belong  to  this  orb,  and  may  be  denominated  from  it,  which  yet,  feem 
to  have  been  either  unknown,  or  overfeen,  both  by  fcholaftic  and  mathe- 
matical writers. 

And,  firft,  I have  often  fufpedled,  that  there  is  in  themafsof  the  earth, 
fpme  great,  tho’  flow  internal  change  ; from  confldering,  that  almoft  in  all' 
countries,  where  obfervations  have  been  made,  there  has  a plain  and  con- 
ffderable  alteration  appear’d  in  the  variation,  or  rather,  declination  of  the 
magnetic  needle  ; which  is  the  diftance  by  which  the  needle  declines  eaft, 
ojr  weft,  from  the  true  north  pole.  Near  London , the  compafs  declined  in 
the  year  1580,  above  1 1°  •,  in  the  year  1612,  above  6 ; in  the  year  1 633, 
about  4;  and  it  has,  of  late,  been  found  to  have  little  or  no  variation. 
And,  at  a place  within  half  a league  of  London , trying  with  along  and  cu- 
rious needle,  purpofely  made  and  pois’d,  I could  fcarce  difcern  any  de- 
clination at  all : and  if  the  needle  declined  fenfibly  any  way  from  the  pole,, 
it  feern’d  to  do  fo  a little  more  towards  the  other  fide,  than  that  towards 
which  it  declined  before.  And  having  in  the  year  1669,  by  the  help  of  an 
exadl  meridian  line,  made  an  obfervation  at  London  itfelf,  with  two  infirm 
ments,  one  whereof  was  extraordinary,  and  different  from  the  other,  I 
could  not  difcern  the  declination  of  the  needle  to  exceed  half  a degree.  But 
fince  obfervations  of  this  kind  may  prove  more  conftderable,  than  we  are* 
aware  of;  and  fince  they  ought  to  be  made  at  diftant  places  ; I fhall  add, 
that  the  Cape  of  Good  Hope  being  one  of  the  moft  eminent  parts  of  the  ter- 
reftrial  globe,  an  ancient  and  moft  experienced  navigator  of  my  acquain- 
tance, affured  me,  that  when  he  was  a young  feaman,  he  obferv’d  the  varia- 
tion there  to  be  about  20  weftward  ; and  afterwards,  during  many  years  that 
he  failed  betwixt  Eaft- India  and  Europe , he  found  it  to  increafe  gradually. 
And,  as  he  learned  from  ancient  writings,  and  the  traditions  of  old  feamen, 
that,  before  his  time,  they  had  found  110  variation  at  all,  he,. about  15  years 
agoy  which  was  the  laft  time  he  took  it,  found  it,,  by  accurate  inftnu ments, . 
to  be  6°,  and  about  48 7,  fo  that  during  the  time  he  ufed  the  leas  about 
the  Cape  of  Good  Hopey  the  variation,  ftill  weftward,  had  decreas’d  near 
5°.  Hence,  I cannot  but  think  it  probable,  that  there  may  be  agents  we 
know  not  of,  that  have  a power  to  give  the  internal  parts  of  the  terreftrial 
globe  a motion,  tho’  we  cannot  yet  certainly  tell,  according  to  what  laws- 
?tis  regulated,  or  fo  much,  as  whether  it  be  conftantly  regulated  by  certain 
laws,  or  no.  And  what  other  alterations  agents  that  can  produce  a change 
ii>  the  terreftrial  globe  itfelf,  may  make  in  particular  parts  of  it,  who  can 
inform  us  ? 

We  may,  next,  confider  the  great  uncertainty,  and  irregularity  hither- 
to obferv’d  in  the  weight  of  the  atmolphere,  by  our  new  ffcatical  barome- 
ters ; and  much  more  fenfibly  by  mercurial  ones,  yet  without  having  dif- 
cover’d  the  caufes  of  fuch  confiderable  alterations  in  the  air  ; except  that, 
m genera],  they  proceed  from  fubterraneal  fleams,  whofe  influences  upon 
other  things  may  be  more,  confiderable  than  we  have  yet  had  opportunity 
to  obferve, 
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*Tis  very  remarkable,  what  M.  de  Rochfort , who  liv’d  in  Tome  of  the  Physics. 
American  iftands,  relates  about  the  hurricanes  in  thofe  parts,  viz.  that  before 
the  Europeans  came  thither,  the  inhabitants  obferv’d  they  had  thofe  fa- 
tal tempefts  once  in  feven  years ; and  no  oftner  ; afterwards  they  were 
troubled  with  them  but  once  in  fix  years ; and,  at  length,  they  grew  fo 
frequent,  that,  in  our  author’s  time,  they  return’d  every  year  ; and,  as  they 
once  obferv’d,  twice  in  one  year;  and,  afterwards,  thrice  in  another.  And, 
an  inquifitive  Gentleman,  who  had  liv’d  in  New-England , allur’d  me,  there 
was  a great  change  made  in  the  temperature  of  the  climate  of  that  country, 
it  being  grown  much  milder  than  formerly  ; as  had  been  obferv’d  for  many 
years  after  the  Englifh  planted  a colony  there : the  change  was  manifeftly 
perceiv’d  by  the  natives  ; and  appear’d,  alfo,  by  the  flow  operation  of 
the  cold  upon  the  waters,  which  were  formerly  frozen  at  particular  times. 

And,  having  the  honour  to  Hand  by  his  majefty,  when  he  receiv’d  an  ad~ 
drefs  from  New-  England , prefented  by  the  governour  of  a colony  there, 
the  king  alking  him  about  the  temperature  ol  the  air  of  that  country,  he  re- 
ply’d,  in  the  prefence  of  feveral  who  came  from  America  with  him,  that 
44  the  climate  had  much  alter’d,  and  loft  of  its  former  coldnefs,  for  feveral 
44  years,  fince  the  Englifh  fettled  there.”  Whether  this  decreafe  of  the 
fharpnefs  of  the  air  will  proceed,  or  how  long  it  will  continue,  time  muff 
difcover.  But,  fuppofing  the  matter  of  fadt  to  be  true,  and  that  the  change 
depends  not  on  any  manifeft:  caufe ; what  has  happen’d  already,  feems, 
to  me,  very  confiderable ; fince,  in  a book  intitled.  New  England? s Pro - 
fpedf,  written  by  Mr.  IVood , one  of  the  ancient  planters  of  New-England , 
there  is  this  notable  paflage.  44  In  former  times,  the  rain  came  feldom, 

44  but  very  violently,  continuing  its  drops,  which  were  great  and  many, 
w fometimes  24  hours  together,  fometimes  48  ; which  water’d  the  ground 
44  for  a long  time  after  ; but,.  of  late,  the  feafons  are  much-  alter’d  ; the 
44  rain  coming  oftner,  but  much  more  moderately,  with  lefs  thunder  and 
44  lightning,  and  fudden  gufts  of  wind.”  And,  again,  fpeaking  of  the 
heathen  natives,  he  fays,  44  they  acknowledge  the  power  of  the  Englifhmari* s 
44  God,  as  they  call  him,  becaufe  they  could  never  yet  have  the  power,  by 
44  their  conjurations,  to  damnify  the  Englifh,  either  in  body,  or  goods  •,  and, 

44  befides,  they  fay,  he  is  a good  God,  that  fends  them  fo  many  good  things ; 

44  fo  much  good  corn,  fo  many  good  cattel,  temperate  rains,  fair  feafons  , 

44  which  they,  likewife,  are  the  better  for,  fince  the  arrival  of  the  Englifh  ; 

44  the  times  and  feafons  being  much  alter’d  in  feven  or  eight  years  ; free 
44  from  lightning  and  thunder,  long  droughts, Hidden  and  tempeftuous  dallies 
44  of  rain,  and  lamentable  cold  winds.”  Hence  it  appears  that  this  decreafe 
of  the  coldnefs,  and  feverity  of  that  climate,  were  taken  notice  of  many 
years  ago  •,  for  ’tis  no.w-  35  years  fince  this  book  waspublifh’d. 

Magnet  us  tells  us,  in  his  treatife  of  manna,  that,  in  the  country  he  calls' 

Cenotria , there  was.  no  manna  to  be  found  a little  above  three  hundred 
years  ago.  And  that  in  Calalrria  itfelf,  which  furnifhes  a great  part  of 
Europe  with  that  drug,  ’tis  but  two  ages  fmce,  or  thereabouts,  that 
manna  has  fallen..  ’Tis  ferioufly  affirm’d  to  me,  by  fober  perfons,  from 

their 
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lcs.  their  own  experience,  that  the  fpots  made  in  linen,  by  the  juices  of  fruit, 
and  particularly  of  red  currans  in  (training  bags,  will  belt  wafh  out,  and 
fcarce  other  wife,  at  that  time  of  the  year,  when  thofe  fruits  are  ripe  the  en- 
filing  year. 

The  ingenious  French  writer  of  the  hiftory  des  IJlcs  Antilles , where  he 
lived  feveral  years,  fpeaking  of  the  fruit  they  there  call  Acajou , tells  us,  that 
the  juice  of  fome  of  the  internal  parts  of  it,  tho’  reputed  an  excellent  re- 
medy in  fainting  fits,  is  of  inch  a nature,  that  if  it  chance  to  fall  upon  a 
piece  of  linen,  it  turns  to  a red  fpot,  that  lafts  till  the  tree  comes  to  be  again 
in  flower  *,  which  phenomena,  (if  the  length  of  time,  and  the  heat  and  tem- 
perature of  the  air,  ufual  in  the  feafons  of  producing  bloflfoms,  and  ripen- 
ing of  fruits,  be  found  to  have  little  fhare  in  their  caufe)  may  prove  of  fome 
ule  in  our  prefent  inquiry. 

Whatever  be  the  true  caufe  of  the  ebbing  and  flowing  of  the  fea,  yet,  at 
fpring-tides,  the  motions  of  lucli  vaft  mafles  of  matter,  as  the  great  ocean, 
and  mod:  of  the  feas,  are  fo  conftantly  co-incident  with  the  new  and  full- 
moon  *,  and  the  more  ftupendous  fpring-tides  have  been,  in  mod  places,  fo 
long  obferv’d  to  happen  regularly  about  the  equinox,  that  it  is  worth  an 
enquiry  whether  thefe  conlpicuous  phenomena  may  not,  fomewlvat  confirm 
the  conjectures  we  are  difcourfing  of. 

And,  recollecting  how  many  queftions  I have  put  to  navigators,  about 
the  luminoufnefs  of  the  fea,  which,  in  fome  places,  fhines  in  the  night,  as 
far  as  the  eye  can  reach  *,  at  other  times  and  places,  only  when  the  waves 
dafh  againft  the  veflel,  or  the  oars  ft r ike  and  cleave  the  water  i that  fome 
feas  fliine  often,  and  others  have  not  been  obferv’d  to  fhine  •,  that,  in  fome 
places,  the  fea  has  been  obferv’d  to  fliine,  when  particular  winds  have 
blown,  whilft,  in  other  feas,  the  obfervation  holds  not  •,  and  that  in  the  fame 
tradt  of  fea,  within  a narrow  compafs,  one  part  of  the  water  will  be  lumi- 
nous, whilft  the  other  is  dark  : I lay,  recolledting  many  of  thefe  odd  pheno- 
mena, which  have  been  told  me  by  very  credible  eye-witnefles,  I am  tempt- 
ed to  fufpedt,  that  fome  cofmical  law,  or  cuftom  of  the  terreftrial  globe  ; or, 
at  leaft,  of  the  planetary  vortex,  may  have  a confiderable  fhare  in  the  pro- 
duction of  fuch  e fleets. 

Nor  am  I fure,  that  fome  fubterraneal  change,  or  fome  yet  unobferv’d 
commerce  between  the  earth,  and  other  mundane  globes,  has  not  an  inte- 
reft  in  the  origin,  continuance,  and  ceflation  of  thofe  difeafes  the  phyficians 
call  new,  which  invade  whole  countries,  and  fometimes  greater  portions  of 
the  earth,  and  laft  very  many  years,  if  not  fome  ages,  before  they  become 
extindt. 

I fhall  mention  but  two  fiufpicions  more,  about  the  eftablifh’d  laws  and 
cuftoms  of  nature.  The  firft  is,  that  I doubt  thofe  thought  the  grand  rules, 
whereby  things  corporeal  are  tranfadled  •,  and  which  fuppofe  the  conftancy 
of  the  prefent  fabric  of  the  world,  and  a regular  courfe  of  things,  are  not  alto- 
gether fo  uniformly  comply’d  with,  as  we  prefume  *,  at  leaft,  as  to  the  lines, 
according  to  which,  the  great  mundane  bodies  move,  and  the  boundaries  of 
their  motions.  For  what  reafon  the  wife  author  of  nature  pleas’d  to  permit, 
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that  fhe  ftiould  be  fometimes,  as  it  were,  over-ruled  by  the  exorbitant  mo- Physics. 

tions  of  bodies,  I muft  not,  in  this  place,  enquire:  but,  when  I confider  — — ' 

the  nature  of  brute  matter,  and  the  vaftnefs  of  the  bodies  that  make  up  the 
world  *,  the  ftrange  variety  of  thofe  bodies  which  the  earth  comprizes, 
and  others  of  them  may  well  be  prefum’d  to  contain  ; and  when  I,  likewife, 
confider  the  fluidity  of  that  vafl  interftellar  part  of  the  world,  wherein  thele 
globes  lwim  ; I cannot  but  fufpedt,  there  may  be  lefs  of  accuracy,  and  of 
conftant  regularity,  than  we  have  been  taught  to  believe,  in  the  ftrudture  of 
the  univerfe.  And,  to  pafs  by  the  irregular  motion  of  the  fun,  whence,  by 
the  obfervation  of  the  exa<fteft  aftronomers,  natural  days  are  not  all  of  equal 
length  ; this  bright  luminary,  from  time  to  time,  not  only  vomits  out 
great  quantities  of  opake  matter,  call’d  his  fpots,  fome  of  them  bigger,  per- 
haps, than  Europe , or  Afia , but  has  had  almoft  his  whole  face  fo  darkened 
with  them,  that,  for  a year  together,  he  fuffer’d,  as  it  were,  an  eclipfe. 

Add  to  this,  the  comets,  their  number,  vaftnefs,  duration,  odd  motions, 
and  other  phenomena  *,  and  ’twill  appear,  that  even  in  the  celeftial  part  of 
the  world,  all  is  not  fo  regular  and  unvariable,  as  men  have  been  made  to 
believe. 

I might  here  declare,  that  with  regard  to  certain  black  and  white  clouds, 
faid  to  move  as  regularly  in  the  antardtic  hemifphere,  as  the  neighbouring 
ftars  themfelves,  I have  been  allur’d,  by  the  captain  of  an  Eaft-India  lhip, 
who  lately  ventur’d  upon  unfrequented  parts  of  the  fouth-fea,  that  he  had 
often  feen,  in  the  fouthern  hemifphere,  in  the  complement  of  the  circle  of 
the  milky-way,  two  or  three  places  appearing  like  clouds  that  moved  with 
the  white  part  of  the  circle,  regularly  about  the  earth  in  24  hours.  Bur, 
by  his  account,  I fufpedt,  that  the  black  clouds,  faid  to  appear  in  this 
quarter,  are  no  more  than  a kind  of  perforations,  or  parts  of  the  azure  Iky 
in  the  milky-way  •,  for,  the  colour  oi  them,  he  faid,  was  not  black,  but  a 
deep  blue.  The  white  clouds,  called,  alfo,  the  Magellanic  clouds,  he  faid, 
he  had  often  feen  towards  the  fouth-pole,  moving  about  it  in  24  hours  ; 
and  that  he  began  to  difcover  them  in  about  180  fouth  latitude  ; that  they 
were  really  white,  and  three  in  number,  tho’  two  of  them  be  near  each 
other  •,  the  greateft  lying  far  from  the  fouth-pole*,  but  the  other,  not  many 
degrees  more  remote  than  the  confpicuous  ftar,  faid  to  be  neareft  the  fame 
pole  *,  that  is,  about  1 1°  diftant  from  it  ^ tho’  there  is,  alfo,  faid  to  be  one 
of  the  fifth  magnitude,  not  30  diftant  therefrom.  But,  perhaps,  thefe  fup- 
pofed  clouds,  if  view’d  thro’  a good  telefcope,  would  appear  to  be  conftel- 
lations  of  fmall  ftars,  fingly  invifible,  like  thofe  in  the  galaxy,  the  belt  of 
Orion , &x\ 

On  the  other  hand,  we  may,  perhaps,  take  fuch  things  for  exorbitan- 
ces and  deviations  from  the  fettled  courfe  of  nature,  as,  if  long  and  atten- 
tively obfcrv’d,  will  be  periodical  phenomena  of  very  long  intervals.  But, 
becaufe  men  have  not  lufficient  fkill,  and  curiofity  to  obferve  them,  nor  a 
life  long  enough  to  be  able  to  take  notice  of  a competent  number  of  them,, 
they  readily  conclude  them  to  be  but  accidental  extravagancies,  that  fpring 
not  from  any  fettled,  and  durable  caufes.  For,  the  world,  like  a great  ani- 
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Physics,  mal,  producing  i'ome  effefts  but  at  determinate  feafons;  if  the  firft  man. had 
-nr" — i lived  but  one  year  in  the  world,  he  would,  perhaps,  have  thought  the  blof- 
foming  of  trees  in  the  fpring,  and  their  bearing  fruit  in  the  fu miner,  acci- 
dental *,  and  have  look’d  upon  an  eclipfe  of  the  fun,,  as  a prodigy  of  nature  ; 
obferving,  that  though  at  every  new  moon,  the  fun  and  (he  came  very  near 
together  *,  yet  neither  before,  nor  after,  was  there  any  fuck  terrible  pheno- 
menon confequent  thereupon.  And  we  ourfelves  may  eafiiy  remember 
what  ftrange  conjectures  we  had  of  the  feveral  various  appearances  of  Saturn , 
for  feveral  years  after  our  telefcopes  firft  difcover’d  them. 

But  molt  remarkable  is  that  celcftial  phenomenon,  afforded  us  by  the 
emerging,  difappearing,  and  re-appearing  ftars  of  this  age,  which  have  been 
obferv’d  in  the  girdle  of  Andromeda , and  in,  or  about  the  fwan’s  breafl  •, 
and,  efpecially  that,  which  having,  about  25  years  ago,  appear’d  for  awhile, 
in  the  whale’s  neck,  among  the  fixed  ones,  and  afterwards,  by  degrees,  dif- 
appear’d,  was  look’d  upon,  by  the  aftronomers  of  that  time,  who  did  not 
out- live  it,  as  a comet : but,  afterwards,  an  ingenious  Englifh  gentleman,  of 
my  acquaintance,  having  obferv’d  here,  the  return  of  the  like  phenomenon, 
in  the  fame  part  of  the  heavens,  it  caus’d  much  wonder : fince  when,  the 
famous  Bullialdus , and  others,  have  taken  notice  of  it,  in  the  fame  place. 
Now,  thefe  obfervations,  and  efpecially,  the  laft  difappearance  of  a ftar, 
judg’d  to  have  been  plac’d  among  the  fixed  ones,  and  eftimated  to  be  of  the 
4 th  magnitude,  have  lomewhat  confirm’d  me  in  the  fufpicion  I am  now  upon. 
For,  if  this,  and  the  other  new  ftars,  continue  to  return,  periodically,  to  the 
fame  part  of  the  heavens,  where  they  have  been  already  feen,  as,  at  lead,  in 
this  its  gradual  increafe,  after  it  began  to  fhew  itfelf,  and  decreafe  after- 
wards, feem  to  promife  ; then  I may,  with  more  probability  than  before, 
fufpeCt  that  there  are  vortices  beyond  the  furface  of  w hat  we  call  the  firma- 
ment : which  fufpicion,  if  true,  would  much  diferedit  the  hypothefis  we 
now  have  about  the  fyftem  of  the  world  ; and  favour  what  I conjefitur’d,  as 
pofiible,  about  periodical  phenomena.  However,  if  either  the  new  ftar, 
without  departing  from  its  place,  be  only  fometimes,  by  degrees,  over- 
fpread,  and  hid  by  fpots,  like  thofe  of  the  fun,  which  are  afterwards,  alfo, 
diflipated  ; or  if  it  have  a dark  hemifphere,  as  well  as  a light  one  \ or  ra- 
ther a greater  part  of  its  globe  obfeure,  than  luminous,  as  Bullialdus  in- 
genioufiy  conje&ures,  and  by  turning  (lowly  about  its  own  axis,  fometimes 
obverts  to  our  eyes  its  luminous,  and  fometimes  its  dark  part ; there  will 
be  reafon  to  queftion,  the  great  uniformity  imagin’d  in  the  ceieftial  bodies, 
and  motions  *,  and  to  countenance  what  has  been  propos’d  about  periodical 
mutations  in  the  mundane  globes  j efpecially  fince  thefe  phenomena  argue, 
that  even  thofe  ftars  we  call  fix’d,  and  have  look’d  upon  as  invariable,  are 
fubjeCt  to  mutations  great  enough  to  be  taken  notice  of  by  our  naked  eyes, 
at  lb  immenfe  a diftance. 
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Fundamental  Experiment 

MADE  WITH 

nitre. 


SAlt-petre,  either  in  its  rudiments,  or  difguizes,  is  to  be  found  in  fo 
great  a number  of  compound  bodies,  that  it  feems  to  be  the  moil 
univerfal  of  falts  *,  and,  confequently  deferves  the  fh  idt  ft  examina- 
tion, in  order  to  difcover  the  nature  of  other  bodies,  and  to  improve 
fieveral  parts  of  natural  phllofophy. 

Having  by  the  ufual  way  of  folution,  filtration,  and  coagulation,  reduced  Theexper 
common  nitre  into  cryftals,  we  put  four  ounces  of  it,  thus  purified,  into 
a ftrong  new  crucible;  wherein  we  melted  it  into  a limpid  liquor,  and, 
whilft  it  was  in  fufion,  caft  into  it  a fmall  live  coal,  which  prefently  kindled 
it,  and  made  it  boil,  hifs,  and  flafh  for  fome  time  : after  this,  we  caft  in 
another  glowing  coal,  which  made  it  fulminate  a-frefh  *,  and,  after  that,  a 
third,  and  a fourth  •,  and  fo  continued  the  operation,  till  the  nitre  would 
neither  fulminate,  nor  be  kindled  any  more.  Then  we  continued  to  keep  it 
in  a ftrong  fire  for  above  a quarter  of  an  hour,  that  if  any  volatile  part 
fhould  yet  remain,  it  might  be  forced  off.  And  now  taking  out  the  cruci- 
ble, and  breaking  it,  whilft  it  was  hot,  we  divided  the  remaining  fixed  nitre, 
into  two  equaj  parts,  and  diffolved  one  in  as  much  fair  water  as  would  juft 
fufficefor  that  purpofe  ; then  dropp’d  on  it  fpirit  of  falt-petre,  till  the  ebul- 
lition ceas’d  ; and,  after  filtration,  expos’d  it  in  an  open  vial  to  the  air : and 
to  the  other  portion,  not  diffolved,  we  dropp’d,  likewife,  of  the  fame  fpi- 
rit, till  the  hilling  and  ebullition  wholly  ceas’d  ; and  then  expofedthis,  alfo, 
to  the  air,  with  the  former.  The  event  was,  that  the  mixture  wherein 
we  employ’d  fair  water,  Jfhot,  in  a few  hours,  to  the  lower-part  of  the  Tides 
of  the  glafs,  fome  faline  particles,  which  feem’d,  by  their  form,  to  be  falt- 
petre  •,  amongft  which,  neverthelefs,  there  appear’d  to  fwim  very  little 
grains  of  fome  other  kind  of  fait.  The  cryftals  were,  the  next  day,  taken 
out,  being  by  that  time,  grown  fomewhat  larger,  and  more  numerous  *, 
and,  upon  trial,  they  difcover’d  themfelves  to  be  truly  nitrous,  both  by  their 
Vol.  I.  R r burn- 
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Ph  ys ics.  burning  and  fhape.  The  figure  of  the  cryftals  of  refin’d,  unanalyz’d  nitre, 

I found,  upon  examination,  to  be  not  cylindrical,  but  each  appear’d  to 
have  fix  flat  fides,  of  unequal  breadth  •,  any  two  of  the  oppofite  ones,  be- 
ing commonly  parallel.  The  remaining  liquor,  being  pour’d  into  an  open 
glafs,  and  left  in  the  fame  window,  continued  for  five  or  fix  days  without 
any  confiderabie  alteration  ; but,  at  the  end  of  that  time,  there  began  to  ap- 
pear very  fine  cryftalline  Stiria  of  petre,  which  gradually  grew  more  nu- 
merous fora  fortnight  longer.  A great  part  of  the  other  mixture,  wherein 
no  water  was  employ’d,  fubfided  in  the  form  of  fait,  over  which  there  fwam 
a little  liquor,  that  feem’d  to  keep  the  fubfiding  particles  from  congealing 
into  one  coherent  mafs  ; and  part  of  this  fait,  being  taken  out,  and  dried  in 
the  air,  appear’d  not  very  regularly  figur’d,  yet  refembled  the  fhape  of  falt- 
petre  ; and,  caft  on  a quick  coal,  imitated  the  deflagration  proper  to  nitre. 
The  remaining  part  of  this  fait,  together  with  the  liquor  fwimmingupon  it, 
we  kept,  for  about  a month,  in  the  open  air,  without  difeerning  any  change, 
till  towards  the  latter-end  of  that  time,  when  it  coagulated  into  fm all  faline 
mafTes,  whofe  figures  were  not  difeernibie  *,  and  therefore,  difiolving  the 
whole  in  a little  fair  water,  and  filtring  it,  we  found  after  evaporation,  a- 
bout  one  half  of  the  fait  fhot  into  fine  cryftals,  figured  like  thofe  of  petre,  tho* 
fomewhat  different  in  tafte,  but  burning  upon  a live  coal  like  them:  and  the 
remaining  half  of  this  folution  being  haftily  exhaled,  let  fall  its  fait  in  a 
figure  not  reducible  either  to  that  of  falt-petre,  or  of  any  other  determi- 
nate kind. 

Obferwthns  To  render  this  experiment  the  clearer,  let  it  be  obferv’d,  (1.)  That  a frefh 
upon  making  coal  [s  not  to  be  thrown  in,  till  the  detonation,  occafion’d  by  the  for- 
t be  experiment.  mer^  aimoft  ended,  unlefs  the  matter  blows  that  too  foon  out  of  the 
crucible.  (2.)  That  the  fpirit  of  nitre  requifite  to  be  dropp’d  on,  amounts 
not  quite  to  fo  great  a weight  as  the  falt-petre  lofes  in  its  detonation. 
(3  ) That  the  fixed  nitre,  thus  made,  differs  but  very  little  from  vulgar 
filt  of  tartar,  in  lixiviate  tafte,  in  its  aptnefs  to  attract  the  moifture  of  the 
air,  and  its  other  more  obvious  qualities  ; only,  as  fait  of  tartar  is  white, 
this  was  of  a deep  colour,  betwixt  blue  and  green,  which  yet,  upon  the  af- 
fufion  of  the  fpirit  of  nitre,  vanifh’d  *,  tho’  fome  fort  of  calcin’d  nitre  will,, 
ofitfelf,  obftinately  retain  that  colour. 

But,  for  a more  expeditious  way  to  re-produce  nitre,  we  run  its  fixed  fait 
tier  deliquitiMy  which,  after  filtration,  immediately  fhot,  with  the  fpirit  of 
nitre,  into  true  nitrous  cryftals : but  becaufe,  in  dry  weather,  this  fait  is 
long  m running,  we  have  done  the  fame  thing  with  a folution  of  fixed  nitre, 
fair  water,  and  fome  portion  of  the  fpirit.  And  left  it  fhould  be  fufpedted, 
that  thefe  cryftals  proceeded  from  fome  particles  of  nitre,  yet  lurking  in  the 
fait  after  fixation,  we  have  produced  the  fame  from  common  pot-afhes,  and 
Aqua  fortis. 

Hence  we  fee,  that  motion,  figure,  and  difpofition  of  parts,  with  the 
^rcmthelxpe- Primary  and  mechanical  properties  of  matter,  fuffice  to  produce 
' Ament,  as  to  thofe  more  fecondary  affetftions  of  bodies,  which  are  called  fenfible  qua- 
the  can fe  of  fities.  And  to  begin  with  heat  and  cold  * it  is  commonly  fuppofed,  that 

beat  and  cold.  fait 
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falt-petre  is  one  of  the  coldeft  bodies  ; yet  the  parts  of  it,  viz.  its  fpirit  and  Ph 
fixed  fait,  put  together,  immediately  agitate  each  other,  with  vehemence,  v — 
and  produpe  a great  heat  •,  as  if  that  quality  were  nothing  but  a various, 
and  b.riik  motipn  of  the  minute  particles  of  bodies : for  the  heat  continued 
as  lqng  as  this  confufed  agitation  lafted,  and  with  that  agitation  it  increa 
fed,  or  abated  ; and  at  length,  when  the  motion  ceafed,  the  heat,  alfp, 
vanifhed. 

Upon  the  mixture  of  the  two  above-mention’d  liquors,  there  was,  alfo,  Sounds 
produced  a very  audible  found,  not  unlike  that  of  a live  coal  in  water  i 
and  this  hiding  was  accompanied  with  an  effervefcence  and  boiling,  till  the 
bubbles  were  ready  to  flow  oyer  the  veflfel.  The  found  feem’d  to  proceed 
from  the  fudden  and  fmart  percuflions  of  the  air,  made  by  the  fwift  and 
irregular  motion  of  the  particles  of  the  liquors  i for  it  increafed  and  grew 
faint  in  proportion  to*  their  ebullition.  And  fuch  a kind  of  noile,  but  much 
louder,  was  produced  by  cafting  a live  coal  upon  the  lalt-petre.  What  in- 
tereft  fuch  a fmartnefs  in  fir  iking  the  air  hath  in  the  produdtion  of  found, 
may,  in  fome  meafure,  appear  by  the  motion  of  a bullet,  and  that  of  a wand, 
which  produce  n 6 found,  if  they  flowly  pafs  thro’  it  *,  but  if  the  one  fmart- 
ly  ftrike  the  air,  and  the  other  be  fliot  out  of  a gun,  the  celerity  of  their 
pereuflions  puts  it  into  an  undulating  motion,  which  produces  a confidera- 
ble  found.  This  noife  ended  long  before  the  heat ; to  produce  the  latter 
whereof,  fuch  an  intefline  tumult  of  the  parts  of  many  bodies  will  fuffice, 
which  is  yet  unable  to  produce  a found  : as  we  fee  in  amber,  or  good  hard 
wax,  heated  by  rubbing ; and  in  many  liquors,  that  retain  a confiderable 
degree  of  heat  long  after  the  expiration  of  the  noife  they  made  in  boil- 
ing- 

The  diverfmeation  of  colours  is  obfervable  in  many  inflances,  as  well  as  colour 
in  this  experiment.  And  the  like  change  we  have,  fometimes,  obferved  in 
fixed  nitre,  upon  leaving  it  in  the  moifl  air.  The  copious  fumes  arifing 
from  the  mixture,  would  make  the  unfill’d  part  of  the  glals  of  a reddifh  co- 
lour i which  is  not  more  odd,  than  that  thofe  of  diftill’d  foot  lhould  appear  as 
white  as  milk.  A fublimation,  likewife,  of  fal-armoniac,  and  antimony, 
exhibits  a ftrange  variety  of  colours : but,  in  making  a nitre  from  pure  lalt 
of  tartar,  and  Aqua  fortis , there  arofe  a deep  green  colour.  And,  nitre  it- 
felf,  yields,  in  diftillation,  blood-red  fumes,  which  fall  again  into  a liquor 
that  man  if  efts  no  rednefs  at  all. 

Upon  the  mixture  of  thefe  two  liquors,  there  is,  alfo,  produced  a very  Odour 
ftrong  and  offenfive  fmell.  But  tho*  the  fpirit  of  nitre  hath  an  ungrate- 
ful odour,  of  itfelf,  yet  it  is  made  much  more  offenfive,  by  being  poured  on 
its  own  fixed  fait.  The  odour  of  the  fixed  nitre  is  very  languid  i but  that 
which  it  difeovers,  when  diffolved  in  a little  hot  water,  is  wholly  different 
from  the  offenfive  feent  of  the  other  *,  being  of  kin  to  that  of  alkalizate 
lalts.  And  yet  the  falt-petre,  from  which  fuch  differently-fcented  bodies 
proceed,  and  which  may  again  emerge  from  the  coalition  of  them,  has 
no  fmell  at  all. 
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Ah  ysi  cs. 


*Tafles. 


Inflamma- 
bility\ 


Fluidity^  and 

firmnefl. 


Again,  the  taftes  of  thefe  two  bodies,  are  as  different  as  any  of  their 
other  qualities  : the  fixed  nitre  has  as  ftrong  a tafte  of  fait  of  tartar,  as  the 
fpirit  has  of  diftill’d  vinegar  ; yet  thefe  two  bodies  both  fpring  from, 
and  unite  into  falt-petre,  which  betrays  upon  the  tongue,  no  heat,  nor  cor- 
rofivenefs.  And  tho’  the  renew’d  falt-petre  had,  at  firft,  a tafte  more  fharp 
than  ordinary  nitre,  yet  that  pungency  may*  probably,  have  proceeded 
from  fome  acid  particles  of  the  fpirit,  not  duly  incorporated  with  the  ni- 
trous parts. 

Farther,  this  experiment  makes  it  queftionable,  whether  inflammability 
ftridlly  requires  a fulphureous  ingredient  •,  and  whether  it  may  not  refult 
from  fuch  a contrivance  of  parts,  as  difpofes  them  to  be  put  in  motion  by 
the  adventitious  corpufcles  of  another  body,  fo  as  to  exhibit  what  we 
call  flame*.  How  violent  a heat  is  producible  upon  fuch  an  account  as 
this,  may  appear  by  a mixture  of  filings  of  iron,  and  fpirit  of  nitre  ; which 
will  presently  begin  to  penetrate  the  metal,  disjoin,  ftiake  afunder,  and 
fcatter  its  parts,  with  great  rapidity;  upon  which  a ftrong  heat  enfues  ; 
tho’  the  fame  fpirit  will  calmly  run  camphire  into  an  oil,  without  mani- 
fefting  any  conflict 

Our  experiment,  alfo,  informs  us,  that  falt-petre  may  be  produced  by 
the  coalition  of  two  bodies,  which  are  neither  of  them  inflammable.  ’Tis 
obfervable,  that  upon  calling  nitre  on  a glowing  coal,  or  upon  the  calling 
a glowing  coal  into  that  when  melted,  the  nitre  will  immediately  take 
fire,  and  flalh  out  into  bluifh  flames  ♦,  but,  if  the  fame  nitre  be  placed  irr 
a crucible,  which  fhall,  by  degrees,  be  made  glowing  hot,  the  fait  will  be 
thereby  melted,  but  not  kindled. 

It  may  alfo  deferve  enquiry,  whence  falt-petre,  which  when  commit- 
ted  to  diftillation,  is  very  well  dried,  fends  over  fpirits  into  the  receiver* 
that  do  not,  as  fal-armoniac,  and  fome  other  bodies,  diftill’d  with  the  like 
heat  and  veffels,  adhere  in  the  form  of  fublimate,  but  fall  into  a liquor 
that  coagulates  not  in  the  cold.  The  like  enquiry  may  be  made,  concern- 
ing the  fiuidity  of  the  diftill’d  fpirits  of  decrepitated  fait,  calcin’d  vitriol,  &c. 
which  feem  to  have  been  deftitute  of  moifture,when  committed  to  diftillation: 


Volatility^  and  Again,  tho’  good  fpirit  of  nitre  waftes  itfelf  in  a fenftble  exhalation,  yet, 

' when  it  is  once  re-united  to  its  own  fixed  fait,  it  emits  no  fuch  fteam,  tho* 

long  kept,  near  a confiderable  fire  ; which  fhewshow  the  more  a&ive  parts 
rnay  be  entangled,  and  hindred  from  efcaping  by  thofe  which -are  more 
ftuggifh.  Farther,  upon -dropping  the  acid  fpirit  into  the  alkalizate  liquor  you 
may  plainly  difcern  the  faline  particles  tofs  one  another  to  a great  height,  into 
the  air, whence  moft  of  themfall  back  into  the  velfel,  like  a thick  fliower  of  little 


* “ Do  rot,  (fays  Sir  Ifaac  Newton  ) all 
“ fix’d  bodies,  when  heated  beyond  a certain 
“ degree,  emit  light,  and  fhine  ? and,  is  not 
this  emidion  perform’d  by  the  vibrating  mc- 
“ tiors  of  their  parts  ? 'And,  d(5  not  alt  bodies, 
s<  wh  ich  abound  with  terreftrial  parts,  and  ef- 
<<  pccially  with  fulphureous  ones,  emit  light 


as  often  as  thefe  parts  are  fufficiently  agi- 
“ tated,  whether  that  agitation  be  made  by 
“ heat,  or  by  fri&ion,  or  perculfion,  or  pu- 
“ trefadlicn,  or  by  any  vital  motion,  or  any  n- 

**  ther  catife  ? -See  Newton.  Optic,  p.  314. 

“ 3*9- 
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drops.  And  thatthefe  particles  are  faline,  is  manifeft  from  thofe  which  fall  Physics. 
on  the  outfide  of  the  glafs,  fettling  into  little  grains  of  fait.  And  that  there  > 

is  a very  brifk  agitation  in  the  particles  of  the  fpirit  of  nitre,  appears  from 
hence*,  that  upon  pouring  Aquafortis , whofe  adtive  part  is  little  elfe  than 
fpirit  of  nitre,  upon  fait  of  tartar  in  fair  water,  the  acid  fpirit  will  fever  the 
particles  of  fait  with  fuch  impetuofity,  that  the  bubbles  produced  upon  their 
conflict,  afcending  in  fwarms,  make  them  appear  like  fo  many  little  rifing 
fprings. 

And  it  may  be  ufeful  to  obferve  the  difference  betwixt  thofe  adlive  part's  We  aai<m  of 
of  a body,  which  are  of  differing  natures,  when  entangled  with  others  in  thcmn-ftruu,/ls' 
texture  of  a concrete  *,  and  the  fame  particles,  when  fet  at  liberty  : for  tho’  in 
the  intire  body  of  filt-petre,  its  ingredients  adt  but  very  languidly,  yet  we 
fee  with  how  great  an  adtivity  both  the  acid  fpirit,  and  the  fixed  fait,  are  fe- 
parately  endow’d.  And  we  may  yet  farther  obferve,  that  it  is  not  barely 
an  activity  of  the  particles  of  faline  liquors,  which  enables  them  to  product 
their  particular  effedts  ; for,  to  the  production  of  fome  of  thefe  there  feerns 
requifite,  befides  a modification  of  their  motion,  a determinate  figure  of  the 
corpufcles,  anfwerable  to  that  of  the  pores  of  the  body,  to  be  diffolved  by 
them : thus  fpirit  of  nitre  corrodes  filver,  but  not  gold  ; tho’  when  its  par- 
ticles are  affociated  with  thofe  of  fal-armoniac,  whereby  it  acquires  a new 
figure,  and,  perhaps,  a different  motion,  it  will  readily  diffolve  gold.  And  the 
liquor  of  fixed  nitre  will,  for  the  fame  reafon,  diffolve  fuch  fulphureous  bo- 
dies as  the  acid  fpirit  will  not  touch.  Nay,  there  may  be  liquors,  which 
will  not  diffolve  fome  bodies*  unlefs  the  motion,  or  activity  of  their  particles, 
be  allay’d,  or  modified  by  the  mixture  of  fair  water,  or  fuch  unactive  vehicles'. 

Our  experiment  farther  fhews  us,  the  unwarinefs  of  thofe  chy mills,  who  We  different 
confidently  afcribe  to  each  of  the  ingredients  or  principles-  of  a concrete;, 
the  virtues  and  properties  of  the  intire  body  ; for,  herein  we  may  ob-  their  feparlte 
ferve,  that  when  falt-petre  is  diftill’d,  the  volatile  liquor,  and  fixed  fait,  ingredients, 
into  which  it  is  reduced  by  the  fire,  are  endowed  with  properties  ex‘- 
ceeding  different  both  from  each  other,  and  from  thofe  of  the  undiffipated 
concrete  : for,  the  fpirit  of  nitre  is  a kind  of  mineral  vinegar,  and  poffeffes 
the  common  qualities  to  be  met  with  in  acid  fpirits  *,  tho’  the  fixed  nitre  is 
of  an  alkalizate  nature,  and  participates  of  the  qualities  generally  belong- 
ing to  lixiviate  falts.  And  falt-petre,  itfelf,  is  difcriminated  by  difbindt  pro- 
perties, both  from  thofe  falts  which  are  eminently  acid',  as  alum,  vitriol, 
fal  gem,  &c.  and  from  thofe  that  are  properly  alkalizate,  as  fait  of  tartar; 
and  pot -allies.  Accordingly,  we  may  eafily  obferve  a vaft  difparity  in  the 
effe&s  and  operations  of  thefe  three  bodies.  Forfeveral,  if  not  all  of  thofe 
mineral  ones  which  Aqua  fortis  will,  by  corroding,  diffolve,  the  folution 
of  fixed  nitre  precipitates  *,  and  feveral,  if  not  all,  of  thofe  fulphureous 
bodies,  which  the  folution  of  fixed  nitre  diffolves,  the  acid  fpirit  of  lalt- 
petre  will  precipitate.  Thus,  if  into  a fcarlet  tindfure  of  brazil  in  fair 
water,  we  pour  a little  fpirit  of  nitre,  the  liquor  will  in  a moment* 
change  its  rednels  for  a yellow  ; which,  by  pouring  on  it  a little  of  the 
folution  of  fixed  nitre,  may  be  again  rais’d  to  a i'anguin.e  colour,  fometimt** 

paler^  - 
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Physics,  paler,  and  fometimes  deeper  than  the  firft : whereas,  a fqlution  of  Hilt- 
petre,  pour’d  into  either  the  red,  or  the  yellow  tindture,  has  not  been  djf- 
cern’d  to  produce  any  fenfible  effedb.  And  as  falt-petre  is  partly  fixed,  and 
partly  volatile,  the  acid  ingredients  of  it  are  wholly  volatile,  and  the  alka- 
lizate  fixed. 

The  generation  We  may,  alfo,  from  our  experiment  take  occafion  to  enquire,  whether 

of  nitre,  the  ajr  doth  not  contribute  to  the  artificial  production  of  falt-petre;  for  the 
fait,  which  was  leilurely  permitted  to  fhoot  in  the  liquor,  expofed  to  the 
open  air,  fhot  into  more  fair  and  large  Stiria,  than  thole  obtain’d  from  the 
remaining  part  of  the  fame  liquor,  by  a more  hafty  evaporation.  And 
when  we  poured  Aqua  fortis  on  a ftrong  folution  of  fait  of  tartar,  till  no 
farther  effervefcence  was  difcernible,  it  would  not  fhoot  into  fo  fair  cry- 
ftals of  petre,  till  it  had  been  long  expofed  to  the  open  air.  But  whether 
the  air  really  contributes  any  thing,  either  to  the  production,  or  figuration 
of  falt-petre,  in  our  experiment,  I dare  not  yet  determine ; becaule,  firft, 
the  figuration  feems  not  owing  fo  much  to  the  proper  efficiency  of  the  air, 
as  to  the  conveniency  of  a competent  vehicle  for  the  cryftals  to  move  in, 
and  conform  themfelves  to  that  figure  which  is  molt  natural  to  them.  For 
the  fixed  nitre,  which  was  not  dififolved  in  water,  before  the  affufion  of  the 
acid  fpirit,  did  not  fhoot  into  the  ufual  form  of  cryftals  of  petre,  but 
remain’d  a kind  of  nitrous  powder ; being  neceffitated,  for  want  of  room, 
to  make  an  over-hafty  coalition ; and,  therefore,  differ’d  from  thofe,  into 
which  the  faline  corpufcles  would  have  difpofed  themfelves,  had  they  been 
allow’d  a competency  of  vehicle,  and  time.  And,  lecondly,  I forgot  to 
try,  whether  part  of  that  liquor,  which  ffiot  into  cryftals  in  an  open  glafs, 
expofed  to  the  air,  would  not  have  done  the  like,  if  it  had  been  left  quiet, 
as  long  as  the  other  was,  tho’  in  a veffel  accurately  (topp’d.  But  whatever 
the  air  hath  to  do  in  this  experiment,  we  have  known  fuch  changes  made 
in  fome  faline  concretes,  cheifly  by  help  of  the  open  air,  as  very  few  would 
be  apt  to  imagine# 

The  for 7ns  of  But  if,  upon  farther  tryal,  it  appears,  that  the  whole  body  of  falt-petre, 

bodies.  after  diftillation,  may  be  adequately  re-united  into  falt-petre,  equiponde- 
rant to  its  original  felf,  this  will  afford  us  a noble  inftance  to  fhew,  that 
what  is  commonly  call’d  the  form  of  a concrete,  which  gives  it  its  being 
and  denomination,  and  from  whence'  all  its  qualities  are  fuppofed,  in  the 
vulgar  philofophy,  to  flow,  may  be,  in  fome  bodies,  but  a modification  of 
the  matter  they  confift  of;  whofe  parts  by  being  particularly  difpofed,  with 
relation  to  each  other,  conftitute  a determinate  kind  of  body,  endowed  with 
peculiar  properties  ; whereas,  if  the  fame  parts  were  other  wife  difpofed, 
they  would  conftitute  other  bodies  of  very  differing  natures  from  that  of 
the  concrete,  whofe  parts  they  formerly  were ; and  wrhich  may  again  be 
produc’d  after  its  diffipation  and  feeming  deftrudtion,  by  the  re-union  of 
the  fame  component  particles,  affociated  according  to  their  former  difpofi- 
tion.  The  renewal  of  an  analyzed  body,  accurately,  and  really  perform’d, 
may  give  great  light  to  many  particulars  in  philofophy.  And  tho’  in  this 
experiment  of  falt-petre,  even  as  we  have  already  made  it,  there  is  not  an 

exadt 
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exact  and  adequate  reftoration,  it  is  yet  not  far  from  being  a real  one  ; the  Physics. 
difiipated  parts  of  the  concrete  truly  re-uniting  into  a body  of  the  fame 
nature  with  the  former,  though  not  altogether  of  the  fame  bulk*.  It  may 
be  requifite  to  obferve,  that  filt-petre  is  no  very  compounded  body  ; and 
therefore  others,  which  con  fid  of  more  numerous  ingredients,  cannot  be 
fafely  judg’d  of  by  what  is  polTible  to  be  performed  on  that : for,  even  wine, 
we  fee,  when  its  ipirit  is,  by  didillation,  drawn  from  it,  will  not,  by  the 
re-union  of  its  condiment  liquors,  be  reduced  to  its  pridine  nature-,  becaufe 
the  workmanfhip  of  nature,  in  the  difpofition  of  the  parts,  was  too  elabo- 
rate to  be  repaired  by  the  bare  appofition  of  them  to  each  other  again : be- 
fides,  in  the  act  of  diffociation,  even  by  the  gentled  fire,  fome  active  par- 
ticles will,  perhaps,  undifcernibly  vanifh,  whofe  prefence  was  requifite  tp 
preferve  the  concrete  under  its  determinate  form  as  we  fee  wine  degenerate 
into  vinegar,  upon  the  avolation  of  fome  fubtile  fulphureous  Ipirits,  not  to 
be  perceiv’d  by  any  fenfible  diminution  of  the  liquor.  And,  certainly, 
there  is  fo  artificial  a contrivance  of  particles  requifite  to  the  conditution  of 
the  organical  parts  of  living  bodies,  that  it  will  be  fcarce  poffible  for  hu- 
man art  to  imitate  thofe  productions  : and,  therefore,  I wonder  not  that  the 
dory  of  the  Phcenix  reviving  out  of  her  own  adies,  fhould  pafs  for  a fic- 
tion. And  if  what  Kircher  relates,  as  an  eye-witnefs  of  the  re-production 
of  fhell-fifhes,  near  a lake  in  the  Sicilian  promontory  Paloro , by  watering 
their  broken  bodies  with  fait- water,  in  the  fpring,  be  drictly  true  •,  it  feems 
much  more  improbable,  that  fuch  changes  fhould  be  bare  redorations,  than 
that  they  fhould  be  new  productions,  made  by  fome  feminal  particles, 
lurking  in  the  dedroy’d  body,  and  afterwards  excited  by  a genial  heat  to 
act  upon,  and  organize  a difpofed  matter,  according  to  the  exigencies  of  its 
own  nature.  For  that,  in  fome  bodies,  the  feminal  particles  may,  a- while*, 
furvive  the  feeming  dedruction  of  life,  is  not  without  example.  And,  in 
Kircher’s  dory  it  is  to  be  obferv’d,  that  the  redored  animals  were  but  fhelL 
fifh,  in  whofe  vifcous  fubdance,  the  fpirits,  and  prolific  parts,  are,  pro- 
bably* more  diffufed  and  preferved  : and  we  may  add,  that  in  fuch  fifh, 
the  mechanical  contrivance  is  but  very  plain  and  flight,  compared  with  that 
of  more  perfect  animals. 

The  lad  obfervable,  we  fhali  at  prefent  take  notice  of,  in  our  experi-  Corrofivemfr, 
ment,  is,' that  fome  chymical  remedies  may  be  too  rafhly  rejected  by  phy  l corrojibUi- 

ficians,  becaufe  corrofive  liquors  have  been  employ’d  in  their  preparation  j ty' 
on  a conjecture,  that  they  can  never  be  fo  exquifitely  wadi’d  off,  but  that 
fome  of  the  falts  mud  adhere  to  the  medicine,  and  difplay  their  nature  in 
the  body.  T.  is  true,  indeed,  that  many  ignorant  chymids,  either  employ 
corrofives  without  any  necefiity,  or  neglect  diffidently  to  free  their,  medi- 
cines from  the  corroding  falts,  wherewith  they  were  prepared  j for,  fre- 


* Mr.  Homberg  having,  with  great  care  and 
accuracy,  refolvedthe  body  of  common  fulphur 
into  an  acid  fait,  a bituminous  fubdance,  and  an 
earth  mix’d  with  a few  metalline  parts,.M,  Gecf- 


fioy,  re-compofed  thefe  principles  into  true, 
inflammable  lulphur,  only  fubllituting  oil  of  tar- 
tar for  the  latter.  Memoir , de  V Ac-adem.  A. 
. 1 7°3-  P-  376-  £d.  ylmji. 
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3<~quent  ablutions  will  not  always  fuffice  for  this  purpofe.  But  there  may  be 

; .feveral  bodies,  which  quite  alter  the  nature  of  the  acid  fairs,  employed  to 
prepare  them  ; by  occafioning  thofe  falts  to  degenerate  into  another  nature, 
upon  the  very  ad  of  corroding  ; or  elfe,  by  fo  affociating  their  own  fairs 
with  thofe  of  the  diffolving  menflruum,  that,  from  the  coalition  of  both, 
there  arifes  a third  body  differing  in  qualities  from  either.  Thus  in  our  ex- 
periment we  find,  the  fpirit  of  nitre,  which  is  much  more  fharp  than  di- 
ftill’d  vinegar,  and  the  fixed  nitre,  which  is  cauflic,  do,  by  their  mutual 
adion,  work  themfelves  into  falt-petre  ; which  is  far  from  having  any  fret- 
ting quality,  and  may  be  fafely  taken  inwardly,  in.  a much  greater  dofe  than 
either  of  its  ingredients.  And  how  much  corrofive  falts  will  dulcify  them- 
felves by  corroding  fome  bodies,  may  eafily  be  tried,  by  pouring  diflill’d  vi- 
negar, or  moderate  fpirit  of  vitriol.,  upon  a competent  proportion  of  any  te- 
ftaceous  fubfbance.  It  were,  therefore,  worthwhile,  in  every  preparation, 
'where  corrofive  liquors  are  employ’d,  to  confider  the  diftindt  nature  of  the 
.bodies  to  be  wrought  upon  ; or  to  confult  experience,  whether  or  no  the 
acid  menflruum  communicates  to  die  concrete  any  particles  capable  of  re- 
taining their  fretting  quality,  after  the  operation  is  ended ; or,  whether 
the  falts  do  not  fpend  themfelves  in  the  ad  of  corroding,  fo  as  to  become 
unable  to  corrode  any  farther ; or,  whether  the  menflruum  does  not,  in 
the  body  to  be  corroded,  meet  with  fome  fuch  faline  particles,  as  may,  with 
it,  conflitute  a new  and  inoffenfive  fubflance ; as  when  fpirit  of  vinegar, 
by  corroding  calcined  lead,  is  turn’d  with  it  into  a fait,  not  of  an  acid,  but 
of  a faccharine  tafle.  In -the  former  of  thefe  cafes,  the  medicine  may  prove 
dangerous,  unlefs  it  be,  after  the  folution,  exquifitely  dulcified  ; but,  in  the 
two  latter,  the  remedies  may,  in  fpite  of  the  corrofivenefs  of  the  men- 
flrua,  be  fafe  and  innocent : for  it  matters  not  how  fharp  the  fever’d  ingre- 
dients of  a remedy  are,  provided  the  remedy  itfelf,  refulting  from  them,  be 
not  fo.  It  is  objeded,  that  in  feveral  of  tliefe  remedies,  the  corrofive  falts 
are  not  really  deflroy’d,  but  only  difgufzed ; becaufe,  by  diflillation,  it  is 
pofiible  to  feparate  the  liquors  ufed  about  them,  as  corrofive  as  ever.  To 
this  it  may  be  eafily  reply’d,  that  it  little  concerns  us  to  be  fure  that  out 
of  the  medicines  we  take,  the  fire  cannot  feparate  corrofive  falts ; provided 
we  are  duly  fatisfied,  that  no  fuch  feparation  can  be  made  by  the  heat,  or 
juices  of  a human  body.  And  therefore,  though  it  has  been  affirm’d,  that 
‘Tart arum  Vitriolatum  would,  with  a flrong  fire,  part  with  much  of  the  oil 
of  vitriol,  which  concurr’d  to  its  produdion ; yet  our  bell  phyficians  fcru- 
ple  not  to  give  it  internally  in  feveral  diflempers.  And,  to  conclude,  we 
clearly  fee,  that  falt-petre  is  frequently,  and  fafely  given  inwardly ; though 
the  fait  which  makes  even  Aqua  fort  is  fo  corrofive,  be  the  principal  ingre- 
dient of  it,  and  may,  by  diflillation,  be  driven  from  it. 
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SECT.  I. 

WHether  fluidity  and  firmnefs  be  not  rather  Hates,  than  qualities* 
we  fliall  not  here  examine:  but,  as  they  are  the  moft  genera! 
properties  of  bodies,  it  is  well  worth  our  while  to  find  out  more 
fatisfa&ory  explanations  of  them,  than  we  have  receiv’d  from  the  fchools. 

A body  feems  to  be  fluid,  by  confifling  of  corpufcles  touching  one  another  A fluid , 
only  in  fome  parts  of  their  furfaces*  whence,  by  realbn  of  the  numerous 
fpaces  betwixt  them,  they  eafily  glide  along  each  other,  till  they  meet  with 
fome  refilling  body,  to  whofe  internal  furface  they  exquifitely  accommodate 
themfelves*. 

It  is  probable  that,  in  many  liquors,  the  little  furfaces  of  the  component 
particles  are  fpherical,  frnooth,  and  flippery  •,  which  will  greatly  facilitate  the 
rolling  of  the  corpufcles  among  themfelves,  and,  confequently,  promote  the 
fluidity  of  the  body  they  compofe.  But,  there  are  feveral  other  figures,  which 
may  make  the  little  bodies  endow’d  with  them,  voluble  enough  to  conlli- 
tute  a fluid  fubllance.  And  the  other  qualities  to  be  met  with  in  fome 
liquid  fubllances,  as  water,  and  oil,  feem  to  argue  their  parts  to  be  other* 
wife  lhaped  •,  and  thofe  fluids  which  are  not  liquors,  as  air  and  fire,  feem 
compofed  of  particles,  not  all  of  them  round,  but  of  very  various,  and, 
fometimes  of  very  irregular  figures  ; yet  fuch  bodies  deferve  to  be  called 
fluid.  It  is  not  neceflary  to  the  fluidity  of  a body,  that  the  corpufcles  it  con- 
fills  of,  lhou’d  be  crowded  as  clofe  together  as  they  are  in  water,  and  others, 

* Sir  1/aac  Newton  defines  a fluid  to  be  that 
body  whofe  parts  give  way  to  any  imprefs’d 
force;  and  wliich  by  giving  way,  are  eafily 
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moved  among  another.  Nevitm.  Primp,  p* 
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Physics,  commonly  look’d  upon  as  the  only  liquors.  For,  tho*  a parcel  of  matter 
no  bigger  than  a grain  of  corn,  being  rarified  into  fmoke,  will  poflfefs  a 
much  greater  fpace,  than  it  did  before  •,  and  tho’,  if  a body  be  farther  ra- 
rified into  flame,  its  expanfion  will  be  yet  much  greater  ; yet  both  fmoke 
and  flame,  may  be  made  to  appear  like  liquors.  Thus  in  blowing  a mouth- 
ful of  the  former  through  a glafs  pipe,  to  fill  it,  and,  afterwards,  flopping 
the  other  end,  on  any  inclination,  it  will  fettle,  by  degrees,  to  a level  fu- 
perficies,  parallel  to  the  horizon.  And,  as  for  the  latter,  I have  fo  pre- 
pared copper,  with  fal-armoniac,  that  a few  fmall  grains  of  it,  put  into  the. 
wiek  of  a burning  candle,  would  give  a very  durable  flame,  perfe&dy  green  y 
which  kept  diflindl  from  that  of  the  candle,  as  if  there  had  been  fome  in- 
vifible  partition  between  them. 

qhe  rectifies  The  conditions  of  a fluid  feem  to  be,  chiefly,  thefe.  Firfl,  a fmallnefs  of 
to  fluidity,  viz.  the  component  particles  •,  for  bulk  is  apt  to  render  them  too  heavy,  to  give 
fmallnefs  of  way  to  th0fe  caufes  which  make  fluids  move  fo  freely  among  themfelves. 

Lead,  quick- filver,  and,  even  gold,  though,  whilfl  they  are  of  a fenfible 
bulk,  they  will  readily  fink  to  the  bottom  of  Aqua  regis , or  any  other  luch 
liquor  ; yet,  when  the  menflruum  has  corroded  them  into  very  minute 
parts,  they  grow  fo  much  more  capable  of  agitation  than  before,  as  to  be 
freely  carried  every  way  ; nay,  ponderous  bodies  may,  by  divifion,  be  ren- 
der^ fo  light  as  to  become  ingredients  even  of  diftilTd  liquors.  Butter  of 
antimony,  though  a very  limpid  liquor,  will,  with  fair  water,  precipitate  a 
heavy,  white  calx,  reducible  to  glafs. 

But  to  fhew  yet  more  particularly,  that  bulky  bodies  are  unfit  to  confti- 
tute  fluid  ones,  we  may  obferve  how  nature,  as  well  as  art,  in  order  to  rer- 
der  them  fuch,  makes  a comminution  of  them  ; as  in  the  ftomachs  of  dogs, 
to  reduce  bones  into  chyle,  by  fome  peculiar  fluid  ; in  imitation  of 
which,  I made  a certain  liquor,  whereby  I have,  in  a fhort  time,  and 
without  fire,  diflfociated  the  parts  of  bread,  flefh,  fruit,  &c.  and  redu- 
ced them  to  the  confidence  of  fluids.  Nor  is  a great  quantity  of  an  ap- 
propriated liquor  requifite  to  the  digedion  of  the  aliment.  Common  wa- 
ter, the  ufual  drink  of  mod  animals,  as  particularly  dogs,  wolves,  ©V.  ap- 
pears, of  itfelf,  very  unfit  to  difiolve  bones,  &c.  even  by  boiling;  and  many 
forts  of  creatures,  particularly  camels,  may,  even  in  hot  climates,  be  brought 
to  travel,  for  many  days,  without  drinking.  I am  familiarly  acquainted 
with  a gentleman,  who  ufually  drinks  but  once  in  feveral  days  ; and 
then,  no  excedive  draught : and  once,  in  particular,  he  continued  about 
nine  days,  without  taking  in,  or  requiring  any  liquor  ; and  might  have 
continued  much  longer  in  that  date,  had  he  not  didemper’d  himfelf  by 
hapd  dudy  *,  and,  even  then,  one  fmall  draught  fervrd  him  for  about  four 
days  longer.  This  gentleman,  too,  is  in  the  flower  of  his  age,  and  of  a 
florid  and  fanguine  complexion  *,  he  fweats  freely,  eats  as  other  men  ; and 
his  urine  in  quantity,  is  like  that  of  others  of  his  age  and  temper.  We 
fee,  likewil'e,  that  fufion  makes  metals  fluid  ; which  cannot  be  done  whild 
they  continue  in  mafifes  of  any  fenfible  bulk ; and  even  melted  metals  may 
have  their  fluidity  increas’d,  by  a yet  farther  comminution  of  their  parts. 

And 
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And  as  "to  the  enquiry,  whence  it  happens,  that  in  the  diftillution  of  dry 
faline  bodies,  there  will  be  obtain’d  a perfedl  liquor,  it  may,  indeed,  be 
faid,  that  in  feveral  dry  bodies,  fuch  as  hartfhorn,  wood,  and  bones,  the 
fire  does  no  more  than  feparate  the  aqueous  parts  from  the  others,  and 
bring  them  together  into  the  receiver  *,  but  this  doth  not  reach  the  difficulty, 
becaufe  the  thing  holds  in  bodies  already  calcined,  fuch  as  the  calx  of  vi- 
triol, fluxed  fea-ialt,  &c.  which  yet  afford  liquors,  tho’  their  aqueous,  and 
loofer  parts,  have  been  driven  away  by  a ftrong  fire,  before  they  were  ex- 
pofed  to  diftiliation.  Perhaps,  then,  the  vehement  agitation  produced  by 
heat,  both  divides  fuch  bodies  into  minute  corpufcles,  and  drives  them  over 
into  the  receiver*,  where,  lofing  their  former  agitation,  they  are  reduced 
into  a liquor,  chiefly  becaufe  the  fire  has  rent  the  concrete  into  parts,  which, 
by  their  extreme  minutenefs,  by  their  figure,  or  by  both  together,  are  fit- 
ted to  be  fo  eafily  moved,  that  the  ufual  agitation  of  the  air,  propagated 
thereto,  or  the  fame  caufe  that  gives  the  air  its  agitation,  is  able  to  keep 
them  fluid. 

Viewing  a glafs  of  the  chymical  oil  of  annifeeds,  that  flood  frozen,  by 
the  cold  feafon,  in  a window,  I immediately  melted  it,  poured  a particu- 
lar liquor  upon  a part  of  it,  placed  in  another  glafs,  and  fuffer’d  the  reft 
to  cool  in  the  fame  veffel  that  contain’d  it  before.  When  this  was  fully 
cool’d,  I found  it  again  congeal’d,  as  ufual ; but  the  other  continued  fluid, 
both  day  and  night,  and  in  feveral  changes  of  weather ; and  ftill  remains 
at  the  bottom  of  the  menftruum  a clear  oil  diftindl  from  it,  though  I have 
often  fliaken  them  together.  And  having  fiowly  evaporated  good  clear 
Venice  turpentine,  till  the  remaining  part  afforded  a fine  colophony,  [ re- 
duced fome  of  this  tranfparent  gum  to  fine  powder,  and  put  a greater  pro- 
portion of  it  into  pure  fpirit  of  wine,  than  the  liquor  was  able  to  diffolve* 
that  a quantity  of  the  colophony  might  remain  at  the  bottom ; whereby  1 
obtain’d  a ftuggiffi  liquor,  that  continued  fluid  as  long  as  the  menftruum 
was  left  upon  it : but,  when  the  glutinous  liquor  was  feparated  from  the 
menftruum,  it  would  gradually  harden  in  the  air.  And  whilft  this  fub- 
ftance  was  fluid,  I could  not  by  fhaking,  make  it  truly  or  laftingly  unite 
with  the  fpirit  of  wine. 

That,  alfo,  fome  bodies  will  be  kept  fluid,  by  a much  lefs  degree  of  agi- 
tation than  others  require,  feems  probable  from  hence,  that  wine  will  con- 
tinue a liquor  in  fuch  a languid  warmth  of  the  air,  as  cannot  keep  the  parts 
of  water  moving,  but  permits  them  to  reft  in  the  form  of  ice.  And,  in 
cold  countries,  where  wine  itfelf  congeals,  though  the  more  aqueous  parts 
will  there,  by  lofs  of  motion,  be  turned  into  ice,  yet  the  more  fubtile,  and 
fpirituous,  remain  unfrozen.  And  tho*  cold  may  very  much  condenfe  even 
air,  yet,  that  it  hath  never  been  frozen  by  any  degree  of  cold  whatever, 
feems  to  proceed  from  the  extreme  fmallnefs,  and  peculiar  figure  of  its  parts, 
giving  way  to  the  leaft  agitation. 

An  ingenious  teacher  of  mathematics,  having  occafion  to  make  a com- 
pofition  for  a new  fire-engine,  whereof  he  was  to  fhew  his  Majefty  a 
trial,  mingled  divers  ingredients  in  an  earthen  pot,  over  kindled  coals  j but 
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Physics,  could  not,  or  did  not,  do  it  fo  warily,  but  that  the  matter  took  fire,  and 
began  to  blaze  furioufly  5 which  obliged  him  to  ftifle  the  flame  as  haftily  as 
he  could : and  having  remov’d  the  veflel  from  the  fire,  and  fuffier’d  it  to 
grow  cold,  when  afterwards  he  came  to  look  upon  it,  to  fee  if  what  re- 
main’d might  be  of  any  ufe  to  him,  he  was  furprized  to  find  it  varioufly 
and  brifkly  moved.  Wherefore,  having  fet  it  afide,  to  be  fure  that  it  might 
be  thoroughly  cold,  he,  after  fome  hours,  vifited  it  again,  and  found  it  move 
as  before.  And,  having  cafl  ftore  of  feeds  upon  it,  to  fee  if  the  liquor 
would  move  them  alfo,  the  bituminous  part  of  it  connected  them  into  a 
kind  of  thick  fcum,  that  cover’d  moft  of  the  fuperficies;.  but  yet  left  fome 
intervals,  in  which  the  liquor  appear’d,  and  difcover*d  that  it  continued  its 
motions.  Two  days  after,  the  engineer  difcourfmg  of  his  fire-work,  about 
which  he  had  advis’d  with  me  before,  told  me  of  this  odd  accident.  And 
alledging  that  the  motion  continu’d  ft  ill,  my  diffidence,  or  curiofity,  made 
me  engage  him  to  fend  for  the  pot  as  it  was  •,  partly  to  be  fure  of  the  mat- 
ter of  faCt,  and  partly  to  try  if  the  knowledge  I had  of  the  ingredients, 
would  afford  any  hint  as  to  the  caufe  of  fo  odd  an  effeCt ; a like  to  which,, 
in  kind,  tho’  not  in  degree,  I had  many  years  before  feen,  and  fuccefsfully 
practis’d  the  way  of  producing. 

The  veflel  being  come,  there  appear’d  manifeft  figns  of  fuch  a motion 
as  the  engineer  had  afcribed  to  it ; and  therefore  I caus’d  it  to  be  fet  afide  in  a 
laboratory,  where  fome  furnaces  kept  the  air  conftantly  warm,  and  did  there, 
and  elfe where,  at  diftant  times,  look  heedfully  upon  it,  now  and  then  dif- 
p hieing,  or  quite  taking  off  fome  of  the  thick  fcum,  that  too  much  cover’d 
the  furface  of  it  i and  by  this  means,  I had  the  opportunity  to  take  notice 
of  feveral  phenomena,  whereof  thefe  are  the  chief. 

1 . I obferved,  that  the  motion  of  this  liquor  was  not  only  brifk,  but  very 
various ; fo  that  having  loofen’d  fome  fmall  portions  of  the  fcum  from  the 
reft,  one  of  them  would  be  carried  towards.the  right-hand,  for  inftance,  and 
another  towards  the  left,  at  the  fame  time.  2.  Where  the  liquor  came  out 
firft  from  under  the  fcum,  it  feem’d  to  move  the  moft  brifkly,  flowing  al- 
moft  like  a ftream,  whofe  motion  upwards  had  been  check’d,  and,,  as  it 
were,  reverberated  by  that  incumbent  obftacle.  3.  Several  motions  in 
this  liquor  were  the  more  eafy  to  he  obferved,  becaufe,  tho’  it  were  dark, 
yet  it  was  not  uniform,  confuting,  in  part,  of  oily,  and  bituminous  ingredi- 
ents, which,  tho’  they  feemed  to  have  but  one  common  fuperficies  with  the 
reft  of  the  liquor,  yet,  by  their  colours,  and  vigorous  power  of  reflecting 
the  light,  they  were  eafily  diftinguifhable  from  the  reft.  And  I often 
obferved,  that  fojne  of  the  unCtuous  portions  of  the  matter,  .emerging 
ro  the  furface  of  the  liquor,  tho’,  perhaps,  at  firft,  one  of  them  would  not 
appear  bigger  than  a pip’s  head  •,  yet,  in  moving  forwards,  it  would,  at 
the  fame  time,  diffufe  itfelf  circularly,  and  make,  as  it  were,  a great  halo, 
adorned  with  the  colours  of  the  rain-bow  •,  and  fo  very  vivid,  as  afforded 

pjeafant,  and  furprizing  fpeClacle ; diefe  phantafms  often  nimbly  fuc- 
ceeding  one  another,  and  lauing  till  they  loft  themfelves  againft,  or  under' 

the.  thick  fcum.  4.  The  motions  of  this  odd  liquor  were  not  only  varipus,. 

hut. 
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but  Frequently  vortical y to  be  fatisfied  of  which,  I fometimes  put  fhort  bitsPH 
of  draw,  or  fragments  of  fome  fuch  like  duff,  upon  the  difcover’d  part  ofv--* 
the  furface  of  the  liquor,  by  which  they  were  carried  towards  very  didant, 
if  not  oppofite  parts  of  the  vefiel  at  the  fame  time.  But  to  make  the  vor- 
tical motion  more  evident,  I feveral  times  detached  confiderably  large 
pieces  of  the  thick  fcum  from  the  red  of  the  body  y and  had  the  pleafure  to 
fee  them  move,  both  a progreflive  motion  in  crooked  lines,  and  with  a mo- 
tion about  their  own  middlemod  parts.  All  this  while  the  liquor,  whofe 
parts  were  thus  brifkly  moved,  was  actually  cold  as  to  fenfe.  5.  To  obferve 
what  the  prefence,  or  abfence  of  the  free  air  would  do  to  this  liquor,  I 
caus’d  many  fpoonfuls  of  it,  with  fome  of  the  fcum,  to  be  put  into  a cylin- 
drical  glafs,  which,  tho*  large  itfelf,  had  a neck  belonging  to  it,  which  was 
but  about  the  bignefs  of  one’s  thumb,  that  it  might  be  well  dopp’d  with 
a cork.  But,  having  by  this  means,  kept  the  free  air  from  having  a full, 
and  immediate  contact  with  the  whole  furface  of  the  mixture,  as  it  had 
when  that  mixture  lay  in  the  wide-mouth’d  vefiel  y I could  not  perceive  the 
liquor  to  move  to  and  fro  y no,  not  tho’  the  orifice  of  the  neck  were  left 
open  : whereas,  having,  at  the  lame  time,  pour’d  fome  of  the  liquor  into 
a very  fhallow,  and  wide-mouth’d  vedel,  it  moved  rather  more  nimbly  and 
varioufly  than  in  the  great  earthen  pot,  (which  yet  was  of  the  fame  diape) 
and  diewed  us  many  vivid,  and  felf-dilating  circles.  6.  Tho’  the  mo- 
tions of  the  liquor  did  not  feem  to  be  always  equally  briflc,  yet  they  ap- 
pear’d to  continue  manifed  and  various  i-n  fome  diverfities  of  weather,  as 
to  cold  and  heat,  and  when  I look’d  on  it  by  candle-light,  as  well  as  by 
day-light.  7.  I kept  fome  fpoonfuls  of  this  liquor  dole  dopp’d  in  a vial, 
and  fo  had  the  opportunity  to  obferve,  that  when  I pour’d  out  the  liquor 
into  a wide-mouth’d  vedel,  it  would  move  as  before,  tho’  this  were  done 
fome  weeks  after  it  had  been  put  up.  About  the  beginning  of  June , that 
is,  about  five  months,  or  more,  after  the  liquor  was  fird  observed  to  move, 
to  gratify  the  curiofity  of  a foreign  minider,  and  that  of  fome  other  inge- 
nious men  then  prelent,  I caus’d  the  vial  to  be  brought,  and  having  un- 
dopp’d  it,  I pour’d  out  the  liquor  in  a conveniently  drap’d  vefiel  j in 
which,  after  we  had  differ’d  it  to  red  a-while,  they  were  delightfully  fur- 
prized  to  fee  it  move  (tho’  not  in  my  opinion  quite  fo  brifkly  as  before) 
very  manifedly,  and  varioudy.  This  incouraged  me  to  think  it  podible, 
that  it  might  retain  fome  motion,  though  but  languid,  feven  or  eight 
weeks  after  y and  accordingly  I then  look’d  upon  it  again  y and  having 
caus’d  it  to  be  pour’d  into  a china  cup,  it  manifeded,  at  fird,  a brilk  and 
various  motion.  But  this,  after  a-while,  fo  flacken’d,  that  I began  to  have 
Ibme  fufpicion,  the  motion  it  was  put  into  by  the  effufion,  and  the  fird 
contact  of  the  air,  might  have  given  it  the  greated  part  of  its  agitation  y 
but  this  was  only  fufpicion. 

To  proceed  y it  is,  likewife,  podible,  that  a filine  fpirit  may  confid  of  very 
minute  grains  of  filty  for,  a fil-armoniac  may  be  made  by  fpirit  of  urine,  and 
fpirit  of  filt,  as  the  common  fal-armoniac  is  with  crude  fait  y and  the  urinous 
one^  as  driftly  as  it  here  feems  united  to  the  other,  may  be  readily  fepa- 
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Physics,  rated  from  it.  And,  as  common  Aqua  fortis  may  be  enabled  to  difiolve 
gold,  by  the  addition  of  fpirit  of  fait  * fo  common  crude  fait,  barely  dif- 
folved  in  it,  will  give  it  the  like  power  of  working  upon  gold  ; nay,  crude 
nitre,  diflblved  in  good  fpirit  of  fait,  may  make  it  ferve  for  an  Aqua  regis . 
And,  the  mod  noted  perfon  in  Holland , for  diddling  corrolive  bodies,  af- 
firmed to  me,  that  he  had,  by  ufing  brick-dud,  fand,  lAc.  fometimes 
brought  over  almod  the  whole  body  of  fait  into  a liquor  ♦,  fo  that  from  a 
pound,  he  has  eafily  obtain’d  no  lefs  than  twelve  ounces  of  a fpirit,  after  it 
had  been  well  redtified.  And  Beguinus  teaching  the  didillation  of  another 
fait,  adds,  that  if  you  had  wrought  well,  you  fhail  get  from  a pound  of  the 
matter,  a pound  of  lpirit.  But  becaufe  from  all  thefe  liquors,  it  is  poflible  to 
obtain  a portion  of  phlegm,  or  water,  I leave  it  to  farther  trial,  whether 
their  fluidity  may  not,  in  many  cafes,  be  advanced,  by  being  diluted 
with  water. 

A determinate  We  may  add,  that  the  fhapes,  as  well  as  the  fizes  of  bodies,  contribute 

figure  of  them,  to  their  fluidity.  Fortho’,  in  fal-armoniac,  antimony,  &c.  which  are  by 
the  fire  fublimed  into  flowers,  rather  than  diddl’d  into  liquors,  the  mag- 
nitude of  the  component  corpufcles  may  not,  perhaps,  be  a hindrance  to  the 
fluidity  of  the  body  they  conflitute  ; yet  this  feems  as  probably  owing  to 
their  figure,  as  to  their  bulk.  I have,  by  flowly  diddling  common  olive 
oil  per  /r,  in  a glafs  retort,  found  about  a third  part  of  the  oil,  which  was 
driven  over  into  the  receiver,  coagulated  into  a whitifh  body,  almod  like 
butter.  So  that  altho’  didillation  can  obtain  liquors,  even  from  confident 
bodies,  in  this  experiment  of  a concrete  naturally  fluid,  the  diddl’d  liquor 
itfelf  proved  not  to  be  fo  ; of  which  no  caufe  feems  more  obvious,  than  that 
the  newly  acquired  fhape  of  the  diffipated  parts  of  the  oily  corpufcles,  makes 
them  unfit  for  motion,  either  abfolutely,  or,  at  lead,  in  refpedt  of  one  ano- 
ther, by  rendring  them  lefs  pliant,  or  giving  them  a figure  more  eafy  to  be 
entangled  with  the  neighbouring  corpufcles ; or  elfe,  by  making  their  fur- 
faces  lefs  fmooth  and  flippery  than  before. 

’Tis  obfervable  of  bodies,  which  confid  of  incoherent  parts,  that  thofe, 
in  being  poured  out,  mod  refemble  liquors  which  are  the  fmalled  ; as 
would  appear,  upon  the  emptying  of feveral  facks  of  apples,  walnuts,  fil- 
berts, corn,  fand,  and  flower.  They  who  make  much  ufe  of  whites  of  eggs, 
will  eafily  reduce  thofe  vifeous  bodies  into  a thin  and  fluid  fubdance,  like 
water  •,  yet  this  difference  of  fluidity,  being  effected  only  by  long  beating, 
feems  to  be  produced  but  by  pulling  afunder  the  parts,  and  breaking  them 
into  fhorter,  lefs,  and,  confequently,  more  voluble  ones.  And  I have  feen 
that  jelly,  which  is  fometimes  found  on  the  ground,  and  call’d  by  the 
vulgar  a dar-fhoot,  refolved  by  digedion  only,  into  a permanent  liquor ; 
which  an  eminent  phyfician,  of  my  acquaintance,  extols  as  a fpecific,  out- 
wardly applied  to  wens.  Goldfmiths  obferve,  that  when  any  curious 
work  of  filver  is  to  be  cad,  it  is  not  enough,  that  the  filver  be  barely 
melted,  but  it  mud  be  kept,  for  a confiderable  time,  in  drong  fufion  : for, 
if  it  be  too  foon  poured  out,  the  figure  it  makes,  will  be  blunt;  but,  if 
kept  a competent  time  in  fufion,  the  matter  becoming  thereby  more  liquid. 
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will  be  thin  enough  to  run  into  the  fmalleft  cavities  of  the  mould,  and  fo  Physics 
receive  a figuration,  even  from  the  mofl  delicate  of  them  : whence  it  is  pro- 
bable,  that  fome  bodies  already  fluid,  may,  by  a farther  comminution,  be 
made  yet  more  fluid.  And,  the  like  increafe  of  fluidity  may  be  oblerved  in 
fome  other  bodies,  efpecially  undluous  ones,  as  turpentine,  oil,  &c.  when 
heat  begins  to  break,  as  well  as  agitate  their  parts.  And,  by  long  dige- 
ltions,  with  a due  degree  of  heat,  there  may  be  made  in  the  parts  of  many 
bodies,  both  vegetable  and  animal,  fo  great  a change  from  the  ftate  oi 
confluence,  to  that  of  fluidity,  as  thofe  who  content  themfelves  with  ordi- 
nary courfes  of  chymiftry  would  not  expedt. 

Another  requifite  to  fluidity,  is,  that  there  be  many  vacant  fpaces  be-  Vacuity, 
twixt  the  component  particles  of  the  body.  I need  not  here  require  abfo- 
lute  vacuities  * ’tis  fufficient  that  between  the  folid  parts,  there  be  nothing 
but  what  will  eafily  yield  to  them,  and  not  refill  the  freedom  of  their  mo- 
tions. To  illuftrate  this,  let  it  be  obferv’d,  that  fnow,  which,  at  its  firfb 
falling,  is  of  a loofe,  and  open  texture,  eafily  yields  to  the  impreflions  of  the 
hand  * but  when,  by  being  ftrongly  comprefs’d,  the  little  icy  bodies,  of 
which  it  confifts,  are  brought  into  a clofer  order,  and  many  of  them  thruft 
into  the  little  fpaces,  before  poflefs’d  only  by  the  yielding  air,  they  will 
not  give  way  to  the  motions  of  the  hand,  as  before,  but  compofe  a hard 
and  refilling  body.  However,  the  exiftence  of  vacant  fpaces,  or  fome 
yielding  matter  about  the  corpufcles  of  a fluid  body,  feems  requifite,  only  as 
it  obviates  that  impediment  to  their  motion,  which  exquifite  fulnefs  might 
prove.  And  tho’  in  fuch  bodies  as  water,  wine,  oil,  quick-filver,  &c.  this 
condition  may  take  place,  yet  it  is  not  abfurd  to  queltion,  whether  there 
may  be  no  portion  of  matter,  confilling  of  parts  fo  minute,  and  fo  agita- 
ted, as  inceflantly  to  change  places  among  themfelves,  and  thereby  conllitute 
a very  fluid  body,  without  any  vacuities,  receptacles,  or  yielding  matter 
about  them,  unlefs  on  the  external  parts  of  thofe,  which,  from  time  to 
time,  happen  to  be  at  the  furface. 

But  the  la-ft,  and  chief  condition  of  a fluid  body  is,  that  the  particles  of  Ag.tation. 
which  it  confifls,  be  agitated  varioufly,  and  a-part,  by  their  own  innate 
motion*,  or  by  fome  thinner  fubftance,  which  fliall  tofs  them  about  in  its 
paflage  thro’  them.  For,  this  feems  to  be  the  principal  difference  betwixt 
folid  ice,  and  fluid  water,  that  in  the  one  the  parts  being  at  reft,  refill 
thofe  endeavours  of  our  fingers  to  difplace  them,  to  which,  in  the  other, 
the  parts  being  already  in  motion,  eafily  give  way.  For,  whereas  in  the 
ice,  every  part  adlually  at  reft,  mull,  by  the  law  of  nature,  continue  fo, 
till  it  be  put  out  of  it  by  an  external  force,  able  to  furmount  its  refiftance, 
to  a change  of  its  prefent  ftate  \ in  water,  each  corpufcle  being  adlually 
moved,  we  need  not  begin,  or  produce  a new  motion  in  it,  but  only  diredt 
that  which  it  has  already.  From  this  agitation  of  the  parts  of  fluids,  thofe 
minute  bodies,  to  continue  their  motion,  glide  fometimes  over,  fometimes 
under,  and  fometimes  by  the  fides  of  one  another.  And  hence  appears 
the  caufe  of  foftnefs  in  fluid  bodies,  that  is,  their  yielding  to  the  touch  •,  for, 

•the  particles  which  compofe  them,  being  fmall,  incoherent,  and  varioufly 
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Physics,  moved,  it  is  eafy  to  thruft  them  out  of  thofe  places,  which, being  already  in 
motion,  they  were  difpofed  to  quit ; efpecially  when  there  are  vacant  fpaces 
at  hand,  ready  to  admit  them,  as  foon  as  they  are  difplaced.  And  hence 
it  likewife  happens,  that  thefe  little  bodies  muft  be  very  eafily  moveable 
any  way  upon  the  motion  of  the  mafs,  or  liquor  they  compofe  *,  and  that 
being  very  fmall,  and  moving  fo  many  ways,  they  are  very  unfit  to  bound 
themfelves,  but  very  eafy  to  be  bounded  by  any  other  firm  body,  which 
hinders  them  from  fpreading  any  farther  •,  and  yet  to  continue  their  various 
and  diffufiv'e  motion  as  much  as  they  can,  they  muft  neceflarily  move  to 
and  fro,  till  their  progrefs  be  ftopp’d  by  the  internal  furface  of  the  veflfel  *, 
which,  by  terminating  their  motion,  obliges  the  liquor  exactly  to  accom- 
modate itfelf  to  whatever  figure  that  fhall  happen  to  be  of. 

This  general  account  of  fluidity  may  be  farther  illuftrated,  and  confirm’d 
by  the  following  inftances  and  experiments.  Salt-petre  may  be  made  fluid  ei- 
ther with  or  without  a liquor.  And  firft,  it  puts  on  the  form  of  a fluid  body, 
by  folution  in  water,  which  entring  the  pores  of  the  fait,  disjoins,  and  di- 
vides it  into  parts  fo  fmall,  that  it  is  eafy  for  thofe  of  the  water,  wherewith 
they  are  afiociated,  to  fupport  and  move  them.  But  fixed  nitre,  expofed 
to  the  moift  air  of  a cellar,  will  run  per  deliquium , into  a liquor,  which 
confifts  of  no  more  aqueous  particles  than  are  neceflary  to  keep  the  faline 
ones  in  the  agitation  requifite  to  fluidity.  The  fluidity  it  is  capable  of, 
without  a liquor,  may  be  of  two  kinds  : for,  firft,  if  it  be  beaten  into  an 
impalpable  powder,  this,  when  it  is  poured  out,  will  refemble  a liquor, 
though  its  fluidity  be  imperfed.  But  if,  with  a ftrong  fire,  this  powder’d 
nitre  be  melted,  then  each  of  the  faline  corpufcles,  being  fub-divided,  and 
varioufly  agitated,  the  whole  body  will  appear  a perfect  liquor : and  fuch 
is  the  fluidity  of  melted  metals.  And  not  only  fire  is  able  to  make  hard 
bodies  fluid  ; for  fome  may  be  render’d  fo  by  others,  which  to  the  touch 
feem  cold,  if  they  are  but  fitted  to  change  the  texture  of  the  hard  body,  and 
put  its  parts  into  a convenient  motion  •,  as  appears  in  turning  camphire  into 
an  oil,  by  letting  it  lie  upon  Aqua  fortis.  Camphire  may,  alfo,  by  a dex- 
trous application  of  heat,  be  brought,  in  clofe  glafles,  both  to  flow,  and  to 
boil  almoft  like  oil.  It  is  true,  fuch  liquors  taken  from  the  fire,  quickly 
grow  folid  again  •,  but  the  duration  of  a thing  is  not  always  neceflary  to 
denominate  it : for  the  leaf  of  a tree,  whilft  it  flourifhes,  may  be  as  truly 
green,  as  an  emerald  *,  though  the  leaf  will,  after  a while,  wither  and  turn 
yellow,  which  the  ftone  will  not.  And,  in  cold  climates,  lakes,  fcfr.v  are 
frozen  hard,  notwithftanding  the  fame  portion  of  matter  was,  a little  before, 
a fluid  body,  and  will  be  thaw’d  into  a liquor  again. 

It  may  be  requifite  here  to  obferve,  that  the  fluidity,  acquired  by  falt-petre 
upon  fufion  by  fire,  feems  of  kin  to  that  which  it  acquires  by  folution 
in  water  •,  for  both  will  appear  to  be  caufed  by  the  pervafion  of  a fo- 
reign body  : only  in  diflolution  the  fluid  is  a liquor,  and  confequently 
more  grofs  j whereas,  in  fufion,  the  fluid  fubftance,  that  permeates  it,  is 
more  thin,  divides  it  into  much  fmaller  parts,  and  adds  very  little  to  its 
bulk.  And  it  is  a notable  experiment  to  this  purpofe,  which  I have  made 
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with  finely  powder’d  alabafter,  or  plaifber  of  Paris ; For  putting  it  in  a ba-  Ph  ysics. 
fon  over  a fire,  it  will,  when  hot,  a Hume  the  appearance  of  a fluid,  by  rolling  J 

in  waves,  yielding  to  the  touch,  (learning,  &c.  all  which  properties  it  a- 
gain  lofes  on  the  departure  of  the  heat*,  and  being  thrown  upon  paper,  will 
not  at  all  wet  it,  but  immediately  difcover  itfelfto  be  as  movelefs  an  incohe- 
rent powder,  as  before  it  was  fet  over  the  fire : whereby  it  appears,  that  a 
heap  of  fuch  little  bodies,  as  are  neither  fpherical,  or  otherwife  regularly 
fhaped,  nor  fmall  enough  to  be  below  the  difcernment  of  the  eye,  may, 
without  either  fufion,  or  being  poured  out,  be  made  fluid,  barely  by  a fut- 
ficiently  ftrong  and  various  agitation  of  the  particles  which  compofe  it  i and, 
moreover,  lofe  its  fluidity  immediately  upon  the  ceflation  thereof*. 

Hence  we  fee  how  much  it  conduces  to  the  making  of  a body  fluid,  that  Intejlinemoti- 
its  fmall  parts  be  actually  moved  j but  whence  this  motion  proceeds, 
fhall  not,  at  prefent,  venture  to  determine : fince  not  writing  elements  or 1 iy' 
philofophy,  but  concerning  fluidity,  which  is  only  a fecondary,  or  deriva- 
tive quality,  it  is  fufficient,  that  we  deduce  it  not  from  the  ^unintelligible 
fubftantial  forms  of  the  bodies,  but  from  thofe  Ample  and  general  proper- 
ties of  matter,  the  figure,  fituation,  and  motion  of  its  fmall  parts  f. 

There  is  yet  one  thing  more,  to  be  learnt  from  falt-petre,  as  to  the  nature^  difference 
of  fluidity,  and  that  is  the  diftin6lion  between  a fluid  body,  and  a wetting  i^anda™* 
liquor  *,  which,  becaufe  they  agree  in  many  things,  are  ufually  confounded  '.westing  liquor. 
for  tho*  every  wetting  liquor  be  fluid,  yet  every  fluid  body  does  not  wet. 

The  air,  the  sether,  and  even  flame  itfelf  may,  properly,  be  called  fluid 
bodies  ; yet  will  fcarce  by  any  one  be  termed  moift  liquors  : falt-petre,  whilfl 
in  fufion,  is  really  a liquor,  and  fo  is  every  melted  metal  ; yet  thefe  wet 
not  the  bodies  they,  touch,  like  water  and  other  liquors  which  are  fluids, 
with  this  peculiar  qualification,  that  they  flick  to  and  moiflen  the  dry  bodies 
in  contact  with  them  : fo  that  the  humidity  of  a body  is  but  a relative  thing, 
and  depends  chiefly  upon  the  congruity  or  incongruity  of  the  component 
particles  of  the  liquor,  with  regard  to  the  pores  of  thofe  bodies  it  touches  ; 
as  may  be  exemplified  in  quick-filver,  which  cannot  be  faid  to  be  a humid 
body  in  refpedt  of  alinoft  all  other  bodies,  upon  whofe  furfaces  it  will  roll, 
without  leaving  any  of  its  particles  lodged  in  their  pores  * but  with  regard 
to  feveral  metals,  efpecially  gold  and  tin,  it  may  be  called  moift,  for  it  in- 
finuates  itfelf  into  their  pores,  and  thereby  mollifies  their  bodies,  as  other 
liquors  do  to  other  dry  fubftances.  And  even  water,  which  wets  almoft  all 
animal  and  vegetable  bodies,  feems  not  a humid  liquor  in  refpedt  to  the 
feathers  of  water-fowl.  And  it  is  obfervable,  that  upon  the  change  of  tex- 


* Tis  remarkable,  that  M.  Homberg , ha- 
ving fet  fome  oil-olive  to  digeft,  for  two 
months,  upon  quick-filver,  the  oil,  in  that 
time,  became  fo  thick  and  hard,  that  the  mer- 
cury underneath  wanting,  as  he  fuppofes,  that 
freedom  of  motion  which  is  neceflary  to  its 
fluidity,  became  like  a perfect  fblid  mafs,  tho’ 
ot  itfelf  it  was  not  fixed  ; but  appear’d  fluid  a- 

Vol.  I.  Tt 


gain,  upon  being  taken  out  of  the  veflel.  Hijl.de 
r Acad.  A.  1708.  p.  80. 

f We  mult  here  obferve,  that  what  Sir  Ifaac 
Newton  demon i\ rates  of  fluids,  feems  to  make 
againft  the  neceflfary  exiftence  of  any  fuch  actual 
motion  in  their  parts,  as  is  here  fuppofed.  See 
Newton.  Princip.  p.260,  261. 


rure 


314  Fluidity  and  Fir mnefs. 

Physics,  cure  in  a liquor,  it  may  be  brought  to  flick  to  the  furface  of  a body,  on 
which  before  it  would  not  fallen  s for  tho5  quickfilver  alone  will  not  adhere 
to  glafs,  yet  if  there  be  mixed  with  it  a due  proportion  of  lead,  tin,  and 
tin-glafs,  tho’  neither  of  thefe  will  flick  to  glafs,  yet  their  liquid  mixture 
readily  does,  even  without  the  afliflance  of  heat. 

Farther  proofs  jf  jt  be  0bje6led,  that  this  various  agitation  of  the  infenfible  parts  of 
fliiids°.'  water>  and  the  like  bodies,  wherein  we  make  the  nature  of  fluidity  chiefly 
to  confifl,  is  but  an  imaginary  thing,  and  precarioufly  aflerted,  fince  the 
particles  themfelves  are  fo  fmall,  that  they,  and  the  diverfity  of  their  motions 
are  imperceptible  by  fenfe  ; it  may  be  replied,  that  the  particles  whereof 
liquors  confifl,  being  too  fmall  to  be  vifible,  and  being  not  only  voluble, 
but  in  aClual  motion,  the  pores  or  vacant  fpaces  between  them,  mufl,  alfo, 
be  too  little  to  be  difcerned  by  the  eye,  and,  confequently,  a fluid  body  mufl 
appear  an  uninterrupted  or  continued  one.  ’Tis  true,  a heap  of  grains  of 
nitre,  tho5  upon  its  effufion  out  of  the  veflfel,  it  fomewhat  refembles  a fluid 
body,  does  yet,  when  it  refls  in  the  veflfel,  appear  to  be  but  an  aggregate 
of  many  little  incoherent  bodies  laid  together  *,  becaufe  the  intervals  left 
between  them,  are  great  enough  to  affieCl  the  fenfe  : but  if  the  fame  fait  be 
reduced  into  an  impalpable  powder,  the  particles  and  intercepted  fpaces, 
being  then  extremely  leflened,  the  body  they  make  up  will  much  more  re- 
femble  an  entire  mafs,  tho5  view’d  at  a lefs  diflance  ; and  fo  when  this  pow- 
der is,  by  the  fire,  farther  broken  into  parts  incomparably  fmaller  than  thofe 
of  the  powder,  and  which,  confequently,  intercept  extremely  little  pores, 
why  fhould  we  deny  that  thefe  may  be  little  enough,  not  any  where  to  dif- 
continue  the  body  as  to  fenfe  ? And  that  the  inchoherent  parts  of  fluids  are 
alfo  varioufly  agitated,  tho5  our  fenfes  cannot  difcern  it,  may  be  proved  by 
•their  fenfible  operations.  For  without  fuch  local  motion,  how  could  the  par- 
ticles of  water  penetrate  into  the  receflfes  of  bodies,  and  occafion  thofe  pu- 
trefactive alterations,  ufually  imputed  to  fuperfluous  moiflure  ? And  how 
comes  it  elfe  to  pafs,  that  aqueous  liquors  fo  readily  mix  with  one  another  ? 
And,  without  this,  how  could  fugar,  or  fait,  caft  into  them,  be  inflantlyfo 
perfectly  diflfolved  and  diffufed  every  way*  ? This  is  evident  particularly  in 
lea- fait  ; which,  when  the  fuperfluous  liquor  is  fufficiently  exhaled,  begins 


'*  This  folution  of  falts  in  water  Sir  Ifaac 
Newton  accounts  for  from  another  principle. 
“ If,”  fays  he,  “ a very  fmall  quantity  of  any 
“ fait,  or  vitriol,  be  diffolvedin  a great  quantity 
4‘  of  water,  the  particles  of  the  fait,  or  vitriol, 
“ will  not  link  to  the  bottom,  tho’  they  be  hea- 
“ vier  in  fpecie  than  the  water  ; but  will  evenly 
“ diffufe  themfelves  into  all  the  water,  fo  as  to 
*4  make  it  as  faline  at  the  top  as  at  the  bottom. 
**  And  does  not  this  imply,  that  the  parts  of 
of  the  fait,  or  vitriol,  recede  from  one  ano- 
ther,  and  endeavour  to  expand  themfelves, 
“ and  get  as  far  afunder  as  the  quantity  of  wa- 


i(  ter  will  allow  ? And  does  not  this  endeavour 
“ imply,  that  they  have  a repulfive  force, 
%i  by  which  they  fly  from  one  another,  or  at 
“ lead:,  that  they  attraft  the  water  more  flrong- 
“ ly  than  they  do  one  another  ? For  as  all  things 
“ afeend  in  water,  which  are  lefs  attracted 
“ than  water,  by  the  gravitating  power  of  the 
te  earth  ; fo  all  the  particles  of  lalt  which  float 
“ in  water,  and  are  lefs  attracted  than  water,  by 
<£  any  one  particle  of  fait,  mull;  recede  from  that 
“ particle,  and  give  .way  to  the  more  at- 
“ traded  water.’  'Newton.  Optic,  p.  362,  363. 
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•vifibly  to  coagulate  upon  the  furface  of  the  water.  And  not  only  fait,  but  even  Ph  y$  i cs. 
gold  itfelf,  may  have  its  parts  fo  diffufed  by  the  agitation  of  thefe  liquors  ; as 
may  be  eafily  try’d,  by  putting  a little  of  the  folution  of  gold  made  in  Aqua 
regis  into  15  or  20  times  as  much  fair  water;  which  will  all,  thereby,  be  im- 
mediately ennobled  with  a golden  colour.  That  the  little  bodies  whereof 
flame  confifts,  are  fiercely  agitated,  often  appears  even  to  the  eye,  and  will 
fcarccly  be  denied  by  him,  who  confiders  its  operations.  And  that  the  par- 
ticles which  compofe  our  common  air,  are  alfo  varioufly  agitated,  we  are  in- 
duced to  believe,  by  feveral  particulars  ; as,  by  thofe  little  motes  we  fee 
floating  up  and  down  in  the  fun-beams  ; by  the  tremulous  motion,  which 
that  of  fwarms  of  little  bodies  in  the  air,  feems  to  impart  to  diftant  objedte, 
view’d  after  fun-rife  through  a good  telefcope  *,  and  by  the  fufion  of  fait 
of  tartar  in  the  air  *,  which  would  not  happen,  if  the  moift  vapours,  that 
help  to  conftitute  it,  did  not  move  about  therein  *,  and  were  not  thereby 
brought  to  the  fait,  and  enabled  to  inflnuate  themfelves  into  its  pores,  and, 
by  that  means,  diflolve,  and  reduce  it,  with  themfelves,  into  a liquor. 

And,  even  in  fummer,  when  the  air  is  drier,  than  at  other  feafons,  we  may 
difcover  plenty  of  aqueous  corpufcles  floating  in  it  ; from  their  gathering  in 
drops  upon  glals,  and  fuch  hard  bodies,  wherein  any  cold  thing  is  con- 
tain’d. Whence  ufeful  hints  may  be  taken,  of  catching  a fait  and  liquor 
out  of  air,  barely  by  glafs  veflfels  of  a peculiar  and  fkilful  contrivance.  And 
experience  has  taught  us,  that  it  is  not  difficult,  by  a convenient  furnace, 
to  make  even  lead  afcend  to  a very  great  height  in  the  open  air,  in  the  form 
of  fmoak.  And  tho*  quick-filver  be,  excepting  gold,  the  heavieft  known 
body  in  the  world  ; yet,  when  it  is  reduced  into  vapour,  it  feems  to  be 
carried  to  and  fro,  like  other  particles,  which  fwim  in  our  air  : for  an 
expert  gilder  complained  to  me,  that  its  fumes  wrould  often  lay  hold  of  his 
gold  rings,  and  change  them  white. 

But  let  us  return  to  vifible  liquors,  and  fee  whether  their  infenfible  parts 
may  not  be  every  way  agitated,  tho’  their  motion  be  feldom  vifible.  Dif- 
folve  any  quantity  of  ordinary  coin’d  filver  in  Aqua  for tis^  pour  the  folution 
into  twelve  or  fifteen  times  as  much  fair  water ; and  then  decant,  or  filtre 
the  mixture,  that  it  may  be  very  clear.  If  you  look  upon  this  liquor,  the 
parts  of  it  will  feem  to  be,  all  of  them,  as  perfe&ly  at  reft,  as  thofe  of 
common  water  : nor  will  your  eye  be  able  to  diftinguifh  any  corpufcles  of 
filver  fwimming  in  the  liquor  *,  yet,  that  there  are  fuch  metalline  corpufcles 
agitated  to  and  fro,  with  and  by  thofe  of  the  water,  will  quickly  appear, 
if  you  immerfe  into  it  a flat  piece  of  clean  copper ; for  you  fhall  fee  the 
particles  of  filver  faften  themfelves  in  fwarms  to  the  copper-plate,  and  cover 
it  with  a loofe  cafe  of  filver,  eafily  to  be  fhaken  off  in  the  form  of  a metal- 
line powder  : and  if  feveral  fuch  plates  be  left  all  night  in  the  bottom  of 
the  veffel,  you  may,  the  next  day,  find  all  the  particles  of  filver,  that  were  . 
difperfed  through  the  whole  body  of  the  liquor,  fettled  upon  them  ; a deep 
bluifh  green  tindture  appearing  in  the  water,  and  proceeding  only  from 
fome  little  parts  of  the  copper  diffolved  by  the  menftruum.  And,  to  com- 
pleat  the  experiment,  I have  made  even  thefe  fall  to  the  bottom  of  the  vef- 
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fel,  by  leaving  a lump  or  two  of  fpelter  there  for  two  or  three  days : for 
not  only  thofe  metalline  corpufcles,  that  were  juft  over,  or  near  to  the  de- 
terminate place,  where  I put  the  fpelter  *,  but  all  the  reft,  into  how  remote 
parts  foever  of  the  liquor  diffufed,  fettled  upon  it ; as  appear’d  both  by 
its  increafe  of  bulk,  and  by  their  leaving  the  water  clear  and  colourlefs  : 
which  plainly  feems  to  have  proceeded  from  hence,  that  the  particles  of  the 
water  were  reftlefsly,  and  every  way  agitated  ; and  fo,  by  frequently 


glidin 


g along 


the  furface  of  the  fpelter,  carry’d  thither  the 


at 


corpufcles  of 
mother,  till* 


the  copper  mixed  with  them,  fome  at  one  time,  and  fome 
at  length,  all  were  brought  to  it,  and  detained  there. 

But  farther,  to  try  this  agitation  in  fpirit  of  wine  *,  I let  fall  into  a wide- 
mouthed glafs,  fill’d  with  that  liquor,  a little  common  oil  of  turpentine  ; 
and  the  drops  fwimming  at  the  top,  continued  to  move  to  and  fro,  in  an 
irregular  pleafing  manner,  for  above  half  an  hour  •,  till  the  fpirituous  parts 
being  flown  away,  they  refted  upon  the  remaining  fluid,  as  they  would  up- 
on common  water.  I repeated  the  experiment,  with  the  fame  fuccefs,  in 
another  inflammable  liquor  •,  and  found,  not  only  that  the  oil,  but  fome 
fmall  ftraws  alfo,  gently  let  fall  upon  the  furface  of  the  fpirit,  were  tumul- 
tuoufly  carried  about  thereon.  And  this  agitation  of  the  minute  parts, 
not  only  holds  in  light  and  fpirituous  liquors  ; but  that  the  infenfible  parts, 
even  of  the  heavieft  fluids,  are  alfo  in  acftual  motion,  will  follow  from  what 
has  been  deliver’d  of  the  nature  of  fluid  bodies  : and  may  be  confirmed  by 
this*,  that  as  three  of  the  heavieft  liquors,  we  yet  know,  are  quick-filver, 
oil  of  tartar  per  deliquium , and  oil  of  vitriol ; the  firft  will,  even  in  the 
cold,  enter  the  pores  of  gold,  and  deftroy  its  texture  ; the  liquor,  alfo,  of. 
fait  of  tartar,  will,  in  the  cold,  draw  tindtures  from  feveral  bodies ; and 
the  agitation  in  oil  of  vitriol  appears,  from  its  corroding  metals,  and  dif- 
foiving  camphire  without  heat.  Whoever  yet  doubts,  whether  the  parts 
of  thefe  two  oils,  as  they  are  called,  are  fiercely  agitated,  may,  probably, 
be  foon  fatisfied,  by  fhaking  a little  of  them  together,  and  obferving  the 
heat,  hiding,  ebullition,  and  fparkling  that  will  fuddenly  enfue. 

But  though  it  be  effential  to  fluids,  that  their  parts  eafily  fhift  places  ; 
yet  this  is  to  be  underftood,  only  as  to  the  parts  of  the  fame  fluid,  as  water  *, 
or  of  fuch  different  ones,  as  are.  difpofed  to  admit  each  other’s  particles,  and 
unite  together  as  water  and  wine  : otherwife,  they  may  be  of  fuch  diffe- 
rent' natures,  that,  when  two  or  more  of  them  are  put  together,  they  will 
not  mix,  but  each  retain  its  own  diftindt  furface  *,  as  is  obvious  in  oil, 
which  mixes  not  with  water  ^ and  quick-filver  will  not  incorporate  with  any 
of  the  common  liquors. 

Why  different  As  to  the  caufe  why  thefe  liquors  retain  diftindl  furfaces,  I fhall  here 
contiguous  only  cbferve,  in  general,  that  it  feems  to  depend  very  much  upon  the 
J their  furff ace S texture  of  them,  and,  perhaps  too,  upon  the  peculiar  motions  of  their  mi- 
dijlinft.  nute  parts.  For  though  pure  fpirit  of  wine,  and  fait  of  tartar  refolved 
into  a liquor  by  the  air,  will,  when  put  together,  retain . diftindl  furfaces,/ 
or  prefently,  regain  then?,  tho’  you  fhake  the  liquors  ever  fo  ftrongly  toge- 
ther * yet,  by  adding  a little  fair  water  to  either  of  them,  the  texture  be- 
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ing  thereby  altered,  it  will  cafily  incorporate  with  the  other.  And  thus.  Physics. 
tho’  common  fpirit  of  turpentine  will  not  mix  with  fpirit  of  wine;  yet,  if' 
fkiifully  drawn,  with  a very  gentle  fire,  they  may,  by  fhaking,  be  united. 

And  again,  tho’  lixiviate  falts  and  oils  will  not  join  ; yet,  by  digefting,  for 
fome  time,  a folution  of  fait  of  tartar  with  oil  of  almonds,  I could  reduce 
them  to  a foft  foapy  fubftance. 

A farther  difference  obfervable  in  contiguous  fluids,  is,  that  fome  of  them 
not  only  refufe  to  unite  with  others,  but  fafhion  their  furfaces  to  determinate 
lbapes  ; for  having  pour’d  fpirit  of  wine  upon  oil  of  tartar  per  deliquiumy 
I found  that  the  fuperficies,  wherein  they  touched,  was  flat,  or  parallel  to 
the  horizon  : but  if  this  were  done  in  a very  narrow  glafs,  with  the  mouth, 
open,  tho’  the  lower  furface  of  the  fpirit  of  wine,  which  touched  the  other 
liquor,  appear’d  very  level  *,  yet  the  upper  fuperficies,  contiguous  to  the 
air,  was  very  manifeftly  concave.  And  if  to  thefe  two  liquors,  in  a broader 
glafs,  oil  of  almonds  were  poured,  it  would  fink  to  the  bottom  of  the  fpi- 
rit of  wine  ; and,  floating  upon  the  oil  of  tartar,  feparate  the  two  liquors, 
and,  both  above  and  below,  retain  a flat  or  level  furface.  But  if,  inftead  of 
oil  of  almonds,  I dropped  into  pure  fpirit  of  wine,  fwimming  upon  oil  of 
tartar,  fome  common  oil  of  turpentine,  this  oil  would  gather  into  parcels  ; 
which,  in  cafe  they  fwam  in  the  fpirit  of  wine,  and  touched  neither  of  its 
furfaces,  feemed  globular  ; and  continued  fo  (the  glafles  being  flopped)  for 
many  hours  : but  if  they  emerged  to  the  upper  part  of  the  fpirit  of  wine, 
as  much  of  them  as  lay  immerfed  in  the  fpirit,  appeared  round  ; and  con- 
tinued fo  as  long  as  I pleafed  ; the  upper  parts  only  of  thole  little  globes  ap- 
pearing to  have  the  fame  furface  with  the  fpirit.  I farther  obferved,  that  fome 
lmall  drops  would  conftantly  reft  upon  the  fuperficies  of  the  oil  of  tartar,  touch- 
ing it  but  in  a point,  and  continuing  to  the  eye  fpherical  ; tho’  the  furface 
of  the  liquor  were,  now  and  then,  purpofely  fhaken.  But  I more  parti- 
cularly obferv’d,  that  having,  into  pure  fpirit  of  wine,  let  fall  fome  large 
drops  of  oil  of  turpentine  ; they,  at  firft,  funk  to  the  bottom  of  it,  and  lay 
upon  the  furface  of  the  oil  of  tartar,  almoft  like  hemifpheres,  whofe  coa- 
vex  part  wus  all  above  the  oil  of  tartar  : but,  after  a while,  they  were 
prefs’d  on  all  fides,  and  fafhion’d  into  round  bodies.  1 took  equal  quan- 
tities of  common  oil  of  vitriol,  and  common  oil  of  turpentine  ; and,  very* 
gradually  putting  them  together,  obtained  an  opake,  and  very  deep-colour’d  • 
mixture,  whofe  confifle-nce  was  much  thicker  than  either  of  the  liquors 
which  compofed  it.  And  to  fliew,  that  the  difpofition  of  thefe  liquors,  to 
unite  thus  loon  together,  depended  much  upon  their  texture  ; we  warily 
diftilled  the  mixture,  and  obtained  a certain  grols  fubftance,  which  feemed 
to  mediate  the  former  union  betwixt  them  : for  this  fubftance  being  fepa- 
rated,  and  thereby  the  texture  of  one  of  the  fluids,  or  perhaps  both,  be- 
ing changed,  the  liquors,  which  came  over  very  clear  into  the- receiver, 
fwam  upon  one  another  : nor  have  I finee  been  able,  by  fluking  them  to- 
gether, to  confound  them,  for  any  confiderable  time  ; but  they  prefently 
part  again,  and,  to  this  day,  remain  both  diftinft,  and  transparent.  Now, 
drops  of  water,  quick-filver,  and  other  fluids,  fecming  to  be  fafhioned  into 
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a round  figure,  by  the  equal  prefifure  of  the  ambient  air ; I thought  pro- 
per to  intimate,  how  fome  experiments  might  be  made  to  account  for  the 
figuration  of  the  more  confiderable  fluids,  which  make  up  much  the  greater 
part  of  the  univerfe  •,  efpecially,  fince,  *tis  probable,  that  fuch  deams  of 
the  terredrial  globe,  as  may  well  be  fuppofed  the  chief  ingredients  of  our 
atmofphere,  may,  like  a liquor,  retain  a iuperficies  diftin6b  from  that  of  the 
furrounding  and  contiguous  body. 

Diflblve  one  ounce  of  clean  common  quick- filver  in  two  of  pure  Aqua 
fort  is , fo  that  the  folution  may  be  clear  and  total  •,  whild  ’tis  yet  warm, 
pour  in,  by  degrees,  half  an  ounce,  or  an  ounce  of  lead  filings  ; and  if  no 
error  has  been  committed,  or  unlucky  accident  intervened,  the  lead  will 
immediately  be  precipitated  into  a white  powder,  and  the  mercury  reduced 
to  a mafs  of  running  quick-filver,  over  which  will  fwim  the  remaining  part 
of  the  Aqua  fort  is.  Whence  we.  fee,  that  liquors,  being  reduced  to  very 
minute  parts,  may  unite  *,  the  corpufcles  of  the  one  fupporting  thofe  of 
the  other  ; whild,  the  texture  of  the  one  being  varied,  they  retain  didinCt 
furfaces. 

Before  we  quit  this  fubjeCl,  it  mud  be  farther  obferved,  that,  not  only 
in  fluid  bodies,  but  in  fome  alfo  of  thofe  which  are  confident,  there  may, 
perhaps,  be  more  motion,  than  our  fenfes  difcern.  A duller  of  fwarming 
bees,  view’d  at  a diflance,  feems  to  be  one  intire  body  *,  yet  each  parti- 
cular bee  has  its  didinCl  and  peculiar  motions  : but  thefe  motions  of  them 
all  deftroy  not  the  coherence  of  the  duller  ; becaufe,  when  one  of  the 
innermoll  bees  removes,  as  fhe  lets  go  her  hold  from  thofe  whereon  fhe 
reded  before,  and  quits  thofe  which  reded  upon  her,  fo  fhe  meets  with 
others,  on  which  to  faden  i and  comes  under  others,  which,  in  like  man- 
ner, fet  their  feet  on  her  : fo  that,  by  this  change  of  mutual  fupports,  their 
coherence,  and  removes,  are  made  confident  : and  if,  indead  of  bees, 
the  fwarm  confided  of  extremely  minute  flies,  their  particular  motions 
would,  perhaps,  be  inconfpicuous.  And  that  fome  fuch  thing  may  happen 
in  confident  bodies,  feems  probable  ; becaufe,  in  wainfcot,  and  other  hard 
wood,  we  often  fee  little  heaps  of  dud,  produced  by  putrefaction  : and  not 
only  in  cheefe,  but  in  apples,  and  other  fruits,  we  often  find  maggots, 
tho’  the  rind  be  whole  •,  which  could  not  happen,  unlefs  the  parts  of  the 
matter  were  varioufly  tranfpofed,  and  connected  after  a manner  luitable  to 
the  nature  of  the  infeCt  to  be  produced.  And,  by  the  growth  of  bones  in 
the  bodies  of  perfeCter  animals,  as  alfo  by  the  growth  of  the  fhells  of  oyf- 
ters,  and  fnails,  from  a fize  inconfiderable  at  fird,  in  regard  of  what  they 
afterwards  attain  to  •,  and  by  fome  other  refembling  particulars,  it  feems 
that  the  fmall  particles,  which  conditute  even  the  folid  parts  of  animals, 
are  not,  whild  the  creature  lives,  exempt  from  fome  local  motion.  It  hath 
been  affirmed  to  me,  by  a very  diligent  obferver,  that  he  faw  feveral  pieces 
of  gum  fweat  out  of  an  old  wainfcot,  that  had  flood  above  twenty  years  : 
and  I have,  feveral  times,  feen  vifcous  exfudations,  like  drops  of  turpen- 
tine, upon  deal-boards,  which  had  been  ufed  in  buildings. 
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We  might  now  difcourfe  of  the  advance,  or  hinderance,  in  refpecl  of  Physics. 
flui  ity,  that  one  body  may  receive,  by  being  mixed  with  another;  but  fffffce 
we  fh  ill,  at  prefent,  only  obferve,  that  it  is  not  fo  fafe,  to  foretel  the  con-  [fYodiesupll 
fiftence  of  a mixture  of  two  or  more  bodies,  from  the  bare  confideration  of .mixture,  hard 
the  confiftence  of  thofe  whereof  it  is  to  be  compounded.  And  to  examine t0  determine  a 
what  many  chymifts,  without  limitation,  teach,  as  to  the  addition  ofpriori> 
falls,  to  metalline  and  mineral  bodies,  to  facilitate  their  fufion,  I dif- 
folved  crude  copper  in  fpirit  of  nitre  ; and,  by  evaporation,  reduced  the 
folution  to  a vitriol.  We  alfo  corroded,  with  two  parts  of  fpirit  of  nitre, 
one  of  good  tin,  and  fuffered  the  mixture  to  reduce  itfelf  to  a fubftance, 
almoft  like  meal  ; of  this  mixture,  we  put  a parcel  into  a crucible,  and 
made  it  red-hot : we  alfo  expofed  fome  of  it  to  a ftrong  naked  fire,  with- 
out finding  it  fufe  at  all ; tho’  falt-petre  be  a fufible  fait,  and  tin  very  eafy 
to  melt.  And  tho’  copper  be  of  much  harder  fufion,  not  only  than  tin, 
but  even  than  filver  ; yet,  being  joined,,  per  minima , with  the  fame  kind  of 
nitrous  corpufcles,  that  had  fuch  a contrary  eftedl  upon  tin,  fo  flrangely 
difpofed  it  to  fufion,  that  the  vitriol  v/ould  melt  with  the  heat  of  one’s  hand. 

Nay,  we  have  made  fuch  a vitriol,  either  with  fpirit  of  wine,  or  Aqua  fort  is  y 
as  would,  even  in  winter,  ftand  melted  for  feveral  hours  together,  by  the 
heat  of  the  fun  fhining  on  it  thro*  a window.  So  fit  it  is,  that  we  confi- 
der,  as  well  the  new  texture,  which  mixed  bodies  obtain  by  the  affociation 
of  their  particles,  as  the  confiftence  of  the  particular  bodies,  before  they 
are  mixed. 


SECT.  II. 

THE  chymifts  afcribe  the  firmnefs  of  bodies  to  fait  ; and  tell  us  that  is  Firmnefs , 
the  principle  of  coagulation,  and  the  caufe  of  folidity.  But  tho*  thisw^*? 
opinion  be  fo  generally  receiv’d,  that  it  may  feem  fuperfluous  to  enquire  af- 
ter other  caufes  of  thefe  qualities  ; yet  we  fhall  venture  to  confiderthe  mat- 
ter. And,  having  already  taken  a general  view  of  fluidity,  let  us  trv  what 
light  it  will  afford  us,  to  difcover  the  nature  of  firmnefs.  Now/  fince 
fluidity,  and  liability,  are  contrary  qualities,  they  mull  be  apprehended 
under  contrary  notions ; we  may,  therefore,  conceive,  that  the  firmnefs,  or 
liability  of  a body,  con  fills  principally  in  this  *,  that  the  particles  which 
compofe  it,  being  fomewhat  grofs,  are  alfo  at  reft,  and  have  a mutual  co- 
hefion,  whereby  they  are  rendered  unapt  to  diffufe  themfelves  every  way  : 
fo  that  its  three  principal  caufes  appear  to  be  grolfnefs,  quiet  contadl,  and 
an  implication  of  the  component  parts. 

As  to  the  firft,  larger  corpufcles  being,  ceteris  paribus^  harder  to  be  put  Fhe  reqnifites 
into  motion  than  lefs,  when  they  are  once  at  reft  ; it  is  obvious,  that  a body,  tofirmnej}  '* 
confifting  of  fuch  particles,  is  lefs  difpofed  to  become  fluid,  and  confequent- 
ly  more  apt  to  continue  firm,  than  if  its  component  parts  were  fmaller, 
and  thereby  more  eafy  to  be  difplaced.  By  grofs  corpufcles,  I underftand 
fuch  as  are  fcarce  divifible  into  lefs,  by  the  agitation  of  the  ambient  air, 
or  any  other  caufes  of  fluidity,  And  in  fpeaking  of  the  fitnefs  of  grofler 
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Physics,  corpufcles  to  make  a firm  body,  I add  cat  eris  paribus,  becaufe  *tis  pofllble, 
that  the  breaking  of  the  fmall  parts  of  a body  into  minute  particles,  may 
the  more  fit  them  to  contribute  to  the  firmnefs  of  the  body  whereto 
they  belong.  For  the  parts  of  the  divided  corpufcles  may,  by  their  com- 
minution, acquire  a new,  and  perhaps  a more  irregular  fhape  than  be- 
fore *,  upon  which  account,  they  might  be  more  difpofed  to  be  entangled 
among  the  neighbouring  particles,  or  be  better  fitted  to  get  into,  and  fill 
the  pores  of  fome  kind  of  bodies.  And,  in  fuch  little  particles,  not  only 
the  minutenefs  may  make  them  lie  clofer  together,  and  confequently  the 
better  exclude  the  air ; but  the  greatnefs  of  the  furface,  in  proportion  to 
the  bulk  of  the  matter,  may  perhaps,  in  fome  cafes,  occafion  a fuller  con- 
tad:,  and  fo  facilitate  the  conftitution  of  a very  firm  body,  in  cafe  thefe  mi- 
nute parts  fhall  be  difpofed  to  the  bed  advantage  for  a full  contad:  with  one 
another.  But,  from  what  was  delivered  of  the  fize  of  parts,  in  treating  of 
fluidity,  it  may  eafily  be  underftood,  how  much  the  magnitude  of  them 
will  conduce  to  firmnefs.  We  now  pafs  on  to  the  two  other  requifites  of 
confident  bodies,'  the  one  whereof  is  the  bare  reft  of  the  parts  which  com- 
pofe  the  firm  body  *,  and  the  other,  the  intricate  texture  of  fuch  parts.  And 
either  of  thefe  feems,  alone,  fufficient  to  render  a body  (table  •,  tho*  nature, 
perhaps,  often  makes  ufe  of  both,  to  fallen  the  parts  of  the  fame  body 
more  firmly  together. 

If  two  bodies  be  once  at  reft  in  contact,  they  muft  continue  in  that  ftate, 
till  fome  force,  able  to  over-power  their  refiftance,  difturbs  them.  And, 
whatever  is  faid  of  the  conftant  mobility  of  atoms,  yet,  that  feveral  parts  of 
matter  may  compofe  bodies,  which  need  only  juxta-pofition  to  unite 
them,  whereby  the  air,  or  other  fluids  that  might  diffociate  them,  are  ex- 
cluded, I am  inclined  to  think,  by  what  I have  obferved  in  grinding  of 
glafies  : for  here  fometimes  the  convex  furface  of  one  body  being  ground  up- 
on the  concave  furface  of  another,  the  two  furfaces  will  be  fo  clofely  fitted 
to  one  another,  that  a man  is  not  able,  without  breaking  one,  or  both,  to  pull 
them  dire£lly  afunder  •,  but  if  you  will  fever  them,  you  muft  be  obliged  to 
make  one  (lip  along  the  furface  of  the  other  : which  makes  the  glafs-grinders 
often  complain  of  the  trouble  they  meet  with  in  feparating  fuch  bodies. 
Nay,  if  you  lay  two  flat  glafies,  ground  very  true,  and  well  polifhed,  upon 
one  another,  fo  that  their  furfaces  may  almoft  every  where  touch,  you  may 
by  lifting  up  the  upper,  raife  the  lower  with  it,  as  if  the  two  plates  of  glafs 
made  but  one  body.  And  I have  often  taken  up  four  or  five  pieces  of  glafs 
at  once,  thus  laid  and  prefs’d  one  upon  another  *,  and  might,  perhaps,  have 
taken  up  a greater  number.  Experience  alfo  allures  us,  that  if  a looking-glafs 
be  held  very  level,  with  the  unfoliated  fide  downwards,  and  you  rub  a piece 
-of  other  very  flat  fmooth  glafs  a little  againft  it  j you  may  eafily  by  that  way 
only,  fallen  them  to  one  another,  fo  that  the  lower,  tho*  large,  will  be 
ftrangely  fufpended  between  the  uppermoft  and  the  ground.  And,  by  the 
fame  way,  we  have  made  one  confiderably  thick  piece  of  marble  take  up  ano- 
ther, having  firft  caufed  their  flat  furfaces  to  be  carefully  ground.  Nor  is  it 
requifite,  that  the  glafies  be  flat,  to  make  them  adhere  very  clofely  together, 
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provided  their  immediate  contadt  be  made  in  a large  furface : For,  having, 
purpofely,  applied  a long  glafs-ftopple,  of  an  almoft  conical  figure,  and  well 
ground,  to  rhe  mouth  of  a thick  quart-bottle,  whole  neck  was  long,  of  a 
figure  convenient  to  receive  the  ftopple,  and  ground  within  fit  for  it  ; we 
found,  that  thefe  two  glafs-bodies,  touching  one  another  in  a multitude  of 
ports,  adhered  together  fo  clofely,  that,  when  the  ftopple  was  carefully  put 
in,  we  could  eafily  lift  up  the  bottle  by  it,  with  above  a pound  of  liquor  in 
it  *.  Yet  here  we  muft  obferve,  that  the  (ticking  together  of  fuch  bodies  as  Vhe  prejfurt  <f 
are  of  a fenfible  bulk,  and  whofe  fmooth  furfaces  immediately  touch  one^  atmofphert 
another,  may,  poffibly,  not  proceed  fo  much  from  their  parts  being  at  reft  ^efaninbodin. 
among  themfelves  •,  and,  by  their  immediate  contact,  making  up,  as  it 
were,  one  body  ; as  from  the  prefiure  of  the  atmofphere,  proceeding 
from  the  weight  of  the  ambient  air,  and  from  a kind  of  fpring,  by  virtue 
of  which,  the  air  continually  prefifes  upon  the  bodies  contiguous  to  it*, 
though,  thro’ negligence,  and,  perhaps,  fo  me  other  caufes,  we  neither  feel 
it  in  our  own  bodies,  nor  take  notice  of  it  in  others.  Now  this  prefiure 
of  the  air  every  way,  being  fuppofed,  I think  the  mutual  adhefion  of  the 
fmooth  bodies  we  (peak  of,  may,  probably,  be  aferibed  to  this  that  when  • 
the  fmooth  furfaces  of  two  pieces  of  glafs,  fo  exquifitely  touch  one  another, 
that  none  of  the  ambient  air,  is  either  intercepted,  or  admitted  between  them, 
the  under  glafs  will  fuffer  no  prefiure  on  that  fide,  which  touches  the  *. 
upper,  the  parts  of  the  upper  glafs  having  no  fenfible  fpring  in  them  *,  whilfi; 
that  fide  of  the  under  one,  which  is  expofed  to  the  air,  will  be  prefled  upon 
thereby : and  there  being,  as  we  faid,  no  elafiical  prefiure  on  the  other 
fide  of  the  glafs  to  ballance  this,  no  wonder  that  the  lower  glafs  fhould 
not  fall  off  from  the  other,  fince  the  weight  that  would  carry  it  down- 
wards, is  much  too  fmall  to  overcome  that  force  of  the  air,  which  thrufts 
it  againff  the  upper  glafs.  Thus  if  a man  fhould,  with  his  hand,  thruft  a 
plate  of  iron,  broad- wife,  againft  the  flat  ceiling  of  a chamber;  the  iron 
would  not  fall,  as  long  as  the  force  of  the  hand  continues  to  prefs  againft 
it.  Nor  is  it  material,  that,  in  our  cafe,  the  prefiure  of  the  atmofphere 
is  fuppofed  to  force  the  lower  glafs  upwards : for  if  we  fuppofe  the  air  to  con- 
fift  ot  innumerable  little  fprings,  bearing  upon,  and  fupporting  one  another, 
the  lower  whereof  are  bent  by  the  weight  of  all  the  reft,  incumbent  on 
them ; it  will  be  eafy  to  conceive,  that,  near  the  furface  of  the  earth,  it  may 
prefs  almoft  equal  every  way  ; and  by  a kind  of  recoil,  from  the  terreftrial 
globe  upwards,  ftrongly  force  any  body,  upon  which  it  can  bear,  againft 
any  other,  which  has  no  fuch  elaftic  power  to  repel  a body  fo  prefied  a- 
gainft  it.  * 

We  (hall  now  proceed  to  confirm  our  conjecture  as  to  thereafonwhy  fmooth 
bodies  (tick  together,  barely  by  juxta-pofition,  or  contact.  And,  firft,  tho*  a 
piece  of  flat  glafs  may  be  fufpended  by  a looking-glafs,  held  parallel  to  theho- 


* This  ftrong  cohefion  of  the  parts  of  mat- 
ter, is  by  Sir  l/aac  Newton  attributed  to  a prin- 
ciple of  attra&ion,  which,  in  immediate  con- 


tact, is  exceeding  ftrong,  but  reaches  not  far 
from  the  particles  with  any  fenfible  effett.  See 
Newton.  Optic . p.  351  —372. 
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Physics.  riz°n-  ; yet,. if,  by  inclining  the  looking- glafs,  it lofeth that  level,  the fmaller 
j glafs  will  Aide  downwards  upon  the  furface  of  the  greater.  The  reafon 
whereof  feems  to  be,  that  the  gravity  of  the  lower  glafs  does  not  confi- 
derably  refill  the  horizontal  motion  of  it,  only  the  motion  upwards  ; but 
chiefly,  becaufe  the  ambient  air  is  contiguous  to  the  edges  of  the  glafs, 
as  well  on  the  one  fide,  as  on  the  other : and  fo  the  prefilire  of  the  air  be- 
ing equal  on  every  part  of  the  edges,  the  gravity  of  the  fmaller  glafs  is  not 
hindered,  by  the  air,  from  Aiding  down  the  fhelving  furface  of  the  greater; 
w hereas,  of  the  broad  and  flat  Aides  of  the  lower  glafs,  the  one  is,  as  we 
faid,  prefled  by  the  fpring  of  the  air  ; whilfl  the  other  fuffers  no  fuch  pref- 
fure  from  the  looking-glafs,  to  which  it  was  applied.  And  fo,  if  you  take 
a Anal  1 open  -mouthed  glafs,  and  plunge  it  into  a veflel  full  of  quick-filver, 
with  the  mouth  upward,  that  the  quick-fllver  may  All  it,  without  leaving 
any  air  in  it ; and  if  then,  whilfl:  it  is  under  the  quick-fllver,  you  turn 
the  mouth  downwards,,  and  fo,  keeping  it  upright,  lift  it  up,  till  the 
mouth  be  almofl  come  to  the  top  of  the  mercury  •,  the  glafs  will  remain 
almofl  full  of  quick-fllver,  tho’  the  upper  furface  of  the  liquid  metal  in  the 
glafs  be  much  higher,  than  the  level  of  the  furface  of  the  quick-fllver  in  the 
veflel : and  this  will  continue  fo,  tho’  yoitincline  the  glafs,  provided  you 
keep  the  mouth  of  it  within  the  mercury.  The  experiment  will  alfo  fucceed, 
when  made  with  water.  The  reafon  hereof  feems  to  be,  that  the  glafs 
hinders  the  quick-fllver  in  it  from  the  preflureof  the  incumbent  air;  where- 
as, the  quick-fllver  in  the  veflel  being  expofed  to  it,  muft,  thereby,  be 
neceflarily  forced  up  againfl  the  furface  of  the  inverted  bottom  of  the 
glafs,  where  it  meets  no  elaftic  power  to  drive  it  downwards  : for  that  it 
not  nature’s  abhorrence  of  a vacuum,  which  keeps  the  quick-fllver  from 
defending,  till  fome  air  can  come  to  fucceed  in  its  room,  feems  clear  from 
the  T orricellian  experiment.  And  to  fhew,  that  it  is  not  fo  much  the  mere 
contaCl  of  bodies  in  a.  large  furface,  as  its  being  ordinarily  requiflte  to  the 
excluflon  of  air,  which,  at  leaft  here  below,  keeps  bodies  from  falling  afun- 
der  ; having,  out  of  a large  glafs,  caufed  a certain  quantity  of  air  to  be  ex- 
tracted, we  found,  that,  by  immediately  applying  a book  to  the  narrow  ori- 
fice of  the  veflel,  the  book  was  afterwards  readily  lifted  up,  and  fuflained  in 
the  air,  as  long  as  we  pieafed.;  tho’  the  furface  of  the  fufpended  body  could 
be  touched  but  by  the  ring,  which  incircled  the  orifice  of  the  veflel ; and 
tho’  the  weight  taken  up  exceeded  twenty  ounces.  The  caufe  whereof  feems 
plainly  this  ; that,  by  the  exfu&ion  of  fome  air  out  of  the  glafs,  the  elaftic 
power  of  the  remaining  part  was  much  weaken’d,  in  companion  of  the 
fpring  of  the  external  air  ; which  being  able  to  prefs  the  book  againfl  the 
orifice,  of  the . veiTef  with  greater  force,  than  the  internal  air  could  refill, 
the  mouth  and  lips,  of  ■ the  veflel,  on  this  occaflon,  perform’d  the  part  of 
an  intire  furface,  exaflly , fmooth..  And,  by  the  way,  upon  this -principle 
may,  poflibly,  depend  the  folidity  of  glafs : for  though  its  parts  feem  not 
at  all  interwoven,  and  appear  very  fmooth  and  flippery  ; yet,  flnce  the  fire, 
which  brought  them  to  fufion,  may  well  be  fuppofed  to  have  fub-divided 
them  into  veiy  final! 1 particles,  and  to  have  thereby  afli'fled  to  exclude  the 
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air  from  between  them,  ’tis  no  wonder,  if* the  immediate  contact  of  fuch  Physics 
fmall  corpufcles  fuffices  to  make  them  hold  together  ; for  that  their  union  is 
drift  enough  to  keep  out  the  air,  appears,  fince  the  glafs-blowers,  and 
thofe  who  diflil  in  glafies,  find  not  that  it  can  enter  their  pores.  ’Twere 
alfo  proper  to  confider,  how  much  the  juxta-pofition  of  corpufcles, 

.crowded  together  by  fufion,  may  contribute  to  the  confidence  and  brittle- 
<nefs  of iait-petre,  and  other  bodies,  which,  from  an  incoherent  powder, 
are  readily  reducible  into  one  mafs : as,  likewife,  how  far  the  (ticking  to- 
gether of  the  fmall  parts  of  pendulous  drops  of  water,  and  fuch  other 
liquors  as  are  not  thought  to  confift  of  corpufcles  hooked,  or  branched, 
may  be  afcribed  to  the  contact  of  their  fmall  parts,  and  the  exclufion  of 
the  air.  But  to  return  : tho’  it  be  hence  manifeft,  that  the  air  hath  a 
itrong  fpring  *,  yet,  there  appears  no  great  necefiity  for  it  to  fhew  why 
the  two  fmooth  glafies  were  able  to  adhere  fo  clofely.  For  a probable  rea- 
fon  of  that  phenomenon  may  be  afiign’d  from  the  prefiure  of  the  air,  con- 
fidered  as  a weight.  And,  fird,  we  mud  remember  that  a cylinder  of 
air,  which  is  not  without  its  gravity,  recoiling  from  the  earth,  to  the 
impended  piece  of  glafs,  being  hindred  by  the  redding  furface  of  the  ter  - 
redrial  globe  from  falling  lower,  mud  diffufe  itfelf,  and,  confequently,  prefs 
as  well  upwards,  as  any  other  way.  Next,  we  mud  confider,  that  when 
the  furfaces  of  two  flat  bodies,  of  any  confiderable  breadth,  immediately 
touch  each  other,  and  lie,  both  of  them,  level  with  the  horizon  ; fince  the 
air  cannot  move,  in  an  indant,  from  the  edges  to  the  middle,  the  lower 
cannot  be  drawn  away  downwards,  in  a perpendicular  line  from  the  upper  j 
but,  by  reafon  of  the  diffnefs,  and  contaft  of  the  two  bodies,  it  mud  ne- 
cefifarily  happen,  that,  at  the  indant  of  their  feparation,  fhould  it  be  ef- 
fected, the  lowed  glafs  will  be  prefied  upon  by  the  whole  pillar  of  air*_ 
fuppofed  to  reach  from  the  top  of  the  atmolphere,  and  to  have  for  its  bafis, 
the  fuperficies  of  the  under  glafs.  For,  at  that  indant,  the  air  having  not 
time  to  get  in  between  the  two  glafies,  there  is  nothing  between  them, 
during  that  indant,  to  refid  the  prefiure  of  that  air,  which  bears  againd 
the  lower  fuperficies  of  the  undermod  •,  and,  confequently,  fuch  a re- 
vulfion  of  the  lower  glafs  cannot  be  effefted,  but  by  a weight,  or  force, 

■able  to  furmount  the  power  of  the  weight  of  the  above-mentioned  cylinder 
of  the  atmofphere.  Hence,  we  fee  it  is  not  neceflary,  that  the  contiguous 
furfaces  of  the  two  flat  glades  be  parallel  to  the  horizon  ; for,  if  held  per- 
pendicular to  it,  their  divulfion  would  not  ceafe  to  be  difficult,  provided 
it  were  attempted  by  fuddenly  pulling  one  of  the  broad  furfaces  from  the 
other,  in  a level  line,  and  not  by  making  one  of  the  furfaces  Aide  upon  the 
other  : for,  in  the  former  cafe,  the  feparation  of  the  contiguous  bodies 
will  be  hindred,  by  the  weight,  or  prefiure  of  the  lateral  air,  which  bears 
againd  the  broad  fides  of  the  glafies  contiguous  to  it.  But  as  in  thefe  cafes, 
we  fuppofe  the  fuperficies  of  the  two  glafies  to  be  fo  exaftly  fiat,  that  no 
air  can  come  between  them  -experience  has  inform’d  us,  that  it  is  ex- 
tremely difficult  to  procure,  from  our  ordinary  tradefmen,  either  glafies,  or 
marbles  ground  near  fo  true.  We  very  hardly  obtain’d  a pair  of  round 
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ysics.  marbles,  of  an  inch  or  two  in  diameter,  which  would,  for  two  or  three 
minutes,  hold  up  one  another  in  the  air  by  contact  j tho’  they  would  eafily 
raife  each  other,  if  the  uppermoft  was  drawn  up  nimbly,  before  the  air 
had  time  to  infinuate  itfelf  betwixt  them. 

But  to  make  fome  eflimate  of  this  power  in  the  air  ; having  provided  a 
pair  of  marbles,,  an  inch  and  half  in  diameter,  and  as  flat  and  fmooth  as 
poflible*,  and  confidering,  that  it  was  the  infinuation  of  the  air  between 
them,  which  hindered  them  from  kicking  ftrongly  together  ; fo  the  accefs. 
afforded  to  it,  was,  for  the  moft  part,  owing  to  that  inequality  of  their  fur- 
faces,  tho’  polifhed-,  we  fuppofed  that  the  intrufion  of  the  air  might,  for 
fome  time,  be  prevented,  by  wetting  the  furfaces  to  be  joined,  with  pure 
fpirit  of  wine  ; whilft  this  liquor,,  which  feems  the  freed  from  tena- 
city, would  not  prove  a cement  to  fallen  the  (tones  together,,  otherwife,., 
than  by  keeping  out  the  air.  But  becaufe  the  eafy  feparation  of  fuch 
fmooth  bodies,  which  adhere  but  by  contadl,  may  proceed  from  the  lead 
angular  inclination  * we  try’d,  in  the  firft  place,  to  fallen  to  the  upper  mar- 
ble certain  wires,  and  a button,  fo  that  the  lower,  when  joined,  might 
freely  fall  diredlly  down,  but  not  flip  afide,  being  hindered  by  the  wire. 
And  thus  the  dry  marbles  were  made  to  take  up,  and  fuflain  one  an- 
other ;•  fo  that  once,,  by  fuddenly  drawing  up  the  upper  marble,  we  took 
up,  together  with  the  lower  marble,  a fcale  with  a pound  weight  in  it. 
After  this,  we  moiflened  the  furfaces  of  the  marbles  with  pure  fpirit  of 
wine and  keeping  them,  by  our  wires,  from  flipping  afide,  we  caff  into 
a fcale,.  fadened  to  the  lower  of  them,  feveral  weights,,  at  feveral  times  ; and,, 
by  fuddenly  pulling  up  the  higher  (lone,  often  try’d  how  much  we  could 
draw  up  with  the  lower  ; and  fometimes  took  up  above  an  hundred  ounces-, . 
and  once  one  hundred  thirty -two  ounces  troy,  befides  the  fcale  that  contained 
them,  and  the  marble  itfelf-,  the  diameter  of  whole  furface  was  only  an 
inch  and;  two  thirds.  But,  becaufe  the  fpirit  of  wine  proved  too  fugitive 
and  fubtile  for  our  purpofe,  we  moiden’d  the  furfaces  with  a due  propor- 
tion of  oil  of  fweet  almonds  j and  thus  we  took  up  above  four  hundred 
ounces  troy,  hanging  at  the  lower  marble.  It  was  not  by  glewing  the  marbles 
together,,  that  the  oil  enabled  them  to  make  fo  much  greater  refidance, 
than  the  fpirit  of  wine  *,  for  in  cafe  the  flat  furfaces  of  the  joined  Hones 
were  held  perpendicular  to  the  horizon,,  fo  that  the  air  might  immediately 
fucceed,  as  the  loofer  marble  fhould  Hide  off,  the  weight  of  feveral  ounces 
was,  fometimes,  requifite  to  draw  them  down,  when  they  had  nothing  but 
fpirit  of  wine  between  them  tho’  they  would  eafily  Aide  off  from  one 
another,  when  join’d  together  with  oil  perhaps*  becaufe  the  fpirit  of 
wine,,  by  reafon  of  the  fmallnefs  and  penetrancy  of  its  parts,,  and  fugitive 
nature 4.  did  not  fo  well  fill  up  the  little  pores  of  the  furfaces  ^ whereby 
the  fmall  protuberances  of  the  one,  getting  into  the  fmall  cavities  of  the 
other,,  might  more  refill  the  Aiding  of  the  marbles  upon  one  another’s  fur- 
feces,,  than  the  oil,  whole  texture  is  better  fitted  to  render  their  furfaces 
fenooth.  and  flippery. 

And 
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And  to  fhew,  that  the  refinance  of  fuch  contiguous  marbles,  to  fepara-  Physics 
tion,  is  greater  in  thofe  which,  being  broader,  are  prefied  againd  by  a v— 1 
column  of  the  atmofphere  proportionably  larger  •,  we  caufed  two  marbles 
to  be  made,  three  inches  in  diameter : and  having,  after  the  manner  above- 
mentioned,  employ’d  fpirit  of  wine,  to  keep  out  the  air  from  between 
them,  we,  after  fome  tryals,  with  the  uppermod  of  them  took  up  the 
lower,  and  four  hundred  and  feventy  ounces.  But  making  ufe  of  oil  of 
almonds,  indead  of  fpirit  of  wine,  we  did,  with  our  own  hands,  twice  luc- 
ceflively  raife,  with  the  undermod  done,  thirteen  hundred  and  forty-four 
ounces  troy  ; and,  at  the  fame  time,  manifeftly  perceived  the  marble,  at 
which  it  hung,  to  dick  firmly  to  the  other  : yet  the  interpofed  oil  was  fo 
far  from  being  able,  as  a cement,  to  make  thefe  marbles  adhere  thus  clofe 
together,  that,  in  this  lad  experiment,  I made  them  very  freely  Hide  up- 
on one  another,  by  impelling  the  upper  to  the  right  hand,  or  left,  v/ith 
my  finger  ; and,  having  fome  time  before,  raided  a weight  not  much  in- 
ferior to  the  lad,  we,  prefently,  held  the  marbles  with  their  edges  down- 
wards, and  found,  that,  tho’  in  an  horizontal  pofition,  they  could  not  be 
feparated  by  fo  great  an  additional  weight,  they  now  prefently  fell  afunder 
by  their  own. 

I know  that  the  Peripatetics , and  generality  of  fchool-philofophers, 
will  afcribe  this  adhefion  of  marbles  to  nature’s  abhorrence,  and  dread  of 
a vacuum.  But  if  nature  did  fo  violently  oppofe  a vacuum,  it  is  not  like- 
ly, that  any  force  we  could  employ,  would  be  able  to  produce  one*,  yet,  in 
our  cafe,  we  find,  that  a little  more  weight  added  to  the  lower  of  the  two 
marbles,  will  furmount  their  reluctance  to  feparation,  notwithstanding  the  fup- 
pofed  danger  of  introducing  a vacuum  thereby.  But,  without  having  recourfe 
to  any  fuch  difputable  principle,  a fair  account  may  be  given  of  the  phe- 
nomenon, by  the  preffure,  or  weight  of  the  air.  Let  us  fuppofe,  that 
when  the  marbles  dick  firmly  together,  the  lower  of  them  were  fadened  to 
the  ground;  tho’  here  there  appears  no  reafon,  why  their  power  to  refid 
feparation,  fhould  be  lefs  then  before,  yet,  it  feems  evident,  that  the  up- 
permod  marble  could  not  be  perpendicularly  lifted  upr  but  by  a force, 
that  was,  at  lead,  able  to  raife  a weight  equal  to  that  of  this  marble;  and 
of  a pillar  of  air,  having  the  done  for  its  bafe,  and  reaching  to  the  top  of 
the  atmofphere  : fince,  at  the  indant  of  revulfion,  before  the  air  can  get  in 
between,  there  is,  for  ought  appears,  no  body  under  the  upper  marble,  to 
help  the  hand  to  l'udain  the  weight  of  that,  and  the  incumbent  cylinder 
of  the  atmofphere,  which  then  gravitates  upon  it,  and,  confequently,  upon 
the  hand  ; becaufe  there  is  no  air,  or  other  equivalent  body  underneath^ 
to  fudain  its  part  of  the  weight,  as  the  lower  air  does,-  with  regard  to 
the  heavy  bodies,  which  red  on  it,  and  to  the  weight  of  the  incumbent  air; 

We  need  not  therefore  wonder,  if  when  only  a lefs  weight  than  that  of  the 
mentioned  column  of  the  atmofphere  hangs  at  the  lower  marble,  it  fhould 
be  capable  of  being  drawn  up  by  the  upper,,  rather  than  differ  a divulfion 
from  it.  Thus  when  two  bodies,  being  fadened  together,  are  endeavoured 
to  be  drawn  afunder  by  forces  not  able  to  feparate  them,  they  will  ufually 

i ' both* 
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Physics.  both  more  that  "way,  towards  which  either  of  them  is  the  moft  ftrongly 
'"v— — ' drawn.  And  I have  fometimes  obferved,  in  trying  the  ftrength  of  load- 
ftones,  if  the  load-ftone  be  able  to  take  up  more  than  its  own  weight,  you 
may  as  well  lift  up  the  load-ftone  by  a knife,  as  a knife  by  the  load-ftone. 
And  tho’  one  accuftom’d  to  judge  only  by  his  eyes,  would  have  imagin’d, 
that  when  I held  the  great  weights,  formerly  mention’d,  fufpended  in  the 
air,  there  was  no  ftrong  endeavour  to  pull  the  upper  marble  from  the 
lower,  becaufe  my  hand,  being  for  a time  held  Ready,  fcemed  to  be  at  reft  ; 
yet  he  will  eafily  find  a great  miftake  therein,  who  lliall  confider,  that  nei- 
ther did  the  weight  fenfibly  appear  to  pull  the  lower  marble  downwards, 
tho’  my  hand  allured  me,  that  the  weight  had  not  loft  its  gravitation.  And 
once,  when  the  weight  was  cafually  fo  loofened  from  the  upper  marble,  as 
fuddenly  to  drop  down,  my  hand,  unawares,  was,  by  the  endeavour  it  em- 
ploy’d to  fuftain  the  fallen  weight,  carried  up  with  fuch  a violence,  that  I 
bruifed  it  againft  the  face  of  a by-ftander,  who  chanced  to  hold  his  head 
over  the  marbles. 

A brafs-valve,  an  inch  in  diameter,  being  cemented  to  the  fhorter  leg  of 
a long  glafs  fiphon,  left  open  at  the  end  of  the  other  *,  this  valve  was  let 
down  to  the  bottom  of  a long  glafs  body,  full  of  water  ; till  it  was  between 
a foot  and  half  a yard  beneath  the  furface  of  the  water,  when  the  water  in 
the  pipe,  reach’d  as  high  as  that  furface.  Then,  an  ounce-weight  was  put 
into  the  fcale  of  a balance,  oppofite  to  that  whereto  one  end  of  a ftring 
was  faftned  *,  its  other  being  connected  with  the  valve,  whole  parts  were 
thereby  to  be  drawn  afunder.  Now  when  the  water  was  emptied  out  of 
the  pipe,  and  the  valve  let  down  to  the  former  depth,  four  ounces  of  addi- 
tional weight  were  requifite  to  disjoin  the  parts  of  the  valve,  and  let  the 
water  get  between.  And  when  the  valve,  the  fiphon  being  freed  from 
water,  was  raifed  gradually  higher  together  with  the  pipe,  lefs  and  lefs 
weight  was  required  to  make  the  leparation  *,  an  additional  half  ounce 
proving  fufficient  to  disjoin  the  parts  of  the  valve,  when  held  but  a little 
below  the  furface  of  the  water.  From  this  experiment,  attentively  confi- 
der’d,  it  appears,  that  there  certainly  may  be  a great  repugnancy,  barely 
on  account  of  the  gravity  of  the  medium,  to  the  feparation  of  fmooth ‘bo- 
dies, join’d  by  immediate  contact.  But  farther,  having  at  length  fufpended 
two  coherent  marbles,  in  a large  glafs,  whence,  by  a certain  contrivance, 
the  air  might  be  gradually  exhaufted  *,  we  found,  whilft  any  confiderable 
quantity  of  air  remain’d  in  the  glafs,  the  lower  marble  continued  to  ftick  to 
the  other  ; but  if  the  air  was  farther  withdrawn,  the  lower  fell  from  the 
upper  : when,  if  the  latter  were  let  down  upon  the  former,  whilft  the 
glafs  remain’d  exhaufted,  the  upper  marble  might  eafily  be  raifed  without 
taking  up  the  lower  ; yet  when  the  air  was  let  in,  the  marbles  were  again 
ftrongly  prefied  together,  and  made  to  cohere. 

From  the  whole,  it  appears,  that  tho’  in  bodies  of  a fenfible  bulk,  whofe 
fmooth  furfaces  touch  one  another,  the  force  of  the  air  is  the  principal 
caufe  of  cohefion  ; yet,  it  feems,  in  general,  a fufficient  caufe  thereof,  that 
the  parts  of  the  body  be  at  reft  by  one  another  j though,  perhaps,  the  en- 
tire 
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tire  cone r:- non  be  removed  from  place  to  place.  For  bodies  of  fenfible  Physics. 
bulk,  b^i  g either  fluid  or  confiftent  •,  and  it  being  the  chief  requifite  of  a — v — * 
fluid  body,  that  its  fmall  parts  be  in  motion,  nothing  feems  neceflary  to 
keep  a body  from  being  fluid,  and  confequently  to  keep  it  firm,  but  that  its 
contiguous  parts  be  in  a ftate  of  reft. 

Another  requifite  to  firmnefs,  is  the  texture  of  the  parts  that  conftitute  ^*turr*  a*l0‘ 
a body  *,  for,  tho’  the  juxta-pofition,  and  reft  of  thefe  parts,  may,  pofli -firmnefs  *** 
bly,  alone  fuffice  to  make  the  body  ftable  ; yet  texture  feems  to  be  the 
moft  ufual  caufe  of  liability ; and  fometimes  alfo,  it  may  fuperadd  a de- 
gree of  that  quality  to  what  bodies  have  upon  the  former  account  only.  For 
tho’,  while  the  parts  of  the  body  are  a&ually  at  reft,  it  cannot  be  fluid  ; yet 
thofe  parts,  if  they  cohere  to  one  another  but  by  reft  only,  may,  ceteris 
paribus , be  much  more  eaflly  diflociated,  and  put  into  motion  by  any  ex- 
ternal body,  a&ually  moved,  than  they  could  if  they  were,  by  hooks,  or 
other  kinds  of  faftenings,  entangled  with  one  another;  it  being  often  ne- 
ceflary, in  this  cafe,  violently  to  break  off  thefe  faftenings,  before  the  little 
bodies,  join’d  together  by  them,  can  be  fet  free,  and  put  into  fuch  a fepa- 
rate  motion,  as  is  requifite  to  conftitute  a fluid  body.  We  formerly  illuftrated 
the  nature  of  fluidity  in  the  white  of  an  egg  *,  let  us  now  try,  whether  it 
will  alfo  aflift  us  in  our  fearch  after  the  caufes  of  liability.  When  an  egg 
is  made  hard  by  boiling,  fince  nothing  appears  to  get  in  at  the  Ihell,  unlefs 
fome  calorific  atoms,  and  perchance  fome  fmall  particles  of  water  *,  it  is  not 
eafy  to  difcover  from  whence  this  change  of  confiftence  proceeds,  unlefs 
from  a change  in  the  texture  of  the  parts,  whereby  they  are  conne&ed  anddif- 
pofed  after  a new  manner,  fit  to  make  them  reciprocally  hinder  the  freedom 
of  each  other’s  motions.  But  if,  inftead  of  hardening  the  whites  of  eggs 
by  the  heat  of  the  fire,  you  beat  them  into  a froth,  you  may  perceive  that 
froth  to  retain  the  nature  of  a ftable  body  •,  for  it  may  be  railed  up  into  a 
pyramid  of  a confiderable  height.  And  I have  made,  with  a little  care,  a 
long  and  proportionably  thick  body  of  thefe  bubbles,  hangdown  like  an  ificle 
from  my  finger,  without  falling : yet  in  thefe,  there  appears  no  alteration 
made  in  the  fluid  body,  except  a mere  mechanical  change  of  the  dilpofition 
of  its  parts  : which  may  be  confirm’d  by  water  agitated  into  froth  *,  for 
herein  the  bubbles  will  quickly  fubfide,  and  fall  back  into  water,  of  the  ve- 
ry fame  confiftence  it  was  of  before. 

Now  there  are  feveral  ways,  whereby  a body  may  be  put  into  a texture,  Several  way* 
proper  to  make  it  firm  ; tho’,  for  the  moft  part,  one  of  them  is  not  em-  of  producing 
ploy’d  a-part,  but  two  or  more  in  conjunction.  The  firft  and  chiefeft  of^"  ^exturr. 
thefe,  feems  to  be  the  fitnefs  and  fhapes  of  the  component  particles,  to  fallen 
them  to  each  other  ; as  if  fome  were  figur’d  like  the  handles  of  buckets,  and 
others  like  the  hooks  employ’d  to  draw  them  •,  fome  like  buttons,  others  like 
loops  ; fome  like  male,  others  like  female  ferews  : or,  as  if  many  together, 
were  fo  variously  branched,  that  their  parts  may  be  interwoven  one  within 
another,  and  not  prove  eafily  feparable  •„  thus  only  by  twilling  threads  to- 
gether, they  are  fo  well  fallen’d  to  one  another,  as  to  conftitute  a cable, 
which  is  not  to  be  broken  without  a vaft  force. 


And 
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Physics.  And  fo  numerous  may  be  the  correfpondent  figures,  fit  to  Fatten  bodies 

V— v4-— ' to  one  another,  that  it  is  very  poffible  for  two  fluids,  upon  their  conjun- 
ction, to  intangle  their  parts,  and  thereby  acquire  fuch  a new  textufe, 
that  they  cannot  diflociate  themfelves,  nor  flow  after  the  manner  of  liquors, 
but  remain  fo  connected,  and  unaCtive,  as  to  become  one  entire  firm  bo- 
dy. Something  like  this  appears,  upon  mixing  the  diftill’d  liquor  of  nitre, 
and  that  made  per  deliquium  out  of  fixed  nitre,  which  will  thus  prefent- 
ly  coagulate  into  faline  and  (table  bodies.  But  this  feeming  only  a re- 
union of  the  laline  particles,  that  fwam  in  the  aqueous  parts  of  the  mixed 
liquor,  which,  after  this  feparation,  remains  both  in  greater  plenty  than 
the  faline  parts,  and  as  fluid  as  before  •,  we  (hall  add  another  inftance, 
to  (hew  how  much  the  firmnefs  of  bodies  depends  upon  their  texture. 
If  you  take,  then,  the  rectified  fpirit  of  wine,  and  dephlegmed  fpirit 
of  urine,  and  mix  them  in  a due  proportion,  you  may,  in  a minute, 
turn  thefe  two  fluid  liquors  into  a confident  body  *,  and,  I have  imme- 
diately, upon  the  (baking  of  them,  feen  theip  (boot  like  (now,  and  ac- 
quire fuch  a confidence,  that  I could,  without  fpilling  the  mixture,  turn 
the  veflel  upfide  down.  But  this  experiment  will  not  fucceed,  unlefs  both 
the  fpirits  are  exactly  dephlegmed.  Yet  fo  much  doth  this  coagulation  de-  * 
pend  upon  the  fait  of  urine,  as  being  of  a particular  texture,  and  not  as 
barely  urinous,  that  fufficiently  rectified  fpirit  of  hart’s-horn  may  be  here 
ufed  in  its  dead  ; tho*  even  a rectified  fpirit,  drawn  from  unfermented  urine, 
hath  failed  of  producing  the  fame  coagulation.  But  it  is  farther  remarkable 
in  this  experiment,  that  the  white  fubdance,  being  put  into  a glafs-veflel, 
exaCtly  (lopp’d,  and  kept  in  a gentle  heat  for  fome  months,  will,  for  the 
greated  part,  refume  the  form  of  a limpid  liquor  *,  as  if  either  all  the  crooked 
particles,  that  connected  the  fmall  coalitions,  were,  by  this  means,  broken 
off ; or  the  fame  little  concretions,  after  various  attempts  to  get  clear  of 
each  other,  at  length  extricated  themfelves,  and  became  able  freely  to  fhift 
their  places,  and  form  a liquor.  And  having  digeded  a convenient  pro- 
portion of  pure  Saccharum  Saturni , made  with  fpirit  of  vinegar,  and  rec- 
tified fpirit  of  wine  together,  I found  the  mixture  fo  changed  in  point  of 
confidence,  that,  upon  inclining  the  containing  veifel,  none  of  it  would 
run  down  the  fides  : yet,  by  the  bare  addition,  even  of  a very  fix’d  and 
very  dry  body,  this  coagulum  may,  in  a few  hours,  be  reduced  to  a perma- 
nent liquor.  But,  becaufe  it  is  not  eafy  to  procure  fpirits  pure  enough  to 
make  this  experiment,  we  will  fet  down  another  quick  way  of  hardening 
one  fluid  body  by  another.  If  you  beat  the  white  of  an  egg,  till  it  be- 
come thin,  and  then  (bake  well  into  it,  about  half  its  quantity  of  true 
fpirit  of  fait,  the  mixture  will,  in  a few  minutes,  be  fo  coagulated,  that 
not  a drop  of  liquor  will  run  from  it.  Another  experiment,  of  the  fame 
nature,  we  have  from  Sir  Francis  Bacon , of  coagulating  the  whites  of  eggs 
with  fpirit  of  wine  ; and,  by  (baking  the  two  ingredients  well  together, 

I have  found  it  fucceed.  He  fuppofes,  indeed,  that  this  coagulation 
proceeds  from  the  heat  of  the  fpirit  of  wine  ; but  that  fpirit,  doubt- 
lefs,  abounds  with  a piercing  fait,  which  may  very  well  fuffice  for  this 

pur- 
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purpofe.  And  we  have  not  only  produced  the  like  effeift  with  acid  fpirlts,  Physics. 
but  even  by  a crude  fait ; for,  by  long  beating  the  white  of  an  egg,  with  v— --v— 
a lump  of  alum,  you  may  bring  the  greateft  part  of  it  to  a white  curd. 

So  that  if  we  will  allow  this  coagulation,  to  be  performed  by  the  heat  of 
fpirit  of  wine,  this  heat  muff  be  only  fuch,  as  may  be  afcribed  to  the  adtive 
particles  of  fdine  bodies,  which  yet  are  commonly  accounted  rather  cold 
than  hot.  But  becaufe  I doubt  how  juftly  they  are  reputed  fo,  I purpofely 
took  the  ferum  of  human  blood,  and  endeavour’d,  though  in  vain,  to 
coagulate  it  with  fuch  fpirit  of  wine,  as  would  coagulate  the  whites  of  .eggs.* 
yet  this  ferum  will  coagulate  by  a gentle  heat  of  embers,  as  foon  as  they: 
which  makes  it  fufpicious,  that  the  effe<ft  proceeded  from  the  greater  cor- 
refpendence  in  texture,  of  the  fpirit  of  wine,  with  one  of  the  liquors,  than 
with  the  other,  rather  than  from  the  heat  afcribed  to  it,  which  did  not  at 
all  coagulate  the  ferum. 

Thus  the  efiential  oil  of  anifeeds,  which,  in  the  heat  of  fummer,  remains 
as  perfect  a liquor  as  other  chymical  oils,  contrary  to  them,  during  the 
cold  of  winter,  coagulates  into  a body  like  camphire,  and  not  without  feme 
degree  of  brittlenefs.  We  may  add,  that  the  liquor  diftill’d  from  benjamin, 
is  fubjed:  to  much  more  frequent  vTciffitudes  of  fluidity  and  firmnefs ; for 
part  of  it,  all  the  year  long,  continues 'in  the  form  of  a bdackiih  oil,  and 
the  reft,  according  as  the  feafon  of  the  year,  or  -the  time  of  the  day,  makes 
the  weather  cold,  or  hot,  frequently  changes  its  texture  *,  fometimes  ap- 
pearing the  fame  with  the  oil  juft  mention’d  ; fometimes  fhooting  into  clear, 
and  varioufly-fhaped  cryftals  ; which  faften  themfelves  to  the  bottom  and 
fides  of  the  veflel,  till  a warmer  part  of  the  day,  or  of  the  feafon,  diffolves 
them  again  into  a liquor.  And  this  may  alfo  ferve  to  confirm,  that  the 
.fluidity  of  fome  bodies  depends,  almoft  wholly,  upon  the  various  agita- 
tion of  their  parts  ; for,  in  thefe  instances,  the  parts  of  the  anifeeds,  and 
thofe  of  the  benjamin,  upon  the  operation,  or  abfence  of  the  languid  heat 
of  the  air,  confiituted  a fluid,  or  a confiftent  body. 

And,  as  we  have  fhewn,  that  two  fluid  bodies  may  be  aflociated  into  a 
confiftent  one,  fo,  on  the  other  hand,  a fluid  body  may,  by  the  change  of 
"texture,  be  divided  into  two  confiftent  ones  •,  as  in  drawing  the  more  vo- 
latile parts  of  fallad-oil,  where  neither  the  liquor  that  comes  over,  nor  the 
iubftance  which  remains  behind  in  the  retort,  is  fluid,  tho’  the  oil  which 
yielded  them  were  fo.  But  before  diftillation,  putting  to  the  oil  a con- 
venient quantity  of  common  fait,  and  another  thing  or  two,  fit  to  change 
the  texture  of  the  branched  particles  whereof  it  conlifts,  I then  obtain’d  an 
oil,  that  dropt  into  the  receiver,  in  the  form  of  a liquor,  and  continued 
fluid.  I have,  likewife,  pradifed  a way  to  purify  the  dark,  muddy  oil  of 
amber,  drawn  per  fe , fo  that  a large  proportion  of  it  would  come  over  ve- 
ry tranfparent,  and  finely  colour’d  and  the  liquor  thus  prepar’d,  will 
fwim  even  upon  fpirit  of  wine.  My  method  is,  to  take  two  pounds  of 
good  brandy,  one  of  fea-falt,  half  a pound  of  the  oil,  and  mix  them,  and 
diftil  them  together. 
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Physics.  Salt-petre,  by-being  difTolved  in  a fufficient  quantity  of  common  water, 
-'V*— will  feem  to  be  loft  therein  *,  and  to  conftitute  with  it,  one  uniform  fluid 
fubftance  *,  but,  if  a competent  quantity  of  that  water  be  exhaled,  the  faline 
particles,  by  re-uniting  themfelves,  form  into  liable  cryftals  of  determinate 
figures.  Which  will  fuggeft  a way,  whereby  fome  bodies  may  be- 
come firm  and  iolid,  by  the  admixture  of  a due  proportion  of  water, 
or  fome  other  liquor.  For  though  the  fmall  parts  of  fuch  fluids,  being 
themfelves  in  motion,  are  apt  to  communicate  fuch  an  agitation  to  others  ; 
as  fluidity  principally  depends  on  *,  yet  an  equal,  or  a double  weight  of  oil 
of  vitriol,  diftill’d  from  running  mercury,  will,  when  far  the  greateft  part 
of  the  liquor  is  come  over,  leave  a very  white  powder,  confiderably  fix’d, 
behind  it.  And  in  preparing  the  bell  Mercurius  dulcis , the  quick-filver  is 
fo  intermix’d  with  the  falts  it  carries  up  in  fublimation,  that  the  dry  and 
brittle  body  they  compofe,  may  contain  much  more  mercury  than  fait. 
And  other  experiments  may  fhew,  that  the  mixture  of  a convenient 
liquor  may  cement  bodies  into  one  hard  concretion,  which  would  fcarce 
otherwife  happen : for,  different  qualifications  may  be  requir’d  in  a bo- 
dy, whilft  it  is  conftituting,  and  when  it  is  conftituted.  And  though  the 
motion  of  the  parts  that  make  it  up,  oppofe  the  firmnefs  of  a formed  body, 
yet  it  may  conduce  to  make  a firm  body : for,  when  a great  many  hard 
corpufcles  lie  together,  loofe  and  incoherent,  they  referable  a fluid  \ 
whereas,  by  the  mixture  of  a liquor,  thofe  loofe  corpufcles  being,  for  a- 
while,  diffociated,  and  put  into  motion,  they  may,  after  many  evolution?, 
apply  themfelves  to  one  another,  after  the  manner  moft  requifite  to  make 
them  touch  in  larger  furfaces.  Thus,  in  the  burning  of  alabafter,  if  the 
powder,  after  it  hath  done  boiling,  and  been  fufnciently  calcin’d,  be  well 
beaten  fome  hours  afterwards,  and  temper’d  up  with  fair  water,  almoft  to 
a thin  confidence,  that  fluid  fubftance  will,  in  a few  minutes,  begin  to  ex- 
change its  fluidity  for  firmnefs  ; fo  that  if  it  were  before  call  into  a mould, 
it  will  perfectly  retain  the  impreffion  thereof.  And  that  here  there  is,  for 
a while,  fuch  an  agitation  of  the  hard  parts,  produced  upon  the  affufion  of 
the  water,  and  afterwards  an  exclufion  of  the  fuperfluous  water,  appears 
from  hence  *,  that  when  any  confiderable  quantity  of  burnt  alabafter  is  tem- 
per’d with  water,  the  mixture  foon  grows  fenfibly  hot,  and  fometimes  con- 
tinues fo  for  a pretty  while : and  having  purpofely  fill’d  a new  half-pint 
vial  with  this  liquid  mixture,  and  flopp’d  it  up  clofe,  in  lcfs  than  half  an 
hour  it  crack’d  the  vial  in  feveral  places,  and  difqharg’d  itfelf,  at  the 
crevifes,  of  about  a fpoonful  of  clear  water  •,  the  remaining  mixture  re- 
taining perfectly,  the  figure  and  dimenfions  of  the  vial,  and  growing  harder 
than  chalk.  And,  let  me  add,  that  fome  other  fubftances  may  thus  afford 
much  more  folid  bodies,  than  burnt  alabafter:  whence  it  would  be  of  good 
ufe  to  enquire  what  others  are,  by  this  means,  reducible  to  a lading  folidi- 
ty.  Fournier , after  having  told  us  that  the  Romans  made  the  faireft  har- 
bours in  the  world,  by  the  help  of  a certain  find,  to  be  met  with  at-  Cuma , 
nnd  Puteoli , in  the  kingdom  of  Naples,  which,  mix’d  with,  a third 
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part  of  quick-lime,  acquires,  in  the  water,  the  hardnefs  of  flint,  fubjoins,  Ph  ysi  cs. 
that  in  Flanders , near  T ournay , he  faw  a certain  fort  of  alhes,  made  with  ' 

marble-lime,  that  was  excellent  for  any  work  in  the  water.  For,  having 
here  made  a bed  of  great  ttenes,  they  caft  upon  them  large  quantities  of 
thefe  allies,  inftcad  of  mortar  •,  and  the  water,  betwixt  the  ftones,  having 
temper’d  them  up,  fo  petrify’d  them,  that,  in  a fhort  time,  they  became  as 
hard  as  marble.  That  the  various  motions,  and  ju  filings  of  the  hard  par- 
ticles, conduces  to  their  uniting  into  one  Arable  concretion,  feems  confirm’d, 
by  what  we  have  obferv’d  in  fome  faline  liquors,  efpecially  certain  par- 
cels of  fpirit  of  hart’s-horn,  which,  whatever  were  the  conftitution  of  the 
ambient  air,  remain’d  fluid,  fome  of  them  lor  many  months;  after  which, 
the  faline  corpufcles  began  to  fhoot,  at  the  bottom  of  the  remaining  liquor, 
into  exquifltely  figur’d  cryttals.  For  this  fpontaneous  coagulation,  hap- 
pening fo  late,  feem’d  to  be  preceded  by  numerous  evolutions  ; whence,  at 
length,  the  little  bodies  came  to  turn  thole  parts  of  themfelves  to  each 
other,  by  which  they  might  be  belt  fatten’d  together,  and  conftitute  a 
firm  body.  For  this  coagulation  proceeded  not  from  the  evaporation  of 
the  fuperfluous  liquor,  becaufe  the  ghflfes  were  carefully  flopp’d  ; and  if 
any  thing  could  get  away,  it  mutt  have  been  a lubtile  fpirit,  which  would 
only  have  left  the  remaining  liquor  more  aqueous : and  it  is  well  known, 
to  thofe  who  deal  with  fuch  kinds  of  liquors,  that  the  more  aqueous  they 
are,  the  lefs  they  tend  to  cryftallize.  And,  having  in  a cryftal  vial,  carefully 
kept  a quantity  of  well-colour’d  tindture  of  amber,  made  wTith  pure  fpirit 
of  wine,  it  remain’d  fluid  for  a year  or  two  ; but,  after  two  or  three  years 
more,  I found  feveral  yellow  lumps  of  amber,  almoft  like  beads,  with  one 
fide  flat,  here  and  there  fatten’d,  partly  to  the  bottom,  and  partly  to  the 
fides  of  the  glafs. 

Another  caufe  of  liability  in  bodies,  is,  the  admiffion  of  adventitious  Adventitious 
corpufcles  into  their  pores  : ol  the  ways  wherein  this  may  happen,  thefe  particles  may 
appear  to  be  the  chief,  i.  By  expelling  thence  thofe  voluble  particles,  Crn^r i0 
which,  by  their  fhape,  or  motion,  oppos’d  the  coalition,  or  difturb’d  the7 
reft  of  the  other  particles,  whereof  the  body  confided.  2.  By  hindring 
the  motion  of  the  little  bodies  that  compofe  it.  And,  3.  By  conftituting 
with  the  particles  it  confifts  of,  corpufcles  more  unapt  for  motion,  and  fit 
for  mutual  cohefion.  To  thefe  - feems  reducible  the  way  of  coagulating 
milk  by  runner,  whole  faline  particles  pervading  the  body  of  that  fluid, 
not  only  make  a commotion  in  the  parts  of  it,  but  fatten  the  branched  par- 
ticles thereof  to  one  another,  and,  with  them,  conttitute  a body  of  another 
texture  : when  the  weight  of  thefe  curdled  bodies,  reducing  them,  by  de- 
grees, into  a clofer  order,  fqueezes  out  the  thinner  liquor,  which  the 
runnet  was  unable  to  coagulate ; and  which,  being  thus  fever’d  from  the 
groffer  parts  of  the  milk,  may  well  be  more  fluid  than  the  milk  itfelf. 

And  that  there  is  fome  coalition  of  the  particles  of  the  runnet,  with  the 
coagulated  ones  of  the  milk,  appears  by  the  complaints  made  of  cheefes 
tatting  too  ftrong  of  the  runnet.  And  tho’  we  here  aicribe  the  coagulation  of 
milk,  to  the  faline  particles  of  runnet,  yet  oil  of  vitriol,  the  juices  of  feve- 
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Physics,  ral  herbs,  and  other  things,  will  do  the  fame.  I have  prepared  a fait  of 

V. — r— the  fame  nature  with  the  Sal  mirabilis  of  Glauber , which  feem’d  to  have  a 

power  of  coagulating  common  water  ; for,  being  diffolv’d  in  a convenient 
quantity  of  it,  almoft  the  whole  mixture  will  fhoot  together  into  fine  cryf- 
tals,  apparently  of  an  uniform  fubftance,  and  fo  brittle  as  to  be  pulvera- 
ble  *,  thos  the  concretion  may  have  fuch  a proportion  of  water  in  it,  that 

when  the  experiment  has  fucceeded  well,  I have,  from  three  parts  of  wa- 

ter, and  but  one  of  fait,  had  about  four  parts  of  cryftals.  I have  alfo  pre- 
pared a whitifh  fubftance,  which  would  not  only  deftroy  the  fluidity  of 
lbme  other  liquors,  but  give  a confidence  to  a large  proportion  even  of  oil 
of  vitriol  •,  the  parts  whereof  are  luppofed  to  be  vehemently  agitated. 
And  at  the  bottom  of  a well-ftopp’d  vial,  I have  kept  a little  of  this  pow- 
der under  a confiderable  proportion  of  oil  of  vitriol,  which  appear’d  con- 
ftftent,  without  having  affebted  the  powder,  whereon  it  had  been  only 
poured,  and  fuffer’d  to  ftand  in  the  cold  for  a day  or  two.  And  if  upon 
whole  cryftals  of  nitre,  very  well  dried,  and  contain’d  in  a vial,  you  gently 
pour  good  oil  of  vitriol,  till  it  fwim  about  half  an  inch  above  the  fait., 
and  leave  the  vial  cover’d  with  paper,  at  reft,  in  a cool  place  i the  liquor 
will,  if  the  experiment  fucceed,  flowly  fettle  itfelf  about  the  nitre,  fo 
that  the  vial  being  inclined,  it  will  not  run  out.  And  that  in  coagulating 
quick-filver,  by  the  vapour  of  melted  lead,  fome  metalline  fumes  really 
enter  the  quick-filver,  feems  probable,  from  the  wafting  of  lead  by  fufion, 
and  the  effebts  afcribed  by  chymifts  to  the  fume  of  lead  upon  gold.  And 
a phyfician  of  my  acquaintance,  keeping  fome  lead  long  in  fufion,  to  re- 
duce it  'per  fe  into  a calx,  and  holding  his  he^id  often  over  the  melting- 
pot,  to  obferve  the  alterations  of  the  metal,  was  fuddenly  purged  feveral 
times  upwards  and  downwards  •,  which  both  he  and  I afcribed  to  the  me- 
talline exhalations.  And  tho’  I fufpedfed  the  congelation  might  proceed 
from  the  lofs  of  fome  fubtile  fubftance,  that  formerly  agitated,  but  af- 
ter deferted  the  mercurial  corpufcles  *,  .yet  that  the  concretion  of  the  quick- 
filver  might  be  effebted  by  fome  benumbing  vapour  of  the  lead,  feems 
confirm’d  by  an  obfervation  of  that  great  geometrician,  Dr.  TVallis^  and  others 
at  Oxford  •,  who  in  making  the  experiment  under  confideration,  found, 
that  upon  the  firft  fufion  of  the-lead,  the  quick-filver  being  tied  up  in  a 
rag,  and,,  before  it  grew  too  cool,  immers’d  therein,  was  very  well  coagu- 
lated by  it  •,  but  when  they  came  to  melt  it 'the  fecond  time,  and  put  other 
qutck-filver  into  it,  the  experiment  would  not  fucceed : which  feems  to 
prove,  that  there  is  in  lead  a coagulating  Hearn*  .or  fpirit ; but  in  fo  fmall  a 
proportion,  that  it  almoft  totally  diflodges,  or  fpends  itfelf,  upon  the  firft 
opportunity  it  meets  with,  of  palling  into  quick-filver.  Pouring  feme  com- 
mon fallad-oil  upon  Aquafortis , it  at  firft  floated  together  on  the  top  of  it, 
but  after  fome  hours,  had  its  texture  fo  chang’d,  by  the  afeending  fleams, 
that  it  was  turn’d  into  a white  confident  body*  refembl mg  butter.  The 
like  we  have  perform’d  with  exprefted  oil  of  fweefc  almonds.  And  fome 
tunes  pouring  off  the  fame  Aqua  forth , or  fpir.it  of  nitre,  wherewith  I had. 
coagulated  oil- olive,  from  -.die  butter-like  fubftance,  I have  caft  camphire 

into 
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intuit,  which,  without  heat,  was  thereby  reduc’d  to  an  oil,  retaining  a Physics. 
diflindl  furface  from  the  menftruum  whereon  it  floated  ; fo  that  the  fame 
menftruum,  unafllfted  by  fire,  turn’d  a brittle  body  into  a liquor,  and  vice 
verfd  ; for  common  oil  fuffer’d  to  float  long  enough  upon  it,  will  be  brittle. 

And  this  brittle  fubftance,  feem’d  to  receive  a more  durable  alteration  from 
the  menftruum,  than  we  expedted : for,  when  melted  with  heat,  it  would, 
upon  cooling,  become  again  confiftent  ; and  I could  not  reduce  it  to  a li- 
quor, by  mixing  it  with  oil  of  tartar  per  deliquium  ; which  has  a great 
power  to  mortify  acid  fpirits,  fuch  as  Aqua  fortis , and  fpirit  of  nitre.  The 
laft  way  whereby  external  corpufcles,  entring  into  a body,  may  give  it  a 
ftable  confidence,  is,  by  caufing  fuch  a commotion  in  the  parts  of  it,  as 
may  make  them  apply  themftlves  one  to  another,  in  a greater  furface,  or 
otherwife  complicate  and  dilpofe  them  after  the  manner  requifite  to  make 
them  ftick  together.  This  way  of  rendring  bodies  confiftent,  is  feldom  or 
never  employ’d  by  nature,  without  the  concurrence  of  fome  of  the  other 
means  already  mention’d  . but  we  have  diftinguifh’d  it  from  the  two  laft, 
becaufe,  in  them,  we  fuppofe  fome  of  the  adventitious  corpufcles  to  be 
flopp’d  in  the  body,  to  whofe  firmnefs  they  conduce  ; but  here  we  fup- 
pofe, that  without  materially  concurring  to  conftitute  the  body  they  work 
on,  they  only  agitate,  and  varioufly  move  the  particles  it  confifts  of ; fo  that 
the  parts,  which  formerly  either  mov’d  feparately,  or  adher’d  together  but 
loofely,  are  now  reduced  to  a clofer  order,  or  more  implicated  texture,  ^nd 
thereby  more  firmly  connected  to  one  another.  That  the  bare  difpofition 
of  the  parts  of  a body,  with  regard  to  each  other,  without  any  addition 
of  foreign  matter,  will  greatly  conduce  to  liability,  we  may  fee  both  ift 
fome  examples  formerly  mention’d,  and  in  ofier  wands,  which,  when  lying 
loofely  in  a heap  together,  may  each  of  them  very  eafily  be  diflociated 
from  the  reft  ; but,  when  they  are  breaded  into  a ba fleet,  they  cohere  fo 
ftrongly,  that  if  you  take  up  any  one  of  them,  ycu  raife  all  the  reft. 

We  might  add  thofe  many  obvious  mftances,  wherein,  by  the  bare  texture 
of  the  flender  hairs,  or  threads  whereof  wool  or  filk  confifts  ; cloth,  (lock- 
ings, and  many  other  durable  garments,  are  made.  We  may,  alfo,  ob- 
ferve  the  force  of  bare  motion,  in  altering  the  texture,  and,  thereby,  the  con- 
fluence of  bodies  in  the  common  way  of  churning  : for  there  the  external 
impulfe,  makes  a great  commotion  in  the  parts  o!  the  cream  ; whence  the 
more  branched  corpufcles,  meeting  with  one  another,  are  intangled,  and 
thereby  feparated  from  the  reft:  and,  after  many  occurflons,  all  thefe  parts 
are,  at  length,  faften’d  to  one  another  ; and  excluding  thofe  of  the  thinner 
fluid,  which  feem  not  fo  conveniently  lhaped  for  mutual  coheflon,  conftitute 
butter;  which  is  made  yet  more  confident,  or  compadt,  by  being  com- 
prefs’d,  as  the  parts  thereby  reduced  into  a clofer  order,  fqueeze  out  the 
liquor  which  was  intercepted  amongft  them.  It  will,  perhaps,  be  thought 
more  ftrange,  that  a fluid  body,  nay,  a diftill’d  liquor,  which  is  very  vola- 
tile, and  palfes  for  Ample,  and  homogeneous,  fliould,  by  motion,  without 
the  mixture  of  any  new  matter,  be  rpade  coherent ; yet,  even  the  chymical 
oil  of  turpentine,  may,  in  a great  meafure,  .if  not  wholly,  be  coagulated 
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without  addition.  A very  expert  chymift  Ihew’d  me,  in  a receiver,  fome 
oil  of  turpentine,  which  he  had  often  diftill’d  over  per  fe9  very  much  coa- 
gulated into  a whitifh  and  confident  body ; affirming,  that  he  had,  fome- 
times,  by  frequent  diftillations,  without  addition,  obtain’d  from  clear  oil  of 
turpentine,  a far  greater  proportion  of  fuch  a liable  fubflance  ; whofe 
confidence,  whether  it  thould  be  af 
pufcles  into  parts  more  fit  for  mi 
from  a new  texture  of  the  fame  corpufcles,  h 
Fpo 


Firmnefs  may 
be  the  refuit 
of  a particu- 
lar texture. 


evolutions,  to  be  difpofed  after  fuch  a manner 


bribed  to  the  fire’s  breaking  the  oily  cor- 
tual  cohefion  •,  or  whether  it  proceed 
opening  from  thole  various 
as  to  complicate,  or 


, or  a dry  body  ? An  inftance  of 
if  fome  ounces  of  that  fluid  mine- 


otherwife  conned!  them,  I need  not  now  enquire  : it  is  fufncient,  that 
we  hence  fee  how  much  even  motion,  without  the  addition  of  any  fenflble 
fubflance,  may,  in  fome  cafes,  conduce  to  firmnefs.  I have  obfeiVd, 
that  oil  of  wax,  diftili’d  in  a retort,  with  a proper  addition,  tho’  at  firft 
it  chiefly  came  over  in  the  form  of  a butter,  yet,  by  (landing  in  a cool 
place,  and  in  cool  weather,  it  would  gradually  refolve  into  a tranfpa- 
rent  oil. 

But  what  if  fluidity  and  (lability  depend  fo  much  upon  the  texture  of 
parts,  that  by  the  change  of  that  texture,  the  fame  parts  may  be  made 
permanently  to  conflitute  either  a fluid 
this  is  afforded  us  by  quick- fllver  j for, 
ral,  be  put  into  a -convenient  glafs-veflel,  and  that  veffel  be  firft  exactly 
flopp’d,  and  kept  for  fix,  eight,  or  ten  weeks,  in  a fand  furnace,  whofe 
heat  may  be  ftrong  and  conftant,  the  corpufcles  that  conflitute  it,  will, 
after  innumerable  revolutions,  be  fo  connected  to  one  another,  that  inftead 
of  a fluid  body,  they  will  appear  in  the  form  of  a red  powder,  which 
chymifts  call  precipitate  per  fe.  But  to  do  this  more  expeditioufly,  take  half 
a pound,  or  a pound  of  quick-fllver,  and,  with  a ftrong  fire,  diftil  it  out 
of  a glafs  retort ; and,  for  the  moft  part,  there  will  remain  in  the  bot- 
tom, and  about  the  fides  of  the  veflel,  a little  red  powder,  which  leans 
to  be  nothing  but  part  of  the  fluid  body  turn’d  into  a dry  one,  in  eight 
or  ten  hours  time.  After  what  manner  the  lire  produces  fo  odd  a change 
in  the  quick-filver,  I prefume  not  to  know.  It  is  true,  that  tho’  the  cor- 
pufcles of  liquors  touch  one  another  but  in  part  of  their  fuperficies,  yet 
they  all  of  them  l'eem  to  have  fome  degree  of  vifcofity,  flight  complication, 
or  adheflon  of  parts  ; as  appears  by  their  being  fo  eafily  reduced  into 
thofe  thin  membranes,  or  films,  which  we  call  bubbles : fo  that  not  only 
ipirit  of  wine  will  afford  them,  but  even  quick-filver,  notwithftanding  its 
ponderoflty,  being  fuffer’d  to  fall  in  a flender  ftream,  into  a veflel  almoft 
full  of  the  fame  mineral,  yields  numerous  and  large  bubbles,  though  they  are 
•not  lafting.  Hence  it  might  be  imagin’d,  that  in  this  operation,  fome  fuch 
change  is  made  in  the  quick-filver,  as  we  formerly  obferv’d  in  the  white 
of  an  egg  ; when,  a new  difpofltion  of  its  parts,  caufed  either  by  heat,  or 
concuflion,  makes  it  a kind  of  liable  body  : or  elfe  it  may  be  argued,  that 
there  is  a variety  of  parts,  in  quick-filver,  from  the  great  variety  of  its  ef- 
fects upon  other  bodies  ; and  that  by  the  frequent  evolutions,  which  the 
Are  makes  of  thofe  parts  among  themfelves,  they  come,  at  length,  to  be 
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fo  applied  to  one  another,  as  either  to  lock  into  each  other,  or  dip  upon  Physics. 
one  another’s  furfaces,  fo  that  as  much  of  their  furfaces  immediately  touch,  — J 

as  is  requifite  to  make  them  cohere.  Thefe  conjeblures,  and  many  others, 
may  be  propofed,  but,  I fear,  all  of  them  will  not  folve  the  phenomenon. 

Nor  were  we  much  inftrubfced,  from  viewing  our  mercurial  precipitate  in 
an  excellent  microfcope : we  hence  only  dilcover’d,  that  the  red  powder 
had  in  it  many  corpufcles  of  various  other  colours  •,  and  that  the  little 
grains  had  no  determinate  fhape,  but  appear’d  like  (lender  fragments  of 
red  coral.  And  having  put  fome  fmall  dull  of  a fhining  precipitate  of  gold 
and  mercury,  into  the  fame  glafs,  all  we  could  dilcern  was,  that  the 
little  grains  of  this,  diifer’d  from  thofe  of  the  other  being  fo  tranfparent 
throughout,  that  any  one  would  have  thought  he  beheld  the  bell  fort  of 
thofe  precious  (tones  call’d  granats.  But  tho’  we  pretend  not  to  fhew, 
how  the  new  texture  is  produced  in  the  quickfilver,  yet  to  make  it  (till 
more  evident,  that  its  change  of  confidence  proceeds  from  its  change  of 
texture,  we  will  add,  that  having  a defire  to  try  whether  our  powder  could 
not  be  made  fluid  again,  I procur’d  fome  precipitate  per  fe  which  being 
weigh’d,  and  put  into  a convenient  glafs,  was  carefully  urged  with  a naked 
fire;  and,  at  length,  it rofe,  by  degrees,  in  fumes,  which  fettled  in  the  neck 
of  the  glafs,  in  many  drops  of  running  mercury  •,  all  which,  being  collected 
into  one,  we  found  that  there  wanted  but  about  a fixth  or  feventh  part  of 
what  we  had  put  in  ; and,  perhaps,  we  had  not  wanted  that,  only  the  ve- 
hemence of  the  fire  melted  the  glafs,  which  took  up  fo  much  of  the 
powder,  as  made  a great  fhew  thro’  it,  after  we  had  remov’d  what  was 
fufed,  from  the  Are.  Having  half  an  ounce  of  a certain  mercury,  which 
I took  for  that  of  lead,  1 found  I could,  barely  by  flanking  it  long  together, 
reduce  it  to  a black  powder  •,  in  which  form  it  would  continue  as  long  as 
I pleas’d : and  barely  by  dextroufly  rubbing  it  in  a marble  mortar,  I could 
immediately  reduce  it  to  a running  mercury  again  ; which  quick  paifage 
from  one  to  another,  being  made  without  the  help  of  fire,  or  without 
adding,  or  taking  away  any  viftble  fubftance,  fhews  how  greatly  motion 
and  reft,  and  the  texture  of  the  component  parts  of  matter  thence  reful- 
ting,  may  contribute  to  fluidity  and  firmnefs.  Hence  we  learn  what  to 
think  of  the  doblrine  of  fome  modern  philofophers,  who  teach,  that  a fluid 
body  is  always  divifible  into  bodies  equally  fluid,  as  quantity  is  into  quan- 
tities-, as  if  the  particles  of  fluid  bodies  muft  alfo  be  fluid  themfelves : for, 
it  appears,  that  quick-filver,  and  fome  other  actually  fluid  bodies,  greatly 
confift  of  hard  corpufcles,  fince,  by  the  change  of  their  texture,,  they  may 
be  depriv’d  of  their  fluidity,  and  become  liable.  We  fee,  alfo,  that  the 
fc iff  and  folid  particles  offalts,  diflblved  in  common  water,  and  of  ftlver 
diffolv’d  in  Aqua  fortis , being,  by  thofe  liquors,  fufficiently  diflbeiated,  and 
feparately  agitated,  with  them  conllitute  fluid  bodies.  And,  by  putting  to- 
gether, in  a glafs  retort,  one  part  of  quick-filver,  and  four  of  common  oil 
of  vitriol,  and  diddling  them  in  a fand  furnace,  with  a ftrong  fire,  there 
remain’d  in  the  bottom  of  the  veflfel,  a ponderous  calx,  fo  far  from  fluid, 
that  it  was  but  in  part  diflbluble  in  water.  And  what  fecips  to  prove,  that. 


Fluidity  and  Firmnefs. 

in  the  very' liquid  oil  of  vitriol,  tho’  a diftill’d  liquor,  the  fafme  corpufcles 
which  chiefly  compote  it,  retain  their  ftifrnefs  •,  by  fteeping  our  calx  in  fair 
water,  wet  could  feparate  from  it  a confiderable  quantity  of  particles* 
which,  upon  the  evaporation  of  the  water,  coagulated  into  numerous  faline 
and  brittle  bodies : and  that  thefe  proceeded  rather  from  the  menftruum 
than  the  metal*  we  were  induced  to  think,  by  obferving,  that  the  dry  calx, 
before  any  water  was  poured  on  it,  weigh’d  a great  deal  more  than  the 
quick- filver*  when  it  was  put  in;  and  the  oil  of  vitriol  that  was  abftra&ed,  a 
great  deal  lefs  than  before  it  was  committed  to  diftillation.  Nay,  I ob- 
ferved  in  a glafs,  where  I kept  a quantity  of  oil  of  vitriol,  tha,t  there  fpon- 
taneoufly  faften’d  themfelves  to  the  fides,  little  faline  cryftals,  v/hich  I 
found  hard  ami  brittle  ; but  when  I had  expofed  them  to  the  air,  they  pa- 
tently refumed  a fluid  form,  and  appear’d  to  be  oil  of  vitriol.  In  the  6b- 
fervation  alfo,  lately  mention’d,  of  the  spontaneous  coagulation  of  fpirit  of 
hart’s -horn,  it  feems  evident,  that  bodies,  which  are  all,  or  moft  of  them, 
hard,  and  appear  fo  when  they  are  commodioufly  connected  to  each  other, 
may  yet  conftitute  a fluid  body,  when  reduced  to  a fuflicient  fmallnefs,  and 
put  into  a convenient  motion.  And,  indeed,  if  the  leaf!  particles  of  fluid 
bodies  were  not  endowed  with  their  determinate  bignefs  and  fhapes*  but  fueb. 
fluid  bodies  could  be  always  divided  into  particles  alfo  fluid  •,  how  comes  it 
to  pafs,  that  fome  liquors  cannot  pierce  into,  or  moiften  fome  bodies 
which  are  eafily  pervious  to  other  liquors  ? For  if  the  particles  of  the  exclud- 
ed liquor  were  of  neceftity  always  divifible  into  fluid  ones,  there  feems  no 
Teafon  why  they  fhould  not  be  fubdivided  into  fuch  very  fmall  ones,  that 
iio  pores  can  be  fuppofed  little,  or  oddly  enough  figured,  to  keep  them  out. 
It  is  true,  the  matter  whereof  fluid  bodies  confift,  is  capable  of  being  in- 
definitely divided  •,  and  it  may  be  granted  too,  that  the  fmaller  the  parts 
into  which  a body  is  divided,  the  more  eafily  they  may,  edeteris  faribus , 
be  put  in  motion : but  this  divifibility  of  a fluid  body  into  perpetually  lefs 
parts,  belongs  not  to  it  properly,  as  a fluid,  but  as  it  is  a body  ; fuch  divi- 
fibility, if  fuppofed  true,  being  a primary  property  of  matter  it-telf,  and 
-belonging  as  well  to  thofe  portions  of  it  which  are  hard,  as  to  thofe  which 
are  fluid.  And  tho’  it  were  admitted,  that  fuch  an  endlefs  divifion  might 
be  mentally  made  •,  yet  it  would  remain  a queftion,  whether  nature,  i el, 
divides  bodies  fo  far  : however,  it  is  not  only  requifite  to  the  conflitu 
of  a fluid  body,  that  the  parts  of  it  be  fmall  enough,  but  that  they  be  aiio 
actually  moved.  For  we  lately  obferved  that  the  duff  of  alabafter,  put  in- 
to motion,  refembled  a fluid  body  ; and  immediately  ceafed  to  be  fluid, 
When  it  ceafed  to  be  agitated  ; whereas  the  particles  of  water,  as  minute  and 
apt  as  they  are  to  conftitute  a fluid  fubffance,  do  yet  make  that  hard  and 
brittle  body  we  call  ice,  when  thofe  little  particles,  upon  what  account  fo- 
rever, are  reduced  to  a ftate  of  reft. 

Thechymteal  From  what  is  here  deliver’d,  we  may  alfo  be  aflifted  to  judge  of  the 
notion  of  Jlabi-  ftoeftrine  of  the  chymifts,  who  teach,  that  in  all  bodies,  coagulation,  {la- 
bility, hardnefs,  and  brittlenefs*  depend  upon  fait •,  for  tho*  what  has  been 
rai<r  of  the  curiling  of  milk  by  faline  liquors,  and  the  bardnefs  obvious  in 
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falts  themfelves,  may  keep  us  from  denying,  that  the  faline  principle  is  Phvsics 
very  powerful  in  the  coagulation  of  fome  bodies,  that  is,  produces  much  e— - 
firmnefs,  or  even  brittlencls,  in  many  of  the  concretes  wherein  it  is  pre- 
dominant *,  yet  this  hardeniug  power  feems  not  to  proceed  from  any  pe- 
culiar property  to  coagulate  other  bodies,  or  make  them  compadl ; but 
from  the  fhape  and  motion  of  its  corpufcles,  which,  it  feems,  are  more 
fitted  by  nature,  than  thofe  of  many  other  concretes,  to  infinuate  them- 
felves into  the  pores  of  bodies,  and  fallen  their  particles  to  themfelves,  and 
to  one  another  *,  as  when  many  pieces  of  paper  are  kept  from  fcattering, 
by  a wire  run  thro*  them.  But  whenever  there  is  in  the  conllituenr 
parts  of  a body,  a fufficient  fitnefs  and  difpofition  to  adhere  firmly  to  one 
another,  nature  may  of  thofe  parts  compofe  a liable  body,  whether  they 
abound  in  fait,  or  no  it  not  being  fo  much  upon  chymical  principes,  or 
even  upon  the  predominancy  of  any  one  ingredient,  as  upon  the  Ihape  and 
motion  of  the  component  parts  of  bodies,  that  their  fluidity  and  firmnefs 
depend.  I will  not  here  urge  that  falts  are  generally  reducible  by  an  ealy 
mixture  with  water  into  the  form  of  liquors  *,  nor  that  fea-falt,  fait  of 
tartar,  and  many  other  forts  of  falts,  will,  of  themfelves,  even  in  die  air, 
alfume  the  form  of  fluids  •,  nor  yet  will  I prefs  the  example  of  coral,  which 
is  confidently  affirmed  to  be  foft,  whilll  it  remains  in  the  fait  water,  and  to 
grow  hard  when  taken  out  of  it : but  I lhall  rather  demand,  what  fait  can 
be  made  appear  to  pafs  out  of  the  body  of  melted  lead  into  that  of  quick- 
filver,  to  perform  in  it  the  coagulation  above-mentioned  ? What  acceffion 
of  fait  is  to  be  obferved,  when  running  mercury  is  precipitated  per  fe  into 
a powder  ? And  how  will  it  be  proved,  that  when,  in  a well-flopped 
glafs,  the  whole  body  of  water  is,  in  frolly  nights,  turned  into  firm  ice  by 
the  cold  of  the  air  , that  coagulation  is  performed  by  fait : for  chymifls  have 
not  yet  made  it  appear,  that  either  falts,  or  even  the  diflilled  fpirits  of  them, 
can  penetrate,  without  a kind  of  prodigy,  the  narrow  pores  of  unheated 
glafs  ? It  is  ufually  obferved  in  eggs,  that  tho9  at  their  being  firfl  laid,  the 
ihells  are  foft,  yet  they  foon  after  grow  hard  and  brittle  ; yet  it  appears  not 
how  the  faline  ingredient  is  increafed,  to  eflfedt  this  fpeedy  induration : and 
tho’  the  coldnefs  of  the  outward  air,  and  its  imbibing  fome  of  the  moifl 
parts  of  the  foft  fliells,  may  concur  herein  * yet  there  are  many  obfervations 
of  egg-fhells,  found  hard  in  the  hen.  And  I myfelf  have  found  feveral 
eggs,  at  one  time,  in  the  body  of  the  fame  hen,  which  were  each  of  them 
furnifhed  with  a compleat  and  brittle  fhell.  I farther  demand,  what 
quantity  of  fait  can  pierce  the  hard  fhell,  and  clofe- wrought  membrane, 
that  both  lines  it,  and  involves  the  egg,  efpecially  fince  eggs  may  be  hatched 
by  a temperate  external  heat  without  the  hen  ? Yet  we  may  here  obferve, 
that  the  fame  internal  fubflance  of  the  egg,  which  at  firfl  was  fluid,  is, 
upon  the  exclufion  of  the  chick,  turned,  almoil  wholly,  into  confiflent  bodies, 
fome  of  them  tough,  as  the  membranes  and  griflles  of  the  bird  } fome 
of  them  harder,  and  almofl  brittle,  as  its  bones  and  beak  ; and  all  this  without 
the  acceffion  of  new  fait.  It  would  be  difficult  for  chymifls  to  prove,  that 
diamonds  and  rubies  contain  fait  : and  it  may  be  alfo  queftioned,  whether 
Vo:u  I.  Y y the 
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rthe  blood  of  animals,  when  it  is  freeft  from  ferUm,  does  not,  tho*  a liquor 
as  much  abound  with  fait,  as  their  fkins  or  flefh. 

And  fince  it  is  with  chymifts  that  I now  argue,  I farther  demand  of  them, 
whence  it  happens  that  one  grain  of  the  powder  of  projedtion  can  turn  a 
whole  pound  of  mercury  into  true  gold  or  filver  ; and,  confequently,  change 
a very  fluid  body  into  a very  firm  one  *,  tho’  the  proportion  of  fait  employ’d, 
would  not  amount  to  the  fix  or  feven  thoufandth  part  of  the  liquor.  To 
this  I fhall  add,  what  Helmont  relates  upon  his  own  experience,  and  that  of 
Raymond  Lully , concerning  his  alkaheft,  that,  being  abftradted  from  common 
quick-filver,  it,  in  a quarter  of  an  hour,  coagulates  it,  yet  leaves  nothing  of 
itfelf  with  the  mercury  on  which  it  works.  I remember  alfo,  that  a phyfi- 
cian  of  great  veracity  told  me,  that  at  the  Duke  of  Holftein* s he  took  notice  of 
a glafs  of  fpirit  of  urine,  which  in  warm  weather  remained  in  the  form  of  a 
liquor,  but  was  in  cold  weather  totally  coagulated  into  cryftalline  fait ; in 
the  preparation  of  which,  he  faid,  the  Duke  caufed  fpirit  of  urine,  ex- 
ceeding rich  in  volatile  fait,  to  be  very  often  diftill’d  •,  after  every  diftillation 
uniting  all  that  came  over  in  a liquid,  with  that  which  remain’d  in  a fa- 
line  form,  till  by  very  frequent  cohobations,  all  the  parts  of  the  urinous 
fubftance  were  brought  to  the  coalition  above-mentioned. 

And  on  this  occafion,  we  will  annex  a few  other  particulars,  tending  as 
well  to  render  the  chymical  hypothefis  doubtful,  as  to  confirm  our  own.  And 
firft,  in  the  art  of  making  fugar,  very  great  care  is  taken,  that  nothing  acid 
fall  into  the  caldrons,  (efpecially  the  juice  of  lemmons)  wherein  the  juice  of 
the  fugar-cane  is  to  coagulate : for  tho’  acidity  be  generally  by  the  chymifts 
afcribed  to  fait,  yet  thefe  faline  bodies  are  here  fo  far  from  promoting  the 
coagulation  of  the  faccharine  fyrup,  that  they  would  utterly  prevent  it. 
To  the  authorities  of  Pifo , and  others,  for  this,  I might  add  what  has  been 
confirmed  to  me  by  perfons  who  pretend  more  than  ordinary  knowledge  in 
the  art  *,  but  all  agree,  that  the  juice  fqueezed  out  of  the  fugar-canes  is  firft 
boiled,  and  purified  in  vaft  vefiels  of  copper  or  brafs,  whence  it  is  afterwards 
convey’d  to  be  farther  purified  and  coagulated  in  fmaller ; and  that  whilft  it 
is  in  the  former,  they  pour  upon  it  fome  very  ftrong  lixivium  to  facilitate 
the  feparation  of  its  feculencies  ; as  in  the  fmall  ones,  it  is  ufual  to  pour  a 
little  oil  or  butter,  upon  the  boiling  juice  to  keep  the  fyrup  from  boiling 
over.  They  farther  declare,  that  if  the  oil  were  added  to  the  liquor  in 
the  larger  vefiels  wherein  it  is  firft  clarified,  or  the  lixivium  put  to  it  in  the 
fmaller,  in  either  cafe,  it  is  abfolutely  impoffible  to  make  fugar.  So  greatly 
do  the  fluidity  and  firmnefs  of  bodies  depend  upon  their  texture,  how  much 
foever  the  chymifts  would  have  them  depend  upon  fait. 

To  this  borrowed  obfervation,  we  will  add  two  or  three  experiments  of 
our  own,  made  on  purpofe  to  give  light  into  this  matter.  Firft  then,  we  pre- 
pared a liquor  afc  faline  as  Jqua  fcrtis,  and  yet  when  we  laid  fragments  of 
folid  hart’s -horn  of  feveral  fizes  to  fteep  in  it,  the  menftruum  was  fo  far 
from  hardening,  that  it  would  pierce  into  and  foften  them  ; fo  that  in  about 
two  or  three  days,  it  reduced  them  to  a kind  of  white  mucilaginous  fub- 
ft-anee.  We  took,a!fo,  good  fait  of  tartar,  and  poured  on  it  fpirit  of  vi- 
negar. 
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negar,  as  long  as  the  affufion  would  produce  any  ebullition  *,  then  we  diftill'd  Physics. 
off  the  liquor,  which  came  over  almoft  infipid  * the  faline  parts  which  make 
the  fpirit  of  vinegar  fo  fharp,  being  retained  by  the  fait  of  tartar : upon  the 
remaining  dry  mixture,  we  poured  frefh  fpirit  of  vinegar,  as  long  as  any 
hilling  enfued,  and  afterwards  abdradfced  the  aqueous  parts  of  this  parcel  of 
liquor  alfo  *,  and  fo  we  proceeded,  till  having  fufficiently  impregnated  the 
fixed  fait  with  the  faline  parts  of  the  diddl’d  vinegar,  we  obtained  a mix- 
ture, which,  tho’  wholly  confiding  of  falts,  required  not  the  heat  of  the  fire 
to  turn  it  into  a liquor.  Laftly,  we  took  common  oil  of  vitriol,  and  caff  in> 
to  it  feveral  little  pieces  of  camphire,  which  floating  upon  it,  were  by  de- 
grees, in  fome  hours  time,  wholly  reduced  into  a reddifh  oil,  which  ap- 
peared together  upon  the  top  of  the  other  liquor  : then,  having  formerly 
found,  that  oil  of  vitriol  would  eafily  mix  with  common  oil,  we  tried  alfo, 
by  fhaking  the  faline  and  camphorate  liquors  together,  to  unite  them,  and 
eafily  confounded  them  into  one  high-coloured  liquor,  which  feemed  very 
uniform,  and  continued  fo  for  many  hours  ^ then  we  added  to  this  mixture 
three  or  four  times  as  much  fair  water,  and  the  camphire  immediately  be- 
came a white  confident  body  again,  and  by  degrees  fettled  at  the  top  of  the 
liquor : where  we  may  obferve,  that  the  camphire  is  not  made  hard,  bu-C 
fluid,  by  mixing  with  the  faline  corpufcles  of  oil  of  vitriol ; and  that  it  ex- 
changes its  fluidity  for  firmnefs  upon  theeffufion  of  infipid  water. 

And  thus  much  may  fuffice  to  have  faid  of  the  dability  of  bodies  from 
fait.  As  for  the  hardnefs  and  bittlenefs  which  the  chymids  alfo  afcribe  to 
the  fame  principle,  how  much  they  may  be  increafed  or  diminifhed,  without 
the  addition  or  decreafe  of  the  faline  ingredient,  appears  in  the  experiment 
of  tempering  a flender  piece  of  deel : for  when  this  hath  been  fufficiently 
heated,  you  may,  by  plunging  it  red-hot  into  fair  water,  which  is  more 
likely  to  diffolve  than  increafe  its  fait,  make  it  both  very  hard  and  very  brit- 
tle •,  but  by  too  leifurely  cooling  in  the  air,  it  will  become  much  lefs  hard, 
and  more  tough  : and  if,  after  having  quenched  it  in  cold  water,  you  again 
heat  it,  till  it  have  attained  a deep  blue,  it  will  become  foft,  and  very  flex- 
ible *,  and  that  not  from  any  wade  made  of  the  faline  ingredient  by  the  fire : 
for  if  this  foften’d  deel  be  again  heated  red-hot,  and  fuddenly  cooled,  whe- 
ther in  water,  or  otherwife,  it  will  regain  both  hardnefs  and  brittlenefs.  And 
that  by  procuring  a clofer  order,  and  more  immediate  contaCt  of  the  parts 
of  a body,  we  may,  without  increafing  the  fait,  increafe  the  hardnefs  of  it, 
is  alfo  obvious  from  compreffing  fnow,  as  was  formerly  obferved. 

I know  that  feveral  philofophers,  entirely  afcribe  the  induration,  and 
efpecially  the  petrifaction  of  bodies,  to  a fecret  internal  principle,  by  fome 
of  them  called  a form,  and  by  others  a petrifying  fpirit,  lurking  commonly 
in  fome  liquid  vehicle  and  from  confidering  feveral  crydalline  bodies,  and 
regularly- fhaped  dones  and  other  minerals,  which  I have  feen  and  khown  to 
be  dug  out  of  the  earth,  I am  forward  to  grant,  that  it  is  a pladic  principle 
implanted  by  the  wife  creator  in  certain  parcels  of  matter,  which  produces 
in  luch  concretions,  as  well  the  hard  confidence,  as  the  determinate  figure. 

But  the  difficulty  confids  in  conceiving  how  that  internal  principle  produces 

Y y 2 its 


to 


40  Fluidity  and  Firmnefs. 

Physics,  its  effects  ; which  thefe  writers  not  pretending  intelligibly  to  explain,  we- 
^**~y/*»**j  thought  proper  to  furvey  fome  of  the  principal  ways,  by  which  nature  feems^ 
to  make  bodies  firm  and  liable  •,  whence  we  may  be  aflifted  to  judge  whe- 
ther it  is  neceffary  to  have  recourfe  to  a plaflic  principle,  or  petrifying  fpi- 
rit,  in  the  hardening  of  fuch  bodies,  whofe  curious  and  determinate  textures 
argue  their  having  been  fafhioned  by  fome  one  formative  power,  or  by  fe~ 
veral  feminal  principles  convened  together.  And  becaufe  hardnefs  is  a 
high  degree  of  firmnefs,  we  fhall  fhew  by  fome  examples,  how  fmall  an  ex- 
ternal operation  may,  without  any  apparent  adventitious  fait,  render  a foft 
body  hard,  and  even  brittle,  when  there  appears  no  other  change  to  be  mader, 
than  in  the  texture  or  difpofition  of  its  component  particles. 

It  is  a tradition  that  coral  grows  foft  at  the  bottom  of  the  fea  ; but  when 
it  is  brought  up  into  the  open  air,  tho*  it  retains  its  bulk  and  figure,  yet  it 
then  hardens  into  a flony  concretion  y according  to  that  of  Ovid , 

Sic  & cor  allium  quo  primum  contigit  auras 
Temporey  durefcit  y mollis  fuit  herba  fub  undis. 

Now  as  to  the  truth  of  this  tradition,  Gajfendusy  in  the  life  of  Piereskius ,, 
has  this  pafiage  concerning  that  gentleman’s  fifhing  for  coral  near  Toulon , 
£t  The  plants  which  were  plucked  up,  appeared  neither  red  nor  beautiful, ... 

till  their  bark  was  taken  off;  in  fome  parts  they  were  foft,  and  would 
iC-  give  way  to  the  hand,  as  towards  the  tops,  which  being  broken  and 
fqueezed,  they  yielded  milk  like  that  of  figs/*'  Fournier  likewife,  after 
having  particularly  defcribed  the  way  of  fifhing  for  coral  near  T oulon , adds, .. 

thefe  plants  are  neither  red  nor  fmooth  when  drawn  out  of  the  water, 
1C  till  their  rind  has  been  taken  off ; nay,  they  are  foft,  and  being  fqueezed 
“ between  the  fingers,  throw  out  a kind  of  milk  refembling  that  of  figs  : 
and  when  the  preffure  ceafes,  the  fmall  holes  or  pores,  that  harboured 
the  milk,  are  viable*.”  The  credibility  of  thefe  accounts  has  been  con- 
firmed to  me  by^a  phyfician,  who,  in  his  return  from  the  Raft  Indies , having 
made  fome  flay  on  the  ifland  of  Mehila , near  that  of  Madagafcar , where 
white  coral  is  reported  to  grow  in  plenty,  affured  me,  he  had  often  gathered 
coral  upon  the  fand  of  that  ifland,  and  found  it,  when  firfl  taken  up,  ex- 
ceeding white,  and  (to  ufe  his  own  expreflion)  as  foft  as, an  onion  ; adding, 
that  tho’  it  would  loon  grow  hard  in  the  air,  yet  if  it  be  not  gathered  at  a . 
feafonable.  time  of  the  year,  it  will  not  keep  long,  but  either  crumble  away, 
or  otherwife  decay.  And  Pifo in  his  natural  hiflory  of  Brqfil , fpeaking  of . 


* M.  Geoffroy  tells  us,  that  Count  Marfigli 
fatished  himfelf,  coral  was  a plant,  by  placing 
it,  when  newly  ftfhed  up,  in  fea-water ; where, 
after  fome  time,  he  perceived  that  the  little  red 

tubercles  upon  the  fur  face  of  its  bark  gradually 
expanded,  and,  at  length,  appeared  in  the  form 
of  white,  flowers,  ltar-fafnioned,  with  eight 
points,  and  a fmall  cal ix  divided  into  eight 


parts  : but  taking  the  branches  out  of , the  water, 
thefe  flowers  prefently  clofed  up,  and  formed 
themfelves  into  red  tubercles  again,  which  be- 
ing fqueezed,  afforded  a milky  juice.  Putting 
the  branches  again  into  fea-water,  thefe  tuber- 
cles flowered  again,  and  continued  thus  for  eight;* 
or  ten  days.  Memoir,  de  l" Acad.  An  : 
p.  130. 

places- 
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places  upon  that  coaft,  where  many  (tony  plants,  fome  like  little  trees,  fome  Ph  ysics 
otherwile  figured,  may  be  feen  in  clear  weather  growing  at  the  bottom  oi 
the  fea,  tells  us,  that  if  they  are  plucked  up  from  the  bottom,  they  prefent- 
ly,  by  being  expofed  to  the  fun  upon  the  fhore,  become  exceeding  hard,  dry, 
and  white.  And  Scaliger  tells  us,  upon  his  own  knowledge,  of  a fhining 
matter  voided  by  urine,  which  in  the  air  coagulated  into  a firm  fubftance 
like  glafs.  It  is,  alfo,  affirmed  of  amber,  that  it  hardens  in  the  air  after  be- 
ing dragged  out  of  the  fea  ; which  feems  the  more  credible,  becaufe  I have 
feen  a whole  fpider  perfectly  inclofed  in  a piece  of  hard  and  tranfparent 
yellow  amber.  It  is  not  impoflible,  that  the  contact  of  the  external  air 
may  put  the  parts  of  fuch  fmall  bodies  into  a new  motion,  whereby  fome 
voluble  corpufcles,  which  hinder  their  reciprocal  adhefion,  may  be  exclud- 
ed, and  the  particles  themfelves  prefs’d,  or  otherwife  difpofed  into  a cloler 
order:  and  we  find,  that  fome  oil-colours,  after  they  are  brought  to  their 
due  temper,  may  be  preferved  very  long  in  the  fame  degree  of  foftnefs,  if 
they,  and  the  fhells  that  contain  them,  be  kept  all  the  while  underwater  ; 
tho*  in  the  air,  they  would  quickly  change  their  texture,  and  become  dry 
and  hard.  But  tho5  in  the  laft  example,  the  removal  of  a body  out  of  the 
water  into  the  air,  feems  manifeftly  to  contribute  towards  its  growing  hard  ; 
yet  it  is  not  fo  eafy  to  determine,  whatihare  the  air  hath  in  effecting  fuch 
indurations:  for  Gajfendus  relates  of  Piereskius , that  it  being  his  cuftom 
in  the  fummer  time  to  wafh  himfelf  in  one  of  the  leffer  dreams  of  the 
Rhofne , he  there  once  felt  the  ground,  which  he  ufed  to  find  even  and  foft, 
grown  hard  with  little  round  balls,  like  hard  boiled  eggs  without  their 
fhells  ; fome  of  which  he  took  up,  carried  home,  and  in  a few  days  after, 
returning  to  the  river,  lie  found  thofe  little  balls  or  lumps  turned  into 
perfect  pebble-ftones  ; which  he  obferved  likewife  befel  thofe  which  he  had 
carried  away,  and  laid  up.  I have  known  two  or  three  fpoonfuls  of  burnt 
alabafter,  mix’d  up  thin  with  water,  in  a fhort  time  coagulate  at  the  bot- 
tom of  a veffel  full  of  water,  into  a hard  lump,  notwithftanding  the  water 
that  furrounded  it ; which,  it  feems,  by  the  texture  of  the  mafs,  was  kept 
out  of  its  pores,  as  it  is  out  of  thofe  of  the  oils  of  cinnamon  and  cloves, 
which,  tho5  fluid  bodies,  that  will  fink  in  water,  differ  not  its  particles  to 
infinuate  themfelves  between  theirs:  and  artificers  obferve,  that  the  coagu- 
lating property  of  burnt  alabafter  will  be  very  much  impaired  or  loft,  if 
the  powder  be  kept  too  long,  efpecially  if  in  the  open  air,  before  it  is  made 
ufe  of ; and  when  it  hath  been  once  temper’d  with  water,  and  differ’d  to 
grow  hard,  they  tell  me,  they  cannot,  by- any  burning  or  powdering  of  it 
again,  make  it  ferviceable  for  their  purpofe  as  before : fo  much  doth  the 
coagulation  of  thefe  powders,  mixed  with  water,  leem  to  depend  upon 
their  texture,  and.  other  mechanical  qualities.  I remember  alfo,  that  thos 
the  bones  found  in  the  hearts  of  deer,  fo  extoll’d  by  phyficians,  do,  in  the 
air,  acquire  a hard  confidence  •,  yet  having  confider’d  one  of  them  in  the  heart 
of  a deer  newly  kill’d,  I found  it  there  of  a cartilaginous  loftnefs  and  flexibi- 
lity. And  I have  often  doubted,  whether  not  only  confident  bodies,  but 
ibme  of  the  moft  l'olid,  may  not  have  been  fluid  in  the  form  either  of  fteanas 

or 
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ysics.  or  liquors,  before  their  coalition  into  ftones  or  other  mineral  bodies.  There 

-v— are  many  who  think,  that  ftones*  marcafites,  and  fuch  other  durable  bodies, 
were  made  together  at  the  creation  •,  and  will  not  admit,  that  fuch  concre- 
tions can  now  be  generated : tho’  it  would  not  be  difficult  to  fhew,  that  fuch 
parcels  of  matter  are  now  to  be  met  with  in  the  form  of  ftones,  as  did  not 
before  appear  under  that  form  > but  whilft  it  was  divided  into  minute  parts, 
either  was  itfelf  fome  fluid  body,  or  at  leaft  did,  as  a material  part,  con- 
cur to  conftitute  one  that  was  fo.  I have  feen  a flat  ftone,  in  which  was 
moft  lively  ingraven  the  figure  of  a fmall  fifh,  with  all  the  fins,  fcales,  &c. 
which  was  affirmed  to  have  been  inclofed  in  the  body  of  that  ftone,  and  to 
have  been  accidentally  difcovered,  when  the  ftone,  chancing  to  receive  a 
blow  upon  its  edge,  fplit  afunder.  A fervant  of  mine,  in  the  country,  in- 
form’d me,  that  whilft  he  caufed  one  of  my  walls  to  be  repaired,  the  ma- 
fon  breaking  a ftone  to  ufe  about  the  building,  found  in  it  a piece  of  wood, 
which  feem’d  part  of  the  branch  of  fome  tree.  And  this  appears  to  me  a 
more  cogent  proof  of  the  increafe  of  ftones,  than  feveral  others,  on  which 
eminent  naturalifts  rely. 

And  uniefs  we  will  fuppofe,  there  were,  from  the  beginning,  made  toge- 
ther with,  or  in  the  midft  of  great  maflfes  of  one  kind  of  mineral,  little  par- 
cels of  another,  of  a quite  different  fort,  either  whole  quarries  of  ftone,  or 
heavy  and  fhining  minerals,  or  both,  may  have  been  fluid  bodies.  The 
obfervation  whereon  I ground  this  conjecture,  is,  not  only  that  we  have  met 
with  in  lead-ore,  and  alfo  in  miner  a antimonii , parcels,  of  a white  ftone,  or 
fpar,  furrounded  with  a metalline  body  •,  but  chiefly,  that  I have,  with  my 
own  hands,  taken  a hard,  ponderous,  fhining  mineral,  like  a marcafite,  of 
the  ftiape  of  a pear,  and  of  about  the  bignefs  of  a walnut,  out  of  the  very 
body  of  a ftone  which  environ’d  it  on  all  fides ; and  this  I took,  not  out 
of  a fmall  and  loofe  ftone,  but  a large  one,  dug  for  ilatues.  And  one  of 
thofe  who  wrought  upon  it,  told  me,  that  in  fafhioning  it  into  ftatues,  they 
found  it  contain  more  minerals.  And  a ftatuary,  having  taken  much 
pains  to  faw  afunder  a very  large  ftone,  when  he  came  to  the  middle  of  it, 
found  he  could  go  no  farther-,  the  ftone  being  broken,  he  perceived,  that 
what  fo  obftinately  refilled  his  faws,  was  a round  marcafite,  which  he  brought 
me  •,  but  I caufed  him,  for  my  fatisfadlion,  to  bring  alfo  that  part  of  the 
ftone,  wherein  the  marcafite  lay,  and  by  comparing  them  together,  I dif- 
cern’d,  that  as  much  of  the  ftone,  as  was  contiguous  to  the  marcafite,  had  a 
kind  of  ruft  about  it,  and  fitted  the  marcafite  fo  clofe,  as  if  either  that  had 
been  formerly  liquid,  and  afterwards,  as  it  were,  moulded  in  its  receptacle, 
or  the  ftone  had  been  originally  of  fomefoftor  fluid  matter,  which  exaClly 
accommodated  itfelf  to  the  fhape  of  the  other  body  or,  laftly,  as  if  both 
the  matter  of  the  ftone,  and  that  of  the  marcafite,  had  been  at  once  fluids 
each  preferving  its  own  furface  diftinCl,  till  one  of  them  firft  growing  hard, 
the  other,  as  being  yet  of  a more  yielding  confiftence,  accommodated  itfelf 
to  the  figure  of  the  former. 

But  the  moft  cmment  inftances,  to  manifeft  how  much  the  fluidity  and 
firmnefs  of  bodies  depend  upon  the  texture  of  their  parts,  are  afforded  by 

thofe 
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thofe  waters,  which,  being  permitted  to  reft  a-while,  ceafe  to  be  fluid,  and  Physics* 
coagulate  into  (tone.  An  ingenious  man,  lately  going  to  vifit  fome  lead-  v-— 
mines,  wherein  he  had  a ftiare,  found  in  the  mountain,  where  they  were 
hid,  a cave,  from  whofe  arched  roof,  there  dropp’d  down  a petrefcent  li- 
quor, which  often  congeal’d,  before  it  could  fall  to  the  ground,  and  by  the 
appofition  of  like  matter,  increafed  fo  much,  as  to  hang  from  the  roof,  like 
ificles,  from  the  fides  of  a houfe  ; and  of  thefe  he  gathered,  and  brought 
me  feveral,  which  are  perfect  (tones,  hard  and  brittle,  eight  or  ten  inches 
long,  and  proportionably  thick.  Another  friend  of  mine,  being  lately  in 
the  cave,  fo  famous  for  its  petrifying  liquor,  in  France , and  obferving  fome 
drops  of  water  to  congeal  into  (tone,  whilft  he  flood  by,  took  them  away 
with  him,  and  fent  them  to  me.  And  we  fhall  fcarce  deny,  that  an  exter- 
nal agent,  of  an  almoft  infenfible  bulk,  may  turn  animal  bodies  into  (tones, 
by  introducing  a new  texture  into  their  parts,  if,  with  fome  modern  wri- 
ters, we  credit  Aventinus , who,  in  his  Bavarian  hiftory,  records,  that  at  a 
certain  time  and  place,  above  forty  men  and  women,  with  their  cattle,  kil- 
led by  an  earthquake,  had  their  bodies,  by  a terrene  fpirit,  turned  into  fta- 
tues  i which,  he  faith,  were  feen  by  the  chancellor  of  Auftria  and  himfelf. 

And  we  meet  with  fome  relations  of  this  nature  in  other  authors,  which,  if 
allow’d,  will  much  confirm  our  dodlrine  •,  for  in  thefe  ftrange  petrifieations, 
the  hardening  of  the  bodies  feems  to  be  e(fe£led  principally,  as  in  the  indu- 
ration of  the  fluid  fubftances  of  an  egg  into  a chick,  by  altering  the  difpo.fi- 
tion  of  their  parts  •,  fince  the  petrifying  (learn  cannot  be  fuppofed  to  have 
any  fuch  confiderable  proportion  in  bulk,  to  the  body  changed  by  it,  as  to 
effect  this  change  chiefly  as  an  ingredient.  We  may  add,  that  Pafnphilio 
Piacentino  is,  by  another  author,  quoted  for  an  unparallel’d  account  of  a 
woman  in  Venice , who,  after  having  eaten  an  apple,  fuppofed  to  have  been 
poifon’d,  was  feized  with  hideous  tortures,  and  dying  in  the  fpace  of  twenty- 
four  hours  after,  was  turned  into  exceeding  hard  (lone.  But  left  we  ftiould 
feem  to  build  upon  the  obfervations  of  others,  which  cannot  be  now  brought 
to  flridl  examination,  we  will  produce  a pradticable  experiment  of  our 
own. 

Take  then  two  ounces  of  quick-filver,  two  ounces  and  a half  of  the  bed 
verdigreafe,  about  half  an  ounce,  or  an  ounce,  of  common  fait,  a pint,  Or 
pound,  of  white-wine  vinegar,  and  as  much  fair  water  * incorporate  the  ver- 
digreafe,  quick-filver,  and  the  fait,  very  well,  and  put  the  mixture,  With  a 
little  of  the  vinegar  and  water,  into  a new  pan,  and  fry  it  over  the  fire  for 
feveral  hours,  keeping  it  continually  ftirred,  and  putting  in  more  Vinegar 
and  water  from  time  to  time,  as  that  alteady  put  in  conlumes  : then  take 
out  the  mixture,  and,  in  feveral  clean  waters,  wa(h  it  carefully  from  the 
adhering  falts,  and  dry  up  the  aqueous  moifture  writh  a clean  linen-cloth  ; 
whereby  you  will  have  a bright  amalgam,  almoft  like  quick-TilVef.  Now, 
tho’  this  dried  mixture  be,  long  after  it  is  perfectly  cold,  not  only  foft, 
but  fo  near  to  fluid,  that  I have  caft  it  into  moulds,  and  made  imbofs’d  images 
of  it  yet  by  laying  it  a few  hours  in  the  air,  which  feemed  lefs  cold  than 
itfelf,  it  has  acquired  fuch  a hardnefs,  that  being  thrown  againft  the  floor. 
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it  would  rebound  *,  and  proved  brittle,  like  over-harden’d  fteel : but  in  this 
example,  the  induration  of  the  amalgam  appears  not  to  proceed  from  an  in- 
nate and  inward  principle,  but  from  the  new  texture,  refulting  from  the 
coalition  of  the  mixed  ingredients,  which  make  up  the  amalgam  j whofe 
parts,  being  varioufly  moved  by  means  of  the  fire,  and  native  propenfity  of 
the  mercurial  corpufcles  to  motion,  were  by  degrees  fc  difpofed,  that  as  be- 
fore, touching  one  another  but  loofely,  it  was  eafy  to  thruft  fome  of  them 
towards  the  middle  of  the  body,  without  {timing  much  -of  the  mafs  * by  this 
change  of  texture,  the  particles  are  brought  to  touch  one  another  more 
clofely,  and  in  greater  portions  of  their  furface,  and  to  be  fo  complicated 
among  themfelves,  that  you  cannot  endeavour  to  thruft  one  of  them  out  of 
its  place,  but  its  motion  (hall  be  refitted  by  many  others,  whereto  it  is  fo 
faften’d,  that  part  of  the  mafs  cannot  be  moved,  without  either  moving  the 
whole,  or  manifeftly  breaking  it  off  from  thence,  and  thereby  deftroying  the 
continuity  and  union  of  the  body.  And  that  feveral  of  the  ingredients  did 
concur  to  conftitute  the  foft  mafs,  which  afterwards  grew  fo  hard,  appears 
from  hence,  that  the  quick-filver  was  not  fo  barely  changed  in  texture,  as 
that  formerly  faid  to  have  been  coagulated  by  the  mere  fume  of  lead,  but 
concealed  in  itfelf  a great  number  of  metalline  corpufcles,  befides  others  ; 
for  we  feparated  from  the  amalgam,  merely  by  the  force  of  fire,  a large 
quantity  of  true  and  perfect  copper.  That  the  falts  alfo  were  both  ingre- 
dients of  the  mafs,  and  might  have  fome  operation  upon  the  other  particles, 
feems  probable  : for  having  purpofely  expofed  fome  of  this  mafs  for  a while 
to  a moift  air,  we  found,  that  the  formerly  invifible  particles  of  fait, 
which  had  fo  infinuated  themfelves  into  the  amalgam,  that  all  the  water, 
wherein  it  was  wafhed,  did  not  feparate  them  from  it,  had  fo  wrought  upon 
the  external  metalline  particles,  that  they  had,  in  many  parts  of  the  furface 
of  the  mafs,  turned  themfelves  with  it  into  a kind  of  verdigreafe,  which 
feemed  almoft  to  hide  the  furface  of  the  concretion.  And  that  in  the  more 
inward  parts  of  a much  harder  body  than  our  yielding  amalgam,  where 
cupreous  particles  abound,  faline  corpufcles  may  have  a great  effect,  appears 
from  certain  forts  of  minerals  to  be  found  in  fome  parts  of  England , and  elfe- 
where,  under  the  form  of  ftones,  of  which  they  make  vitriol  *,  for  thefe  a- 
bounding  with  vitriolate,  that  is,  both  faline  and  metalline  particles,  will, 
after  they  are  taken  out  of  the  ground,  and  laid  in  the  open  air,  by  the 
working  of  the  inward  fait,  fome  fooner,  and  fome  later,  fwell  and  burft 
afunder  : which  could  hardly  happen,  without  a great  change  made  in  the 
internal  difpofition  of  the  parts  of  fuch  ftony  concretions.  And  having 
laid  a mineral,  of  kin  to  thefe  ftones,  for  fome  time  in  the  air,  tho*  but  in 
a chamber,  I found  its  furface  powdered  with  little  grains  of  vitriol,  as  both 
their  colour  and  their  tafte  informed  me.  Now  whether  we  fuppofe  or  no, 
that  the  fire  put  the  parts  of  the  amalgam  into  a lafting  agitation  *,  yet  the 
mafs  being  almoft  fluid,  after  it  was  taken  from  the  fire,  its  parts  may,  ac- 
cording to  our  notion  of  fluidity,  be  well  fuppofed  to  have  K) m#  kind  of 
motion  among  themfelves  , and  it  will  not  be~4enied,  that  the  fire  might 
concur,  with  other  things^  to  make  that  motion  convenient  to  caufe  the 

parts 
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p$rr$  to  fallen  themfelves  to  one  another*,  for  that  die  morion,  wherein P« vs ics. 
a foft,  and  almoft  fluid  body,  is  once  put,  may  poilibly  tend  to  harden  it,  ' 

long  after  that  motion  feems  to  be  extindf,  appears  probable,  from  what 
has  been  affirm’d  to  me  by  eminent  and  experienced  mafons,  that  the  beft 
fort  of  lime,  made  into  mortar,  will  not  have  attain’d  its  utmolt  compa6t 
nefs,  till  within  twenty-five,  or  thirty  years,  after  it  has  been  employed  in 
building:  and  this  is  given  me  as  one  of  the  reafons,  why,  in  thedemolifh 
ing  of  antient  fabrics,  it  is  fometimes  more  eafy  to  break  the  ftone,  than 
the  mortar.  And,  laftly,  as  to  the  texture  refulting  from  the  blended  in- 
gredients of  our  amalgam*,  having  changed  the  proportion  of  the  quick- 
filver  to  the  verdigreafe,  we  found  that  it  coagulated  much  more  flowly, 
and  when  coagulated,  was  much  fofter,  than  when  we  ufed  the  quantities 
above  fet  down. 

I fhall  add  an  inftance  of  a natural  induration,  which,  compared  with  our 
artificial  one,  may  fhew  how  nature  and  art  have  fometimes  refembling  ope- 
rations in  rendring  bodies  folid. 

F.  Pierre  Pellepmt , who  was  lately  fent,  with  fome  other  Jefuits,  to 
South- America,  has  this  paffage,  in  the  fhort  relation  he  makes  of  the 
American  continent.  “ It  is,”  faith  he,  “ worthy  of  obfervation,  that  near 
<c  the  mouth  of  the  great  river  of  the  Amazons , there  is  found  a kind  of 
green  clay,  which  is  fo  foft,  as  long  as  it  remains  in  the  water,  that  one 
“ may  print  on  it  all  kinds  of  figures,  and  give  it  what  fhape  one  pleafes; 

“ but  when  it  is  expofed  to  the  air,  it  hardens  to  fuch  a degree,  that  dia- 
€C  monds  are  not  much  harder  than  the  ftones  it  affords.”  “ I have,”  adds  he* 

“ feen  hatchets  made  of  this  clay,  which  the  favages  employ’d  to  cut  wood 
with,  when  they  had  not  the  ufe  of  ours.”  In  the  laft  place,  I fhall 
give  a remarkable  experiment,  to  fhew  how  much  fluidity  and  firmnefs 
may  depend  upon  the  texture,  motion,  or  reft  of  the  infenfible  parts  of 
bodies.  Make  a fblution  of  coral,  with  good  fpirit  of  vinegar,  fo  ftrong* 
that  when  filtred  and  cooled,  it  will,  after  fome  time,  begin  to  have  a 
fediment;  gently  pour  off  the  clear,  when  the  experiment  is  to  be  made, 
and  add  thereto  a convenient  proportion  of  highly  rectified  fpirit  of  wine; 
which  if  flowly  and  warily  poured  on,  may  be  made  to  fwim  upon  it 
as  a diftindl  liquor;  but  if  by  a few  fhakes  you  mix  them  together, 
they  will  prefently  concrete  into  a fubftance,  of  which,  when  the  expe- 
riment is  well  made,  not  one  drop  will  fall  to  the  ground,  upon  turn- 
ing the  containing  wide-mouth’d  glafs,  and  holding  it  upfidedown.  But 
if  you  add  a convenient  quantity  of  fpirit  of  nitre  to  the  mixture,  and  ftir 
it  brifkly  therewith,  the  whole  will  in  a few  minutes  be  reduced  to  a tranf- 
parent  liquor*. 

But 

* Nothing  can  more  conduce  to  explain  the ; I lowing  paflage  of  Sir  Ifaac  Newton.  “ The 
nature  of  fluidity  and  firmnefs,  than  the  fol-  'I  “ parts  of  all  homogeneal  bodies,  fays  he/’ 

“ which 
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Physics.  But  I muft  not  conclude  this  difcourfe  without  obferving,  that  when 
Mr.  Hobbs  difputes  againfb  my  opinion  of  fluidity,  he  very  much  miftakes 
diftriwofflui-  ^ ’ as  may  appear  by  this  part  of  his  phyfical  dialogue.  “ They  gene- 
dity  and  firm - “ tally  diflinguijfh  the  nature  of  a fluid,  from  that  which  is  not  fluid, 
nefi  examin'd.  “ by  the  greatnefs  of  the  parts  of  which  any  body  confifts : wherefore 
“ they  do  not  only  look  upon  air,  water,  and  liquors,  but  upon  allies  allbr 
“ and  duft,  as  fluid  bodies  ; and  deny  not  that  fluids  may  be  made 
“ of  folids  ^ for  they  digefl:  not  the  notion  of  infinite  divifibility  : infinite 
“ divifion  cannot  be  conceived,  fay  they,  but  infinite  divifibility  eafily 

“ may. 


44  which  fully  touch  one  another,  flick  to- 
44  gether  very  ftrongly.  And  for  explain- 
44  ing  how  this  may  be,  fome  have  in- 
“ vented  hooked  atoms,  which  is  begging 
“ the  queftion ; and  others  tell  us,  that 
“ bodies  are  glew’d  together  by  reft,  that 
“ is,  by  an  occult  quality,  or  rather  by  no- 
“ thing  : and  others,  that  they  flick  toge- 
44  ther  by  confpiring  motions,  that  is,  by 
44  relative  reft  among  themfelves.  I had  ra- 
“ ther  infer  from  their  cohefion,  that  their 
44  particles  attraCt  one  another  by  fome  force, 
44  which,  in  immediate  contaCt,  is  exceed- 
44  ing  ftrong,  at  fmall  diftances  performs  ma- 
44  ny  chymical  operations,  and  reaches  not 
44  far  from  the  particles  with  any  fenfible 

“ effect. All  bodies  feem  to  be  com- 

44  poled  of  hard  particles  even  the 

44  rays  of  light  feemed  to  be  hard  bo- 

44  dies  and  therefore  hardnefs  may 

44  be  reckon’d  the  property  of  all  uncom- 

“ pounded  matter for  all  bodies,  fo 

far  as  experience  reaches,  are  either  hard, 

*4  or  may  be  harden’d Now  if  com- 

44  pound  bodies  are  fovery  hard,  as  we  find 
“ fome  of  them  to  be,  and  yet  are  very  po- 
“ rous,  and  confift  of  parts  which  are  only 
laid  together,  the  fimple  particles,  which 
“ are  void  of  pores,  and  were  never  yet  di- 
44  vided,  muft  be  much  harder.  For  fuch 
“ hard  particles  being  heaped  up  together, 
44  can  fcarce  touch  one  another  in  more  than 
44  a few  points,  and  therefore  muft  be  fepara- 
44  ble  by  much  lefs  force  than  is  requifite  to 
44  break  a folid  particle,  where  parts  touch  in 
4 4 all  the  fpace  between  them,  without  any 
44  pores  or  interfaces  to  weaken  their  cohe- 
**  fion.  And  how  fuch  very  hard  particles, 
44  which  are  only  laid  together,  and  touch  on- 
44  ly  in  a few  points,  can  flick  together,  and 
44  that  fo  firmly  as  they  do,  without  the  af- 
44  fiftance  of  fomething  which  caufes  them  to 
44  be  ,attratted  or  prefled  towards  one  ang- 


“ ther,  is  very  difficult  to  conceive. 

44  Now  the  fmalleft  particles  of  matter  may 
44  cohere  by  the  ftrongeft  attractions,  and 
44  compofe  bigger  particles  of  weaker  virtue ; 
44  and  many  of  thefe  may  cohere,  and  com- 
44  pofe  bigger  particles,  whofe  virtue  is  ftill 
44  weaker,  and  fo  on  for  divers  fuccelfions, 
44  till  the  progreflion  end  in  the  biggeil  parti- 
44  cles,  on  which  the  operations  in  chy- 
44  miftry,  and  the  colours  of  natural  bodies, 
44  depend  j and  which,  by  cohering,  com- 
44  pofe  bodies  of  a fenfible  magnitude.”  New- 
ton. Optic,  p.  364. 370.  From 

hence  Dr.  Clarke , treading  in  the  fteps  of 
Sir  Ifaacy  thus  argues.  44  The  primitive  and 
44  molt  minute  particles  of  matter  cohere 
44  among  one  another,  not  by  reft,  but  by 
44  mutual  attraction ; and  of  thefe  folid  and 
44  perfectly  hard  particles,  ’tis  plain,  that  all 
44  bodies,  both  fluid  and  folid,  are  equally 
44  compofed.  We  are  then  to  enquire  what 
44  muft  be  the  figure  and  compofition  of  the 
44  larger  particles,  in  order  to  compofe  both 
44  fluids  and  folids.  Now,  1.  when  the  par- 
44  tides  of  a body  are  fo  put  together,  that 
44  they  touch  one  another  in  large  furfaces, 
44  that  body,  the  mutual  attraClon  of  its  parts 
44  being  very  ftrong,  will  be  exceeding  hard. 
44  And,  2.  as  thofe  parts  afterwards  only 
44  touch,  or  are  alfo  interwoven  among  them- 
44  felves,  fo  the  body  will  be  more  or  lefs 
44  brittle,  and  melt  with  a greater  or  lefs 
44  heat ; whence  proceeds  ice,  wax,  glafs, 
44  metals,  bones,  wood,  CsV.  3.  The  bodies* 
44  whofe  particles  touch  in  fmaller  furfaces, 
44  and  confequently  are  lefs  hard,  may  ftill 
44  be  fufficiently  folid  ; whence  gold  is  fpeci- 
44  fically  heavier  tho’  lefs  hard,  than  a dia- 
44  mond.  4.  That  compaCt  body,  whole 
44  particles,  when  prefs’d  together,  approach 
44  nearer  to,  but  yet  do  not  Aide  over  one 
44  another,  is  hard  and  elaftic,  returning  to 
44  its  figure  with  a force  arifing  from  the 

mutual 
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“ may.  Bat  I do  not  underftand  the  diftindtion  of  fluids  and  not  fluids,  Physics. 
“ which  they  take  from  magnitude ; could  I relifh  this,  I muft  fay,  that  v— — y~-J 
“ the  ruins  of  fhatter’d  ftones,  which  lie  in  Paul’s  church-yard,  were 
44  fluid.  But  if  thofe  ruins  cannot  be  call’d  fluid,  becaufe  the  (tones  are 
“ too  big,  tell  me  the  bignefs  that  the  parts  of  a ruin’d  wall  mud  have, 

44  to  be  call’d  fluid  ? But  let  thofe,  who  cannot  underdand  infinite  di- 
44  vifibility,  tell  me  why  I (hould  believe  it  more  hard  for  almighty  God 
44  to  create  a fluid  body,  lefs  than  any  atom,  that  its  parts  might  adtu- 
44  ally  flow,  than  to  create  the  ocean.  They,  therefore,  make  me  defpair 
“ of  receiving  any  benefit  from  them,  by  faying,  that  they  think  air,  wa- 
44  ter,  and  other  fluids,  confid  of  folids  ; as  if  a wall,  that  began  to  fall 
“ to  ruin,  were  call’d  by  them  a fluid  body.  If  they  may  fpeak  fo,  every 
44  thing  is  fluid  j for  even  marble  itfelf  may  be  broken  into  parts,  lefs  than 
44  any  atom,  imagin’d  by  Epicurus .”  But  tho’  I make  the  finallnefs  of 
the  parts,  whereof  a body  confids,  one  of  the  requifites  to  its  being  fluid  ; 
yet  I call  the  various  agitation  of  thofe  particles  the  principal  qualifica- 
tion, and  the  chief  condition  of  a fluid  body  ; Mr.  Hobbs , therefore, 
much  midakes,  if  he  thinks  that  we  always  confider  afhes  and  dud  as 
fluids,  abfolutely  fpeaking  : I always  require,  in  the  parts  of  a fluid, 
both  minutenefs,  and  fuch  a motion  along  each  other,  as  makes  them 
eafily  yield  to  the  touch  •,  which  qualifications,  how  well  they  belong  to 
the  ruins  of  Paul’s , is  not  very  difficult  to  determine.  Mr.  Hobbs 


44  mutual  attraction  of  its  parts.  5.  If  the 
44  parts  Hide  upon  one  another,  the  body  is 
44  malleable  or  foft.  6.  If  the  particles  touch 
44  in  very  fmall  furfaces,  the  body  is  friable, 
44  like  fnovv,  or  eafily  feparable  into  its  parts ; 
44  as  two  polifh’a  marbles  adhering  together 
44  in  vacuo,  which  may  be  disjoin’d  by  a 
44  very  fmall  force.  7.  If  they  touch  not 
44  at  all,  or  flip  eafily,  and  are  of  a fit  fize 
44  to  be  agitated  by  heat,  and  the  heat  is  great 
44  enough  to  keep  them  in  agitation,  ( tho’ 
44  perhaps  much  lefs  is  requifite  to  keep  wa- 
44  ter  from  freezing ) or  only  fmall,  voluble, 
44  flippery,  and  of  a figure  and  bulk  difpofed 
44  to  motion,  the  body  is  fluid.  Tho’  the 
44  particles,  even  of  thefe  moft  fluid  bodies, 
44  in  fome  meafure  cohere  together,  as  appears 
44  from  hence,  that  quick-filver  will  ftand  to 
44  the  height  of  fixty  or  feventy  inches  in  a 
44  glafs  tube  ; that  water  will  afcend  in  fmall, 
44  open  pipes  in  vacuo  ; and  that  drops  of  li- 
“ quids  preferve  their  fphericity  in  vacuo  ; 
44  which  is  owing  to  the  mutual  attraction 
44  of  their  parts.  Now  thofe  fluid  bodies, 
44  whofe  particles  eafily  entangle  with  one  an- 
44  other,  as  thofe  of  oil,  or  grow  ftiff  with 


“ cold,  and  become  fixed,  as  it  were,  with 
“ wedges,  together,  like  thofe  of  water,  will 
44  eafily  grow  hard  ; but  if  their  particles  will 
44  neither  entangle,  as  thofe  of  the  air,  nor 
“ grow  ftiff  with  cold,  as  thofe  of  quick-fil- 
“ ver,  they  will  not  cohere  together.  8.  If 
“ the  parts  of  a body  are  exceeding  fmall, 
44  denfe,  and  fpherical,  that  body  may  both 
44  be  fluid,  and  much  heavier  than  others, 
44  which  are  harder  ; their  particles  being  lefs 
44  folid,  but  touching  one  another  in  larger 
44  furfaces.  9.  If  the  particles  of  any  body 
44  may  be  agitated  every  way  by  a very  brifk 
44  motion,  they  will,  whatever  be  their  fi- 
44  gure,  conftitute  a fluid,  as  is  the  cafe  of  me 
44  tals  in  fufion  : but  fuch  a body  will  pre- 
44  fently  grow  hard  again,  when  that  vio- 
44  lent  motion  ceafes.  10.  Thofe  bodies,  whofe 
44  particles  are  entangled  with  one  another, 
44  and  touch  in  large  furnaces,  which  are  in 
44  fome  meafure,  feparated,  and  will  eafily 
44  Aide  over  one  another,  prove  either  flexi- 
44  ble,  as  leather ; or  very  tenacious,  as  bird- 
44  lime,  pitch,  &V  ” See  Newton.  Optic,  p. 
4‘  370.  and  Clark,  Annot.  in  Rohault.  p.  109, 
44  no. 
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Physics,  again  makes  ufe  of  the  like  example,  and  adds,  that  if  we  fpeak  at  this 
' fate,  every  thing  is  fluid  *,  for,  fays  he,  marble  may  be  reduced  to  parts 
fmaller  than  the  atoms  of  Epicurus.  But  I would  gladly  know  by  what  art 
Mr.  Hobbs  can  divide  marble  into  lefler  particles,,  than  fuch  as  are  naturally 
indivifible  *,  for  fuch  Epicurus  makes  his  atoms  to  be  : nor  do  I fee  how, 
in  cafe  this  could  be  done,  it  proves  that  every  thing  is  fluid.  For,  I 
fay,  that  the  blocks  of  marble,  before  comminution,  are  not  fluid,  either 
according  to  him  or  me  *,  nay,  the  greateft  comminution  imaginable 
would  not,  according  to  my  dodtrine,  make  a lump  of  marble  fluid,  un- 
lefs  the  heap,  compofed  of  the  parts,  how  minute  foever,  were  actually 
and  varioufly  fet  a moving  amongft  themfelves.  But  he  would,  perhaps,, 
have  fpoke  more  warily,  if  he  had  confider’d  the  difference  there  is  be- 
twixt faying,  that  all  things  are  fluid,  and  that  there  are  many  folid  bo- 
dies, which,  by  comminution,  motion,,  and  other  requiflte  alterations, 
may  be  made  parts  of  a fluid  •,  as  folid  ice  may  be  turned  into  fluid  wa- 
ter ; and  quick-filver,  precipitated  per  fe  into  a red  powder,  be  reduced  to 
running  mercury.  As  for  what  he  fays  of  an  infinite  divifibility  of  body, 
it  is  fcarce  worth  while  to  examine  it  *,  for  I have  fhewn,  that  this  divi- 
fibility in  no  wife  overthrows  my  dodtrine  of  fluidity.  Befides,  I do  not, 
well  underhand  what  he  means,  when  he  fays,,  that  an  infinite  divifion  is 
not  conceivable,  but  an  infinite  divifibility  eaflly  ; for  fince  he  has  re- 
courfe,  in  this  matter,  to  God’s  omnipotence,  I fee  not  why  an  infinite 
divifion  cannot  be  as  well  conceived,  as  an  infinite  divifibility  : fure  an 
omnipotent  agent  is  able  to  do  what  is  poflible  to  be  done,  and  why 
elfe  fhoutd  a body  be  call’d  infinitely  divifible  ? Befides,  it  imports  not 
to  the  controverfy  about  fluidity,  to  determine  what  the  Almighty  can 
do,  but  what  he  adtually  has  done.  And,  laftly,  whereas  my  adverfary 
requires  to  have  the  magnitude  defined,  which  a part  of  a falling  walL 
, ought  to  have,,  to  deferve  the  name  of  fluid  ; he  fhould  firfl  have  clearly 
proved,  that  fluidity  belongs  to  any  one  Angle  part  of  matter,  how  mi- 
nute , foever,  and  not  rather  to  an  aggregate  of  particles.  And  the  cor- 
pufcles  that  compofe  a fluid  body,  may  be  of  feveral  fizes,  as  thofe  of 
water,  oil,  and  quick-filver  ; provided  they  be  minute  enough  to  be  put 
into  the  agitation  requiflte  to  give  the  aggregate,  they  make  up,  the 
qualities  neceflary  to  denominate  bodies  fluid  : and  it  is  not  requiflte  for 
me  to  define  precifely  the  magnitudes  of  the  parts  of  a fluid.  Mr.  Hobbs 
having  afterwards  afk’d  after  the  caufes  of  hardnefs,  is  anfwcr’d,  that 
fome  affign  three  ; to  which  he  fa  far  agrees  as  to  fay,  but  the  cor- 
u pufcles,  fuch  as  are  fuppofed  by  Lucretius^,  and  alfo'  by  Mr.  Hobbs , 
“ being  hard  before,,  might  be  eaflly  compa&ed  by  any  of  thefe 
**  caufes  *,  fo  that  it  is  not  to  be  doubted,  that  the  whole  to  be  made 
“ of  thofe  corpufcles  wifi  be  hard.  ” But  then  he  would  have  us  af- 
fign the  caufe  of  that  he  calls  durum  primum.  However,  himfelf  an- 
swers the  objeftion  he  frames  againft  my  do&rine  of  hardnefs.  He  far- 
ther demands,.  “ if  hard  bodies  are  made  out  of  parts  originally  hard,. 

why 


Fluidity  and  Firmnefs. 


34 


why  are  not  fluid  bodies  made  of  parts  originally  fluid?  Could  great  Phy  si 
4<  fluids,  as  the  aether,  be  created,  and  not  fmall  ones  ? He  who  firft  -V'* 
“ made  a body  hard  or  fluid,  could,  if  he  had  pleafed,  have  made  it  grea- 
se ter  or  lefs  than  any  other  body.  Now  if  a fluid  body  be  made  of  parts 
« not  fluid,  and  hard  bodies  only  from  hard  parts,  doth  it  not  follow, 

“ that  neither  fluid  nor  hard  is  made  of  original  fluids?”  But,  firft,  he 
fhould  have  told  us  what  he  means  by  his  prima  fluida , and  how  he  knows 
there  are  any  fuch  ; for  without  this,  ’twill  be  as  hard  for  a confidering 
man  to  acquiefce  in  his  queftion,  as  to  anfwer  it.  For  my  part,  I know 
no  fluid  body,  upon  account  whereof,  as  an  ingredient,  all  others  are 
fluid..  And,  I think,  ’twill  be  hard  for  Mr.  Hobbs  to  ftiew,  that  wa- 
ter, quick-filver,  rectified  chymical  oils,  confift  of  fuch  fluida  pri - 
ma,  as  he  teaches,  whereto  they  owe  all  their  fluidity  And  ’tis  plain 
from  experiments,  and  even  the  obvious  changes  of  water  and  ice  into 
one  another,  that  ’tis  the  motion,  reft,  and  texture  of  the  corpufcles,  which 
compofe  a body,  that  make  it  firm  or  fluid.  As  for  what  Mr.  Hobbs  de- 
mands, whether  the  fmalleft  fluids  imaginable  could  not  as  well  have 
been  created,  as  the  aether  ; it  proves  nothing  againft  me,  the  queftion 
not  being,  what  might  have  been  made,  but  what  is  fo.  And  he  fhould 
have  anl'wered  the  arguments  I alledge,  to  Tender  it  improbable,  that  a 
fluid  body  is,  as  he  would  perfuade  us,  always  diviflble  into  bodies 
equally  fluid,  as  quantity  into  quantities.  ’Tis  true,  he  tells  us,  that 
44  tho’  many  others  do  not,  he  underftands  by  fluidity,  that  which  is 
4,4  made  fuch  by  nature,  equally  in  every  part  of  the  fluid  body,  in  fuch 
44  a manner  as  water  feems  fluid,  and  to  divide  itfelf  into  parts  perpe- 
44  tually  fluid.”  But  whether  others  will  take  this  for  a clear  notion  of 
fluidity,  I think,  may  be  doubted  y and  he  fhould  not  barely  fay,  but 
prove,  that  the  corpufcles  of  water  divide  themfelves,  fo  as  he  teaches  ; 
fince  we  fee,  that  they  cannot  penetrate  glafs,  and  are  unable  to  be 
driven  in  at  the  pores  of  more  open  bodies,  which  other  liquors  eaflly 
enter.  And,  laftly,  to  Mr.  Hobbs' s queftion,  if  fluids  may  be  made  of 
folids,  &c.  ’tis  eafy  to  give  an  anfwer,  according  to  my  dodtrinc  ; but 
till  he  has  explainrd  v/hat  he  means  by  his  fluida  prima , and  proved 
that  there  are  fuch,  the  queftion  needs  no  anfwer.  Befides,  what- 
ever he,  thro’  miftake,  drives  to  infer,  my  doctrine,  is  fo  far  from  afiert- 
ing  that  there  are  many  parts  of  matter,  of  which  neither  fluid  nor 
hard  bodies  can  be  made,  that  I teach,  there  are  multitudes  of  parts, 
which  may,  by  being  reduced  to  fufflcient  fmallnefs,  and  put  into  a con- 
venient motion,  or,  by  being  brought  to  a mutual  contact  and  reft,  be 
made  to  conftitute  either  a fluid  body,  or  a firm  one.  Mr.  Hobbs  thus 
delivers  his  own  theory  of  fluidity  and  firmnefs  : 44  The  principles  of  flu- 

44  idity  and  firmnefs,  are  nothing  but  reft  and  motion.  By  reft,  I under- 
44  ftand  that  of  two  parts,  one  with  another,  when  they  touch,  but  not 
44  prefs  each  other;  for  entire  bodies  of  fluids  may  be  in  motion,  and 
**  Their  fluidity  remain  ; and  hard  bodies  be  at  reft,  tho*  their  parts  are 
* 44  isu 
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Physics.  “ in  motion.”  This,  I doubt  not,  will,  to  moft  readers,  fee  tn  a paradox ; 

and  as  for  his  reafoning,  I fHall  readily  allow  him,  that  entire  fluids  may 
move,  yet  preferve  their  fluidity  *,  fince  that,  I think,  agrees  at  leaft  as 
well  with  my  hypothefis  as  his : but  lie  adds,  that  hard  bodies  may  reft, 
and  yet  their  parts  be  moved,  which,  in  one  cafe,  may  be  conceived,  and 
in  another  not.  For  the  implicated  parts  of  a firm  body  may  be  made 
to  tremble  or  vibrate,  as  thole  of  a founding  bell,  or,  as  in  a hedge,  the 
branches  and  twigs  may  be  fhaken  by  the  wind,  whilft  the  treeis  and 
bullies  themfelves  continue  rooted  in  the  ground:  but  that  in  a body, 
the  constituent  corpufcles  fhould  all,  or  moft  of  them,  be  moved  quite 
out  of  their  places,  in  refpedt  of  one  another,  as  happens  in  fluids,  and 
yet  the  body  continue  hard,  is  more  requifite  than  eafy  to  be  proved. 
J3ut  Mr.  Hobbs  contents  himfelf  to  alledge,  in  favour  of  his  ftrange  no- 
tion of  fluidity  and  firmnefs,  three  particulars,  which,  I confefs,  afford 
me  not  the  leaft  fatisfadlion.  The  firft  is  drawn  from  what  he  formerly 
taught,  of  the  fwift  motion  of  the  air  in  our  cylinder.  He  adds,  “ and 
“ hence  it  is  manifeft,  that  there  is  a compreffure  in  the  air,  thus  moved 
“ and  fhut  up,  as  great  as  the  force,  by  which  it  was  driven  in,  could 
“ make  j and  al fo,  that  from  fo  great  a compreffure,  fome  degree  of  con- 
“ fiftence  muft  arife,  tho’  lefs  than  that  of  water.  Now  if  in  all  the  fame 
“ particles  of  air,  befides  the  motion  by  which  one  preffes  another,  there 
“ was  alfo  the  Ample  circular  motion,  and  that  vehement  enough,  it 
<c  would  be  almoft  impoffible  that  any  of  them  fhould  be  moved  from  its 
“ little  circle  ; but  that  the  other  particles  refilling  the  whole,  would  be 
*c  preffed  together,  that  is,  become  hard  •,  for  that  is  hard,  of  which  no 
cc  part  gives  place,  but  upon  the  motion  of  the  whole : hardnefs  there- 
*c  fore  may  be  made  in  a moft  fluid  body,  by  this  Ample  circular  motion 
<c  of  particles,  which  was  before  imparted  to  them  by  two  contrary  mo- 
tions.”  But  I do  not  fee  how  the  Ample  circular  motion  he  talks  of, 
fhould  give  fuch  a hardneis  to  the  fluid  air  •,  nor  is  it  manifeft  how  the 
air,  that  perfectly  fills  the  cylinder,  can  be  by  motion  comprefs’d,  efpe- 
cially  fo  far,  as  thereby  to  obtain  a degree  of  confiftence,  as  he  fpeaks, 
lefs  than  the  confiftence  of  water.  For  the  cylinder  being,  according  to 
him,  perfectly  full  of  air,  how  can  the  pumping  make  the  cavity  fuller 
than  full,  and  confequently  comprefs  the  air  to  a confiftence,  any  thing 
near  that  of  water,  without  penetration  of  dimenfions  ? But  if  there  be 
not  a various  motion  in  the  fmall  parts  of  water,  whence  is  it  that  a 
lump  of  common  fait,  being  thrown  into  a veffel  of  that  fluid,  is  there 
diffolved  into  minute  parts,  many  whereof  are  carried  to  the  very  top  of 
the  water,  and  fo  exquifitely  diffufed  and  mixed  with  the  whole,  that 
each  drop  of  it  contains  numbers  of  faline  corpufcles.  And  if  motion 
be  the  caufe  rather  of  hardnefs  than  fluidity,  how  happens  it,  that  in 
frofty  weather,  ice  is  by  heat,  which  Mr.  Hobbs  will  not  deny  to  be  mo- 
tion, or  an  effedl  of  it,  turned  from  a hard  to  a fluid  body  ? and 
that  metals,  whilft  they  are  either  cold,  or  expofed  to  a moderate  heat, 

remain 
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remain  firm  and  confident  bodies  * but  by  a violent  one,  which  mani>  Physics. 
fed’  gives  their  parts  a various  and  vehement  agitation,  gain  a fluidity,  *4 

which,  upon  their  removal  fronv.the  fire,  they  quickly  exchange  for  firm- 
nefs ? To  conclude,  I think  I need  not  fear,  that  a do6trine,  which  I 
have,  perhaps,  with  fome  care,  endeavour’d  to  edablifh,  for  the  main, 
upon  experiments,  fhould  be  overthrown  by  opinions,  the  grounds  where- 
of are  fuch,  as  we  have  already  feen  •,  and  in  pleading  for  which,  Mr.  Hobbs , 
not  only  leaves  almofl  all  my  arguments  untouch’d,  but  never  offers  to  ex- 
plain, by  his  principles,  any  of  thofe  numerous  and  important  phenomena 
of  fluidity  and  firmnefs,.  which  I deliver.. 
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VOLATILITY  and  FIXEDN  ESS. 


SECT.  I. 

THE  qualities  which  render  a portion  of  matter  volatile,  are  princi-  ^ qualities 
pally  four  ; three  whereof  regard  its  fingle  corpufcles,  and  the 
other  the  manner  of  their  union  into  the  body  they  compofe.  By  */// 

corpufcles  or  the  minute  parts  of  a body,  I here  mean  not  its  elementary  chiefly, four. 
parts,  as  earth  or  water,  fait  or  fulphur;  but  fuch,  whether  fimple  or 
compound,  as  have  their  component  particles  fo  firmly  united,  as  not  to- 
tally to  be  disjoined  or  diffipated  by  that  degree  of  fire  wherein  the  mat- 
ter they  compofe  is  faid  to  be  volatile  or  fixed  ; fo  that  they  will,  com- 
bined in  their  aggregate,  either  afeend  or  remain  unraifed  as  one  intire 
body.  Thus  in  fal-armoniac,  whether  it  be  a natural  or  a fa&itious 
thing,  perfectly  fimilar,  or  compounded  of  different  parts,  I look  upon  an 
intire  corpufcle  of  it  as  a volatile  portion  matter ; fo  I do  upon  a corpufcle 
of  fulphur,  tho*  when  5tis  kindled  it  yields  much  acid  fait;  which  is  not 
extricated  by  bare  fublimation.  Thus  alfo  colcothar  of  vitriol  falls  un- 
der our  confideration  as  a fixed  body,  without  inquiring  what  cupreous 
or  other  mineral,  and  not  wholly  fixed  parts,  may  be  united  with  the 
earthy  ones  ; fince  the  fires  whereto  we  expofe  it,  do  not  feparate  them. 

Now  in  the  firfl  place,  to  make  a volatile  body,  its  parts  fhould  be  fmall,  $mallnefi  °f 
becaufe  fuch  are  more  eafily  put  into  motion  by  the  a&ion  of  the  fire,  or^arts' 
other  agents;  and  confequently  more  apt  to  be  elevated  by  a force  that  tends 
upwards  ftronger  than  any  other  way.  And  if  with  this  minutenefs  of 
parts,  there  be  but  a fmall  fpecific  gravity,  their  furface  then  being  propor- 
tionably  larger  than  in  bigger  particles,  this  will  much  more  facilitate 
their  elevation. 

’Tis  next  requifite  in  the  corpufcles  of  volatile  bodies,  that  they  be  not 
too  fblid  or  heavy;  for  otherwife,  tho*  their  bulk  be  fmall,  they  will  1g  neJS' 
ufually  be  hard  to  elevate,  on  account  of  their  great  fpecific  gravity,  in 
refpeft  of  the  air  and  the  ftrength  of  other  agents.  Thus  tho*  the  parts  of 
Vol.  I.  B b b red 
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Physics,  red  lead  be  very  fmall,  they  cannot  be  eafily  blown  about  like  dull  or 
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A third  qualification  in  a volatile  body,  is,  that  its  parts  be  conveniently 
ftraped  for  motion ; for  if  they  be  branched,  hooked,  &V.  they  will  be  apt 
to  be  Hopp’d  or  detain’d  by  other  bodies,  or  to  be  entangled  among 
themfelves,  and  confequently  very  difficult  to  be  carried  upwards.  And 
this  may  be  one  reafon  why  water,  tho’  fpecifically  heavier  than  oil,  is 
much  more  exhalable  in  vapour  than  it. 

The  laft  thing  neceffary  in  a volatile  body,  is,  that  its  parts  cohere  loofe- 
ly,  or  fo  as  to  difpofe  them  to  be  feparated  by  the  fire,  in  the  form  of  fume 
weak  cohefan.  or  vapour  : otherwife  one  part  will  hinder  the  avolation  of  another,  and 
their  conjunction  render  them  too  heavy  or  unwieldy  to  rife  together,  as 
intire  parts.  Thus  a ftrong  wind,  in  the  fpring  feafon,  is  unable  to  car- 
ry off  the  lighted:  leaves  of  trees,  becaufe  they  then  flick  faff  to  the  twigs  ; 
but  in  autumn,  when  that  adhefion  ceafes,  a gentle  gale  will  ferve  to  dif- 
perfe  them.  But  ’tis  poffible  that  the  parts  of  a body  may,  by  the  figure 
and  fmoothnefs  of  their  furfaces,  be  Efficiently  apt  for  motion,  and  yet 
be  indifpofed  to  admit  fo  much  of  it  as  would  totally  feparate  and  raife 
them  into  the  air.  As  when  falt-petre  is,  in  a crucible,  expofed  to  the 
fire,  tho’  a very  moderate  degree  of  heat  will  bring  the  fait  to  fufion,  yet 
a greater  degree  of  fire  will  not  extricate  fo  much  as  its  fpirit,  and  caufe 
that  to  fly  away  *. 

flrje  ways  of  This  doClrine  may  be  both  illuflrated,  and  apply’d,  by  deducing  from 
introducing  it  the  general  ways  of  volatilizing  bodies,  or  of  introducing  volatility 
volatility  into  jnto  an  afiigneci  portion  of  inatter.  And  thefe  ways  feem  reducible  to 
five,  which  I fhall  feverally  mention,  tho’  both  nature  and  art  ufually 
employ  two  or  more  of  them  in  conjunction.  For  which  reafon,  I would 
not,  when  I fpeak  of  one  way,  be  underflood  to  exclude  the  reft,  as  if 
no  other  concurred  in  it. 

The  firft  of  thefe  ways  of  volatilizing  a body,  is  by  reducing  it  into 
minute  parts,  and  c ceteris  paribus , the  more  minute  the  better.  This  ap- 
pears from  the  vulgar  practice  of  the  chymifts,  who  when  they  would 
fublime  or  diftil  antimony,  fal-armoniac,  fea-falt,  nitre,  &V.  beat 
them  to  powder  to  facilitate  their  receiving  a farther  comminution  by  the 
aCtion  of  the  Are.  And  in  fome  bodies  this  comminution  ought  not  to  be 
made  only  at  firft,  but  to  be  continued  afterwards.  For  chymifts  find  by 
experience,  that  fea-falt  and  nitre  will  very  hardly  afford  their  fpirits  in 
diflillation,  except  they  are  mixed  with  powdered  brick  or  bole,  or  fome 
fuch  other  addition  •,  which  ufually  twice  or  thrice  exceeds  the  weight 
of  the  fait  itfelf.  And  altho’  thefe  additions,  being  themfelves  fixed, 
feem  unlikely  to  promote  the  volatilization  of  the  bodies  mixed  with  them  ; 
yet  by  preventing  the  fmall  grains  of  fait  from  melting  together  into  one 
mafs,  and  confequently  keeping  them  in  the  ftate  of  comminution,  they 


bodies. 
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in  bis  chymical  differ  from  fixed 
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ones,  in  nothing  bat  in  having  their  particles, 
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much  conduce  to  drive  up  the  fpirits,  or  the  finer  parts  of  the  falts.  We  Physics. 
may  add,  that  in  fome  cafes,  the  comminution  is  greatly  to  be  promoted  by 
mechanical  means  •,  and  that,  when  the  parts  are  brought  to  a!  great  de- 
gree of  fmallnefs,  they  may  be  elevated  much  better  than  before.  Thus 
if  you  mix  filings  of  iron  with  fal-armoniac,  fome  few  parts  may  be  fub- 
limed  •,  but  if  you  difiolve  thofe  filings  in  good  fpirit  of  fait,  and  having 
coagulated  the  folution,  calcine  the  greenifh  cryflals,  or  Vitriolum  Martis , 
that  will  be  afforded,  you  may,  with  eafe  and  expedition,  obtain  a Crocus 
Martis  of  very  fine  parts  •,  fo  that  I remember,  when  we  exquifitely  mix’d 
two  parts  of  this  fixed  powder,  with  three  of  fal-armoniac,  and  gradually 
urged  it  with  a competent  fire  ; we  elevated,  at  the  firH  fublimation,  a great 
part  of  it  *,  and  adding  a like,  or  fomewhat  lefs  proportion  of  frefh  fal-ar- 
moniac to  the  Caput  mortuum , we  could  raife  fo  confiderable  a part  of  that 
alfo,  and  in  it,  of  the  Crocus , that  if  we  had  purfued  the  operation,  we 
might,  perhaps,  have  elevated  the  whole  Crocus  \ which  afforded  a fublimate 
of  fo  very  aftringent  a tafte,  that  it  may  make  the  trial  of  it  in  Handling  of 
blood,  Hopping  of  fluxes,  and  other  cafes,  where  potent  aHriftion  is  defi- 
red,  worthy  of  a phyfician’s  notice. 

The  fecond  means  to  volatilize  bodies,  is  to  rub,  grind,  or  otherwife  The  fecond 
reduce  their  corpufcles  either  to  a lmoothnefs,  or  fome  fit  fhape,  that,  fo  they 
may  clear  themfelves,  or  be  difintangled  from  each  other.  And  to  this  inflru- 
ment  of  volatilization,  in  concurrence  with  the  firH,  may  probably  be  refer- 
red the  following  phenomena  : in  the  two  former  of  which,  there  is  em- 
ploy’d no  additional  volatile  ingredient  ; and  in  the  fifth,  a fixed  body  is 
difpofed  to  volatility  by  the  operation  of  a liquor  carefully  abflrafted  from 
it.  (1.)  If  frefh  urine  be  diHilied,  the  phlegm  will  firH  afeend,  and  the 
volatile  fait  not  rife,  till  that  be  almoH  totally  driven  away  ; and  then  it  re- 
quires a confiderable  degree  of  fire  to  elevate  it : but  if  you  digeH  urine, 
in  a well-clofed  glafs  veflfel,  for  feven  or  eight  weeks,  that  gentle  warmth 
will  caufe  the  fmall  parts  fo  to  rub  againH,  or  otherwife  aft  upon,  one 
another,  that  the  finer  ones  of  the  fait  will,  perhaps,  be  made  more  {len- 
der and  light ; however,  they  will  be  made  to  extricate  themfelves  fo 
far,  as  to  become  volatile,  and  afeending  in  a very  gentle  heat,  leave  the 
greateft  part^  of  the  phlegm  behind  them.  (2.)  So  if  muH,  or  the  artifi- 
cial wine  of  raifins,  be  diHilied  before  it  hath  fermented ; the  phlegm, 
but  no  inflammable  fpirit  will  afeend.  But  when  this  liquor  is  reduced  to 
wine  by  fermentation,  which  is  accompanied  with  a great  intefline  corm 
motion,  fome  of  the  parts  are  qualify ’d  to  rife,  by  a very  gentle  heat,  be- 
fore the  phlegm,  and  convene  into  that  liquor  we  call  fpirit  of  wine.  * Nor 
is  it  only  in  the  (lighter  inflances  afforded  by  animals,  and  vegetables, 
that  volatility  may  be  effefted  by  thefe  means  : experience  hath  aflured  me, 
that  it  is  poflible  by  a long  artificial  digeflion,  wherein  the  parts  have  lei- 
sure for  frequent  attritions,  fo  to  fubtilize  the  corpufcles,  even  of  common 
fait,  as  to  make  them  afeend  in  a moderate  fire  of  fand,  without 
the  help  of  bole,  oil  of  vitriol,  or  any  volatilizing  addition:  and  what  is 
more  confiderable,  the  fpirit  would,  in  rifing,  precede  the  phlegm,  and 
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leave  thegreateft  part  thereof  behind  it.  This  inteftine  commotion  of  parts 
capable  of  producing  volatility  in  the  more  difpofed  portions  of  a body’ 
tho*  it  be  much  eafier  to  be  found  in  liquors,  or  in  moift  and  foft  bodies’ 
yet  I have  fometimes  met  with  it  in  dry  ones ; and  particularly,  having 
caufed  muftard-feed  to  be  diftilled^r/*  in  a retort,  I had  a great  many 
grains  of  a clear,  and  figured  volatile  fait  at  the  very  firft  diflillation.  I 
leave  it  to  farther  enquiry,  whether  in  a body  fo  full  of  fpirits  as  muftard- 
feed,  the  action  and  re-a£tion  of  the  parts  among  themfelves,  perhaps  pro- 
moted by  juft  degrees  of  fire,  might  not  fuffice  to  make  in  them  a change 
equivalent,  in  order  to  volatilization,  and  the  yielding  a volatile  fait,  to 
that  we  have  obferved  from  fermentation  and  putrefaction  in  the  juice  of 
grapes,  uiine,  But  as  fome  trials  made  with  other  feeds,  and  among 

the  reft  with  aromatic  ones,  have  afforded  me  no  volatile  fait  ; fo  the 
fuccefs  of  others  has  fometimes  made  me  think,  that  fome  fubjedts  of  the 
vegetable  kingdom,  whence  we  commonly  derive  acid  fpirits,  but  no  dry  fait, 
may  be  diftilled  with  fo  regular  a heat,  as  to  afford  fome  volatile  fait  *,  and 
that  more  bodies  would  be  found  to  do  this,  were  they  not  too  haftily  or 
violently  urged  by  the  fire.  (3.)  Tho’  filver  be  one  of  the  moft  fixed  bo- 
dies we  know,  yet  I am  of  opinion,  that  it  is  poflible,  chiefly  by  a 
change  of  texture,  to  render  it  volatile.  An  acquaintance  of  mine  ha- 
ving hit  upon  a ftrange  menftruum,  tho’  not  corrofive,  he  abftrafted  it  from 
feveral  metals,  and  brought  me  the  remainders,  with  a defire  that 
I would  endeavour  to  reduce  thofe  of  lead  and  filver  to  their  priftine 
form,  which  he  had  in  vain  attempted  : but  tho*  I found  the  white  calx 
of  lead  reducible,  yet  when  I came  to  the  calx  of  filver,  I was  unable  to 
bring  it  into  a body  ; and  having  at  length  melted  fome  lead  in  a gentle 
fire,  to  try  whether  I could  make  it  fwallow  up  the  calx,  in  order  to  a 
farther  operation,  I was  furprized  to  find,  that  this  mild  heat  made  the 
calx  of  filver  prefently  fly  away,  and  fublime  in  the  form  of  a Farina  vola- 
tility which  whitened  the  neighbouring  part  of  the  chimney  and  upper 
part  of  the  crucible.  (4.)  From  that  which  chymifts  themfelves  tell  us, 
we  may  draw  a good  argument,  ad  hominem , to  prove,  that  volatility  de- 
pends much  upon  the  texture,  and  other  mechanical  affedtions  of  a body. 
For  feveral  of  thofe  philofophers,  who  write  of  the  elixir,  fay,  that 
when  their  philofophic  mercury  or  grand  folvent,  being  fealed  up  together 
with  a third  or  fourth  part  of  gold  in  a glafs-egg,  is  kept  in  convenient 
degrees  of  fire,  the  whole  matter,  and  confequently  the  gold,  will,  by  the 
mutual  operation  of  the  included  fubftances,  be  fo  changed,  as  not  only  to 
circulate  up  and  down  in  the  glafs,  but  in  cafe  the  digeftion  or  decodtion 
fhould  be  broken  off  at  a certain  inconvenient  time,  the  gold  would  be  quite 
fpoiled  •,  being,  by  the  paft  and  untimely-ended  operation,  made  too  vo- 
latile, to  be  reducible  again  into  gold  ; whereas,  if  the  decodtion  be  duly 
continued  to  the  end,  not  only  the  gold,  but  all  the  philofophic  mercury 
or  menftruum  will  be  turned  into  a fulphur  or  powder,  of  a wonderfully 
fixed  nature.  Now  in  this  cafe,  it  is  not  by  any  thing  fuperadded,  that 
t^e  moft  fixed  body  of  gold  is  made  volatile  \ but  the  fame  mafly  matter, 
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confiding  of  gold  and  philofophic  mercury,  is,  by  the  change  of  texture,  Physics. 
occafioned  by  the  various  degrees  and  operations  of  fire  upon  it,  brought 
to  be  firft  volatile,  and  then  extremely  fixed.  (5.)  Belmont , amongfl  other 
prodigious  powers,  which  he  afcribes  to  the  alkaheft,  affirms,  that  by  ab- 
ftra&ing  it  often  enough,  it  would  fo  change  all  tangible  bodies,  and  con- 
fequently  (tones  and  metals,  that  they  might  be  di hilled  over  into  liquors 
equal  in  weight  to  the  refpe&ive  bodies  that  afforded  them,  and  having 
all  the  qualities  of  rain-water  ; and  if  fo,  they  mud  be  very  volatile. 

And  I fee  not  how  thofe,  who  admit  the  truth  of  this  ftrange  operation, 
can  deny,  that  volatility  depends  upon  the  mechanical  affe&ions  of  mat- 
ter *,  fince  the  alkahed,  at  lead  in  our  cafe,  appears  to  work  upon  bodies 
mechanically.  And  it  mud  be  confeffed,  that  the  fame  material  parts  of 
a corporeal  fubdance,  which,  when  adociated  and  interwoven,  after  a 
determinate  manner,  condituted  a folid  and  fixed  body,  as  a flint,  or  a 
lump  of  gold  ; may  by  having  their  texture  diflolved,  and  by  being  freed 
from  their  former  implications  or  coheflons,  become  the  parts  of  a fluid 
body  totally  volatile. 

The  third  means  of  making  a body  volatile  is,  by  aflociating  the  parti-  The  third 
cles  to  be  raifed,  with  fuch  as  are  more  volatile  than  themfelves,  and  of  a way, 
figure  fit  to  be  fadened  to  them,  or  which  are  at  lead  apt,  by  being  added 
to  them,  to  make  up  therewith,  corpufcles  more  difpofed  to  volatility  than 
they.  This  being  the  grand  indrument  of  volatilization,  I (hall  be  the 
larger  upon.  But  I mud  here  obferve,  that  ’tis  poflible  the  particles 
of  an  addition,  tho*  not  more  volatile  than  thofe  of  the  body  it  is  mixed 
with,  and  perhaps,  tho*  not  volatile  at  all,  may  yet  conduce  to  volatilize 
the  body  wherewith  it  is  mixed.  For  the  particles  of  the  thing  added  may 
be  of  fuch  figures,  and  fo  adociated  with  thofe  of  the  body  to  be  elevated, 
as  in  this  to  enlarge  its  former  pores,  or  produce  new  ones,  by  intercept- 
ing little  cavities,  between  the  particles  of  that  body,  and  thofe  of 
the  additional  ingredient.  For  by  thefe,  and  other  fuch  ways  of  aflfo- 
ciation,  the  corpufcles,  refulting  from  the  combination  or  coalition  of  two 
or  more  of  fuch  different  particles,  may,  without  proving  too  big  and  un- 
wieldy, be  more  conveniently  fliaped,  or  more  light  in  proportion  to  their 
bulk,  and  fo  more  eafily  buoyed  up,  and  fuftained  in  the  air,  or  otherwife 
more  fitted  for  avolation,  than  when  fingle. 

The  corpufcles  of  the  added  ingredient  may  contribute  to  the  elevation  How  the  par  - 
of  a body  chiefly  by  two  things ; firff,  the  parts  of  the  former  may  be  much  ^J^dfwredi- 
more  difpofed  for  avolation,  than  is  neceflary  to  their  own  volatility.  As  ent  ma\ f (on. 
when  in  the  making  of  fal-armoniac,  the  faline  particles  of  urine,  and  of  tribute  to  raife 
foot,  are  more  fugitive  than  they  need  to  be  to  raife  themfelves  ; and  thofe  cfano- 
thereby  are  advantaged  to  carry  up  with  them  the  more  fluggilh  corpufcles,  tjer  0 j' 
whereof  fea-falt  confifts.  And  next,  they  may  be  of  figures  fo  proper  to 
fallen  them  to  the  body  to  be  elevated,  that  the  more  fugitive  will  not  be 
driven  away,  or  disjoined  from  the  more  fixed  by  fuch  a degree  of  heat, 
as  is  fufficient  to  raife  them  both  together.  To  which  effect,  the  congruity 
er  figuration,  is  as  well  required,  as  the  Jightnefs  or  volatility  of  the  parti- 
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Physics,  cles  of  the  thing  added.  And  therefore  fome  of  the  moft  fugitive  bodies  we 
know,  as  fpirit  of  wine,  camphire,  &c.  will  not  volatilize  many  fub- 
ftances,  which  might  be  elevated  by  far  lefs  fugitive  things  j becaufe  the 
corpufcles  of  fpirit  of  wine  Hick  not  to  thofe  of  the  body  they  are  mixed 
with,  but  eafily  flying  up  themfeives,  leave  thofe  behind  them,  which  they 
rather  barely  touch’d,  than  firmly  adhered  to  *,  whereas,  far  lefs  fubtile 
liquors,  if  they  be  endowed  with  figures,  which  fit  them  for  a compe- 
tently firm  cohefion  with  the  body  they  are  mixed  with,  will  be  able  to 
volatilize  it.  And  of  this  I lhall  give  fome  inftances  in  bodies  very  pon- 
derous, or  very  fixed,  or  both.  To  begin  with  colcothar*,  which  being  a 
vitriolic  calx,  made  by  a lading  and  vehement  fire,  is,  confequently,  ca- 
pable of  redding  fuch  an  one  *,  yet  this,  when  exquifitely  ground  with  an 
equal  weight  of  fal-armoniac,  a fait  but  moderately  volatile,  will  be  in  great 
part  fublimed  into  thofe  yellow  flowers  we  call  Ens  primum  Veneris  *,  in 
which,  that  many  vitriolic  corpufcles  of  the  colcothar  are  really  elevated, 
will  eafily  appear  by  putting  a grain  or  two  of  that  reddifli  fubdance  in- 
to a drong  infufion  of  galls,  which  thereby  immediately  acquires  an  inky 
colour.  Steel  alfo,  (which  mud  have  endured  extraordinary  violences  of 
the  fire,)  being  reduced  to  filings,  and  diligently  ground  with  about  an  e- 
qual  weight  of  fal-armoniac,  will,  if  degrees  of  fire  be  fkilfully  admini* 
ftred,  without  any  previous  calcination  or  redudtion  into  a crocus,  differ 
fo  much  of  the  metal  to  be  carried  up,  as  to  give  the  fal-armoniac  a do- 
table  colour,  and  a chalybeate  tad.  And  here  it  will  be  proper  to  ob- 
ferve,  for  the  fake  of  practical  chymids,  that  the  proportion  of  the  vola- 
tile addition  is  to  be  regarded.  Several  bodies  thought  unfit  for  fublima- 
tion,  or  incapable  of  having  any  confiderable  portion  of  them  elevated, 
may  be  plentifully  fublimed,  if  a greater  proportion  of  the  addition,  than 
ufual,  is  fkilfully  employ’d.  Thus  in  the  indance  of  filings  of  fteel,  if  in- 
ftead  of  an  equal  weight  of  fal-armoniac,  the  treble  weight  be  taken,  and 
the  operation  duly  managed,  .a  far  greater  quantity  of  the  matter  may  be 
raifed,  efpecially  if  frefli  fal-armoniac  be  cirefully  ground  with  the  Caput 
mortuum.  And  fal-armoniac  may  perhaps  be  compounded  with  fuch  o- 
ther  bodies,  heavier  than  itfelf,  as  may  qualify  it,  when  it  is  thus  clog- 
ged, to  elevate  fome  fit  fubdances,  better  than  it  would  of  itfelf  alone.  I 
(hall  add,  that  if  befides  the  plenty  of  the  foreign  ingredient,  there  be  a fuf- 
ficient  fitnefs  of  its  particles,  to  lay  hold  on  thofe  of  the  body  to  be  wrought 
on,  ponderous  mineral  bodies  may  be  employ’d  to  volatilize  other  heavy 
bodies.  I am  apt  to  think,  that  almod  all  metals  may,  by  large  additions 
and  frequent  cohcbations,  be  brought  to  pafs  through  the  neck  of  the  retort, 
in  didillation  •,  and  perhaps,  if  they  be  melted,  not  with  equal  parts, 
but  with  many  more,  of  regulus  of  antimony,  and  the  procefs  be  managed 
as  the  hints  now  given  dired,  what  I have  faid  may  not  prove  unfervice- 
able.  Many  attempts  have  been,  and  are  dill  fruitlefsly  made  by  chymids 
to  elevate  fait  of  tartar  with  additions.  Now  I fhall  only  obferve,  that  as 
frequent  experience  fhews,  if  fal-armoniac  be  abdra&ed  from  fait  of  tar- 
tar, not  only  the  fait  of  tartar  is  left  at  the  bottom,  but  a large  part  of 
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the  fal-armoniac  with  it;  I fufpe&ed  the  caufe  might  be,  that  fal-armo-  Physics. 
niac,  by  the  operation  of  the  alkali  of  tartar,  is  reduced  into  fea-falt, 
and  an  urinous  one,  having  been  at  firft  compofed  of  thofe  different  ingredi- 
ents ; and  by  this  means  the  volatile  fait  being  loofened  from  the  the  red,  flies 
eafily  away,  without  flaying  long  enough  to  take  up  any  other  fait  with 
it : and  therefore,  if  this  analyfls  of  the  fal-armoniac  could  be  preven- 
ted, it  feem’d  not  impoffible,  that  fome  part  of  the  fait  of  tartar,  as  well 
as  of  colcothar  and  fteel,  might  be  carried  up  by  it.  And  accordingly, 
having  cau fed  the  ingredients  to  be  exceedingly  well  dried,  and  both  nim- 
bly and  carefully  mixed,  and  fpeedily  expoled  to  the  fire  •,  I have  fome- 
times  had  a portion  of  fait  of  tartar,  carried  up  with  the  fal-armoniac  ; Salt  of  tartar 
but  this  happened  fo  very  rarely,  that  I fufpe&ed  there  muff  be  a pecu-  volatilized. 
liar  fitnefs  for  this  work  in  fome  parcels  of  fal-armoniac,  which  are 
fcarce,  but  by  the  effeCt,  to  be  difeerned  from  others.  This,  however, 
argues  the  pofiibility  of  the  thing,  and  may  ferve  to  fhew  the  volatilizing 
efficacy  of  fal-armoniac  *,  which  is  a compound  that  I recommend,  as  one 
of  the  moft  ufeful  productions  of  vulgar  chymiftry. 

But,  by  the  way,  there  feems  to  be  a great  deal  of  difference  between 
making  a volatile  fait  of  tartar,  and  the  making  fait  of  tartar  volatile.  It 
is  very  pofiible,  that  a man  may  from  tartar  obtain  a volatile  fait,  and  yet 
not  be  able  to  volatilize  that  tartareous  fait,  which  has  once,  by  incinera- 
tion, been  brought  to  a fixed  alkali.  There  is  a way,  whereby  fome  chy- 
mifts  obtain  a volatile  fait  from  a mixture  of  antimony,  nitre,  and  crude 
tartar,  which,  probably,  comes  from  the  latter  ; but  experience  hath  affured 
me,  that  by  a diftillation  flowly  made,  without  any  addition,  very  clean 
tartar,  or  at  leaft,  the  cryftals  of  tartar,  may,  in  conveniently  lhaped  vef- 
fels,  be  brought  to  afford  a fubftance,  which,  in  rectification,  will  a- 
feend  to  the  upper  part  of  the  veffel,  in  the  form  of  a volatile  fait ; as 
if  it  were  of  urine,  or  of  hartVhorn  : tho*  this  operation  requires  a dex- 
trous and  a patient  diftiller.  But  to  render  a fixed  alkali  of  tartar  vola- 
tile, I take  to  be  another,  and  a far  more  difficult  work  ; for  the  com- 
mon proceffes  of  performing  it,  promife  much  more  than  they  can  make 
good.  I have  convinced  fome  of  the  more  ingenuous  chymifts,  that  the  fub- 
limed  fait  was  not  indeed  the  alkali  of  tartar,  but  fomewhat  produced  by  the 
operation,  or  rather  extricated  out  of  the  addition.  Yet  I would  not  be 
thought  to  affirm,  that  it  is  impoffible  to  elevate  the  fixed  fait  of  tartar. 

For  fometimes  I have  been  able  to  do  it,  even  at  the  firft  diftillation,  by 
an  artificial  addition,  perhaps  more  fixed  than  itfelf ; blit  tho’  the  ope- 
ration was  very  grateful  to  me,  as  it  fhew’d  the  pofiibility  of  the  thing, 
yet  the  fmall  quantity  of  the  fait  fublimed,  and  other  circwmftances,  kept 
me  from  much  valuing  it  upon  any  other  account.  And  there  are  other 
ways,  whereby  experience  has  affured  me,  fait  of  tartar  may  be  raifed. 

And  if  one  of  them  were  not  fo  uncertain,  that  I can  never  promife  be- 
fore-hand that  it  will  fucceed  ; and  the  other  fo  laborious,  difficult 
and  coftly,  that  few  would  attempt,  or  be  able  to  praCtife  it,  I fhould 
think  them  very  valuable;  fince  by  the  former,  moft  part  of  the  fait 
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Physics,  of  tartar  was  quickly  brought  over  in  the  form  of  a liquor,  of  a fcent  in- 
tolerably  piercing  ; and  by  the  latter,  fome  fait  of  tartar  of  my  own,  be- 
ing put  into  a retort,  and  urged  but  with  fuch  a fire,  as  could  be  given  in 
a portable  fand-furnace,  there  remained  not  at  the  bottom  near  one  half  of 
the  firft  weight  ; the  addition  having  carried  up  the  reft,  partly  in  the 
form  of  a liquor,  but  chiefly  in  that  of  a white  fublimate,  which  was  nei- 
ther ill-fcented,  corrofive  in  tafte,  nor  alkalizate,  but  very  mild,  and 
fomewhat  fweetifh.  And  I doubt  not  that  by  other  ways,  the  fixed  al- 
kali of  tartar  may  be  elevated,  efpecially  if,  before  it  is  expofed  to  the 
laft  operation  of  the  fire,  it  be  dextroufly  freed  from  the  moft  of  thofe  earthy 
and  vifcous  parts,  which,  I think,  may  be  juftly  fufpedted  to  clog  and  bind 
fuch  as  are  truly  faline.  I fhall  only  farther  intimate,  that  even  the 
fpurious  Sal  Tartaric  volatilized  with  fpirit  of  vinegar,  may,  if  well  pre- 
pared, make  amends  for  its  empyreumatical  fmell  and  taft  ; and  in  fe- 
veral  cafes,  be  of  no  defpicable  ule,  both  as  a medicine  and  a men- 
ftruum. 

Repeated fub-  There  is  a phenomenon,  which  may  much  furprize,  and  fometimes 

limations  do  difappoint  thofe  who  deal  in  fublimations,  unlels  they  are  fore-warned  of 
7rlafeTheSin~  it-  For  tho*  it  be  taken  for  granted,  that  by  carefully  mixing  what  is 
\uaitityofthe  fublimed,  with  what  remains,  and  re-fubliming  the  mixture;  a grea- 
fublimate.  ter  quantity  of  the  body  to  be  fublimed  may  be  elevated  the  fe- 
cond  time,  than  was  the  firft  ; and  the  third  time  than  the  lecond, 
and  fo  on ; yet  I have  not  found  this  rule  always  to  hold  true  ; but 
in  fome  bodies,  as  particularly  in  fome  kinds  of  dulcified  colcothar, 
the  fal-armoniac  would,  at  the  firft  fublimation,  carry  up  more  of  the 
fixed  powder,  than  at  the  fecond  or  third.  So  that  I was,  by  feve- 
ral  trials,  perfuaded,  when  I found  a very  well  and  highly  colour- 
ed powder  elevated,  to  lay  it  by  for  ufe,  and  thereby  fave  myfelf 
the  labour  of  a profecution,  which  would  not  only  have  proved  ufe- 
lefs,  but  prejudicial.  And  by  often  returning  fal-armoniac  upon  crude 
antimony,  though  the  fublimate,  obtained  by  the  firft  operation,  was, 
much  of  it,  varioufly  coloured  ; yet,  afterwards,  the  fait  afcended, 
from  time  to  time,  gradually  paler,  leaving  the  antimony  behind  it : 
which  way  of  making  minerals  more  fixed  and  fufible,  I conceive  may  be  of 
great  ufe  in  fome  medicinal  preparations.  But  I chiefly  intend  here  to 
confider,  whether  the  prefent  phenomenon  may  be  afcribed  to  the  repeat- 
ed a&ion  of  the  fire,  grinding  together  the  bodies  to  be  raifed  ; whence 
either  the  corpufcles  of  the  fal-armoniac,  or  of  the  other  body,  may 
have  thofe  little  hooked,  or  equivalent  particles,  whereby  they  take  hold 
of  one  another,  broken  or  worn  off ; and  whether  the  indifpofition  of 
the  colcotharine  or  antimonial  parts  to  afcend,  may  not  in  fome  cafes 
be  promoted  by  their  having,  from  frequent  attritions,  fo  fmoothed  their 
furfaces,  that  feveral  of  them  may  clofely  adhere  like  pieces  of  poli- 
flied  glafs,  and  fo  make  up  clufters  too  unwieldly  to  be  raifed, 
as  the  Angle  corpufcles  they  confift  of  were ; which  change  may  difpofe 
them  to  be,  at  once,  lefs  volatile,  and  more  fufible.  And  here  it  maybe 

fer- 
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ferviceable  to  obferve,  that  fublimations  are  applicable  to  make  very  fine  Physics. 
comminutions  of  feveral  bodies.  That  thofe  which  are  elevated  are  re- 
duced  to  a great  finenels  of  parts,  is  obvious  in  many  examples,  whence 
it  has  been  anciently  faid,  that  fublimations  are  thechymift’s  peftles  ; fince 
they  really  refolve  the  elevated  bodies,  into  exceeding  fine  flower,  and 
much  finer  than  the  peftle  and  mortar  can  reduce  them.  But  what  I 
intend  is,  that  fometimes,  even  bodies  fo  fixed,  as  not  at  all  to  afcend  in 
fublimation,  may  yet  be  reduced,  by  that  operation,  into  powders  extreme- 
ly fine.  For  tho*  chymifts  complain  much  of  the  difficulty  of  making  a 
good  calx  of  gold,  and  of  the  imperfefrion  of  the  few  ordinary  procefies, 
prefcribed  to  make  it  *,  yet,  we  have  found,  upon  trial,  that  by  exactly 
grinding  a thick  amalgam  of  gold  and  mercury,  with  a competent  weight 
of  finely  powdered  fulphur,  we  may,  upon  putting  the  mixture  to  fublime 
in  a conveniently-fhaped  glafs,  by  degrees  of  fire,  obtain  a cinnabar, 
which  will  leave  behind  it  a finer  calx  of  gold,  than  can  be  had  from  fome 
far  more  difficult  procefles. 

To  proceed  to  our  fourth  way.  Volatility  depends  fo  much  upon  the  con-  The  fourth 
texture  of  the  corpufcles,  which  are  to  be  raifed  together,  that  even  very 
ponderous  bodies  may  ferve  for  volatilizing  ingredients,  if  they  be  difpofed  iTtyfn^bJ-' 
to  fatten  themfelves  fufficiently  to  the  bodies  they  are  to  carry  up  along  dies. 
with  them.  For  quick-filver,  being  united  by  amalgamation  with  a fmall 
proportion  of  lead,  will,  by  a moderate  fire,  and  in  clofe  vettels,  be 

made  to  carry  over  with  it  fome  of  the  lead ; as  we  have  found  by 

the  increafed  weight  of  the  quick-filver,  that  patted  into  the  receiver  : 
which,  by  the  way,  may  make  us  cautious,  how  we  conclude  quick- 
filver  to  be  pure,  merely  from  its  having  been  dittilled.  There  re- 
mains but  one  body  more  heavy  than  thofe  we  have  mentioned,  and 
that  is  gold  ; which  being  of  a furprizing  fixity,  I do  not  wonder  that 
the  wary  naturalifts,  and  the  more  fevere  among  the  chymifts,  fhould 
think  it  incapable  of  being  volatilized.  Yet  if  we  confider,  how  very 
minute  parts  gold  may  be  rationally  fuppofed  to  confift  of,  and  to 
be  divifible  into  ; methinks  it  fhould  not  feem  impottible,  that  if  we 

could  light  on  volatile  falts,  of  figures  fit  to  flick  faft  to  the  corpuf- 

cles of  the  gold,  they  would  carry  up  with  them  particles,  whofe  foli- 
dity  can  fcarce  be  more  extraordinary  than  their  minutenefs : and  in  effiedl, 
we  have  made  more  than  one  menftruum,  with  which  fome  particles  of 
gold  may  be  carried  up.  But  when  I employed  my  Menftruum  peracutum , 

(which  confifts  of  fpirit  of  nitre,  feveral  times  drawn  from  butter  of  anti- 
mony,) I was  able,  without  a very  violent  fire,  and  in  a few  hours,  to  ele- 
vate fo  much  crude  gold,  as,  in  the  neck  of  the  retort,  afforded  me  a con- 
fiderable  quantity  of  fublimate  *,  which  I have  had,  red  as  blood  : and  that 
it  confided  partly  of  gold,  manifeftly  appeared  by  this,  that  I was  able, 
with  eafe,  to  reduce  that  metal  out  of  it. 

But  in  reckoning  up  the  inftruments  of  volatilization,  we  mutt:  not  omit 
to  mention  the  air ; which  I have  often  obferved  to  facilitate  the  eleva- 
Vol.  I.  C c c tion 
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Physics,  tion  of  fome  bodies,  even  in  clofe  vefiels.  And,  though  to  fill  thefe 
‘"V— high,  be  judged,  by  many,  a fhort  method,  becaufe  the  fleams  have 
then  a lefs  way  to  afcend ; yet  frequent  experience  has  informed  me, 
that,  at  leaft  in  fome  cafes,  they  take  wrong  meafures,  and  that  a large 
proportion  of  air,  purpofely  left  in  the  vefiels,  may  more  than  make  a- 
mends  for  the  greater  fpace,  that  is  to  be  afcended  by  the  vapours  or  ex- 
halations of  the  matter  to  be  diftilled  or  fublimed.  And  if,  in  clofe  vef- 
fels,  the  prefence  of  the  air  may  promote  the  afcent  of  bodies  *,  it  may  well 
be  expected,  that  the  elevation  of  feveral  of  them  may  be  furthered  by  be- 
ing attempted  in  open  vefiels,  to  which  the  air  hath  free  accefs.  And  if 
we  may  credit  the  probable  relations  of  fome  chymifts,  the  air  much  con- 
tributes to  the  volatilization  of  particular  bodies,  which  are  barely  expofed 
to  it.  But  the  account  on  which  the  air,  by  its  bare  prefence,  or  peculiar 
operations  conduceth  to  the  volatilization  of  fome  bodies,  is  a thing  very 
difficult  to  be  determined,  without  a due  regard  to  gravity,  levity,  and  the 
conftitution  of  the  corpufcles  that  compofe  the  air,  which  I take  to  be  very 
numerous,  and  various. 

I have  hitherto  generally  confidered  the  fmall  portions  of  matter,  to  be 
elevated  in  volatilization,  as  intire  corpufcles  ; but  there  may  alfo  happen 
cafes,  wherein  a kind  of  improper  volatilization  is  effedted,  by  making 
ufe  of  fuch  additions,  as  break  off*,  or  otherwife  divide  the  particles 
of  the  corpufcles  to  be  elevated  ; and,  by  adhering  to,  and  fo  clogging 
one  of  the  particles,  to  which  it  proves  more  fit,  enable  the  other, 
which  is  now  brought  to  be  more  light,  or  difengaged,  to  afcend.  Thus, 
when  fal-armoniac  is  well  ground  with  Lapis  Calaminaris , or  with  fome 
fixed  alkali,  and  committed  to  diftillation  ; the  fea-falt,  which  enters 
the  composition  of  the  fal-armoniac,  being  detained  by  the  ftone,  or 
the  alkali,  there  is  a divorce  made  between  the  common  fait,  and  the 
urinous,  and  fuliginous  falts,  that  were  incorporated  with  it * and  be- 
ing no v/  difengaged  from  it,  are  eafily  elevated.  And  I have  obferved, 
in  human  urine,  a kind  of  native  fal-armoniac,  much  lefs  volatile 
than  that  fublimed  from  human  blood,  harts-horn,  &c  : and  therefore,, 
fuppofing  a feparation  of  parts  may  be  made  by  an  alkali,  as  well  in 
this  fait,  as  in  the  common  fa&itious  fal-armoniac,  I put  to  frefh  urine 
a convenient  proportion  of  the  fait  of  pot-afhes  ; and  diftilling  the 
liquor,  it  yielded  a fpirit  more  volatile  than  the  phlegm  ; and  of  a very 
piercing  taft : which  way  of  obtaining  a fpirit,  without  any  violence 
of  fire,  and  without  either  previouffy  abftradting  the  phlegm,  or  wait^ 
ing  for  the  fermentation  of  ftale  urine,  I taught  fome  chymifts,  becaufe 
of  the  ufefulnefs  of  fpirit  of  urine,  which  being  obtained  by  this  inno- 
cent way,  might,  probably,  be  employed,  with  much  lefs  fufpicion  of 
corrofivenefs,  than  if  quick-lime  had  been  ufed  in  the  operation.  And 
in  making  fpirit  of  nitre,  by  mixing  falt-petre  with  oil  of  vitriol,  and 
diftilling  them  together  ; the  oil  fo  divides  or  breaks  the  corpufcles  of 
the  nitre,  that  the  new-difpofed  particles  of  that  fait,  which  amount  to 
a great  portion  of  the  whole,  will  be  made  eafily  to  afcend,.  even  with 
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a moderate  fand-heat,  and  fometimes  without  any  fire  at  all,  in  the  form  Physics. 
of  a fpirit  exceeding  fubtile,  and  volatile. 

The  laft  means  of  volatilizing  bodies,  is,  the  operation  of  the  fire,  72*  fifth  way 
or  fome  other  actual  heat.  But  of  this,  which  is  fo  obvious,  it  were  °{ r String 
needlefs  to  difeourfe.  I ftiall  only  intimate,  that  there  may  be  bodies* ^ea 
which,  in  fuch  degrees  of  fire,  as  are  ufually  given  in  the  vulgar 
chymical  operations,  will  not  rife,  may  yet  be  forced  up  by  fuch 
violent  and  lafting  fires,  as  are  employed  by  the  melters  of  ores,  and 
founders  of  guns,  and  fometimes  by  glafs-makers.  And  indeed,  tho* 

I here  confider  volatility  and  fixednefs  in  the  popular  fenfe  of  thofe 
terms  *,  yet  if  we  would  view  the  matter  more  ftri<5tly,  I prefume,  we 
fhould  find,  that  they  are  but  relative  qualities,  and  to  be  eftimated,  efpe- 
cially  the  former,  by  the  degree  of  fire,  to  which  the  body,  whereto 
we  aferibe  one  or  other  of  thefe  qualities,  is  expofed  ; and  therefore 
it  is  much  more  difficult,  than  men  are  aware  of,  to  determine  accu- 
rately, when  a body  ought  to  be  accounted  volatile,  and  when  not  *, 
fince  there  is  no  determinate  degree  of  heat  agreed  on,  nor  indeed  eafy 
to  be  devifed,  for  a ftandard,  whereby  to  meafure  volatility  and  fixed- 
nefs : and  it  is  obvious  that  a body,  which  remains  fixed  in  one  degree 
of  fire,  may  be  forced  up  by  another.  Befides,  a body  may  pafs  for  ab- 
folutely  fixed,  among  the  generality  of  chymifts,  and  yet  be  unable  to  en- 
dure the  fires  of  founders  and  glafs-makers.  Having  notobferved,  that  chy- 
mifts had  examined  the  fixity  of  other  bodies  than  metalline  ones  by  the 
cupel,  I put  dry  fait  of  tartar  upon  it  * and  found,  that  in  no  long  time 
it  manifeftly  wafted  in  fo  vehement  a heat,  whilft  alfo  the  air  came 
freely  at  it.  And  having  well  mixed  one  ounce  of  good  fait  of  tartar 
with  treble  its  weight  of  tobacco-pipe  clay,  we  kept  them  but  for  two 
or  three  hours  in  a ftrong  fire  •,  yet  the  crucible  being  purpofely  left  un- 
covered, we  found  the  fait  fo  wafted,  that  the  remaining  mixture  afforded 
us  not  near  a quarter  of  an  ounce  of  fait.  And  indeed  I fcarce  doubt, 
that  in  ftri&nefs,  feveral  of  thofe  bodies,  which  pafs  for  abfolutely  fix- 
ed, are  but  comparatively  and  relatively  fo  *,  that  is,  in  regard  to  fuch 
degrees  of  fire,  as  they  are  ufually  expofed  to  in  the  diftillations,  fub- 
limations,  &c.  of  chymifts.  And,  perhaps,  even  the  fires  of  founders  and 
glafs-makers,  are  not  the  moft  intenfe,  that  might,  pofiibly,  be  made  in  a 
fhort  time,  provided  only  fmall  portions  of  matter  were  to  be  wrought 
on  by  them.  In  effect,  I know  very  few  bodies,  befides  gold,  that  will 
perfevere  totally  fixed  in  the  moft  vehement  degrees  of  fire  wherewith 
I have  made  experiments.  And  though  tin  is  in  our  chymical  reverbera- 
tories  ufually  reduced  but  into  a calx,  which  is  reputed  very  fixed  •,  yet  in 
thofe  intenfe  fires,  which  an  acquaintance  of  mine  ufes  in  his  tin-works, 
quantities  of  tin  are  often  carried  up  to  a confiderable  height,  in  the  form 
of  a whitifh  powder,  which  being  in  large  mafifes  forced  off  from  the  pla- 
ces, whereto  it  had  faftened  it  felf,  yields,  by  a fkilfiul  reduction,  great 
quantities  of  good  malleable  metal,  that  feems  to  me  rather  more  fine  than 
ordinary  tin. 
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Qualifications  |f  !Mxednefs  being  the  oppofite  quality  to  volatility, 


what  we  have  dif- 
up  the  nature  of  the 


ffodi**  nefStn  F'  courfed  of  the  former,  will  help  to  clear 
latter. 

The  qualifications  moft  conducive  to  render  a portion  of  matter  fixed, 
fee m to  be,  i.  The  groffnefs  or  bulk  of  its  component  parts.  2.  The 
ponderofity  or  folidity  of  them.  3.  And  laftly,  an  indifpofition  of  their 

corpufcles  for  avolation,  arifing  from  the  texture  of  the  body.  And 

from  thefe  caufes  or  requifites  of  firmnefs,  may  be  deduced  the  follow- 
ing means  of  giving  or  adding  fixation  to  a body,  which  was  before  either 
volatile  or  lefs  fixed : and  they  are  reducible  to  two  general  heads  •,  the 
action  of  the  fire,  as  the  parts  of  the  body  expofed  to  it,  are  thereby  made 
to  operate  varioufly  on  one  another  ; and  to  the  afiociation  of  the  particles 
of  a volatile  body,  with  thofe  of  fome  proper  additional  one.  But  thefe 
two  inflruments  of  fixation  being  general,  I fhall  propofe  four  or  five  more 
particular  ones. 

The  firfi  tway  And  firft,  in  fome  cafes,  it  may  conduce  to  fixation,  that,  either  by 
°{ Kodurcin£  an  addition,  or  by  the  operation  of  the  fire,  the  parts  of  a body  be 

means  of  fire  brought  to  touch  each  other  in  large  portions  of  their  fur  faces.  For, 
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or  the  addi- 
tion of  other 
matter. 


that  from  this  contact,  there  muft  follow  fuch  a mutual  cohefion,  as 
at  leaft  indifpofe  the  touching  corpufcles  to  fuffer  a total  divulfion,  may 
appear  from  the  cohefion  of  flat  pieces  of  marble  and  glafs,  and  from 
fome  other  phenomena  belonging  to  the  hiftory  of  firmnefs ; whence  we 
may  properly  borrow  fome  inftances,  for  illuftration,  in  the  dodlrine  of 
fixednefs  ; fince,  ufually,  the  fame  things,  which  make  a body  firm,  give 
it  a degree  of  fixednefs,  in  keeping  it  from  being  diffipated  by  the  ufual 
degrees  of  heat  and  agitation  of  the  air.  Befides  this,  5tis  not  impof- 
fible,  that  the  bare  operation  of  the  fire  may,  in  fome  cafes,  procure 
a cohefion  among  the  particles,  as  well  as  disjoin  them  in  others,  and 
thereby  make  them  more  volatile.  For,  as  in  fome  bodies,  the  adtion 
of  the  fire  may  rub  off  the  little  hooks,  that  entangle  them,  and  make 
it  more  eafy  for  the  corpufcles  to  be  difengaged,  and  fly  upwards  ; in 
others  the  agitation  of  the  fire  may  grind  their  furfaces  fo  fmooth,  as  to 
admit  of  a firm  contadl  and  cohefion.  Thus  in  grinding  glades  for  te- 
lefcopes  and  microfcopes,  the  artificer,  by  long  rubbing  a piece  of  glafs 
againft  a metalline  difh,  brings  the  two  bodies  to  touch  one  another, 
in  fo  many  parts  of  their  furfaces,  that  they  will  moft  firmly  adhere  to 
one  another.  And  if  two  groffer  corpufcles,  or  a greater  number  of 
frnaller  be  thus  brought  to  flick  together,  their  aggregate  will  prove  too 
heavy  to  fly  away.  And  to  fhew  that  the  fire  may  effedl  a levigation  in  the 
furfaces  of  fome  corpufcles,  I have  caufed  Minium , and  other  calces  to  be 
melted  in  a vehement  fire,  whereby  that  which  was  before  a dull  and 
incoherent  powder,  was  reduced  into  much  groffer  corpufcles  \ multitudes 
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of  their  grains  appearing  fmooth,  glittering,  and  almoft  fpecular,  like  Physics. 

thofe  of  fine  litharge  of  gold  : and  the  mattes  which  thefe  grains  com-  — 

pofed,  were  ufually  folid,  and  of  difficult  fulion.  When  we" make  glafs 
of  lead  per  fe , it  is  plain,  that  the  particles  of  the  lead  are  reduced  to  a 
great  fmoothnefs  *,  fince  wherefoever  you  break  the  glafs,  the  furfaces 
produced  will  not  be  jagged,  but  fmooth,  and  confiderably  fpecular.  It 
feems,  alfo,  poffible,  that  even  when  the  fire  doth  not  make  any  great  at- 
trition of  the  particles  of  the  body  to  be  fixed,  it  may  yet  occafion  their 
flicking  together  *,  becaufe  it  may  at  length,  after  multitudes  of  revolu- 
tions, and  occurfions,  bring  thofe  of  their  furfaces  to  join,  which  by  rea- 
fon  of  their  breadth,  fmoothnefs,  or  congruity  of  figure,  are  fit  for  mutu- 
al cohefion ; and  when  once  they  come  to  flick,  there  is  no  neceflity,  that 
the  fame  caufes,  which  were  able  to  make  them  pafs  by  one  another, 
when  their  conta<5l  was  only  in  an  inconfiderable  part  of  their  furfaces, 
ffiould  have  the  fame  effedl  now,  when  their  contaA  is  full ; though  per- 
haps, if  the  degree  of  fire  was  much  increafed,  a more  vehement  agitation 
would  furmount  this  cohefion,  and  diffipate,  again,  thefe  clutters  of  coale- 
fcent  particles. 

Thefe  conjectures  will  appear  the  lefs  extravagant,  if  we  confider 
what  happens  in  quick-filver  made  precipitate  per  fe.  For  here,  running 
mercury  is  expofed  to  a moderate  fire  for  a confiderable  time,  whereby  the 
parts  of  the  mercury  are  varioufiy  agitated,  and  many  of  them  made  to 
afcend  ; till  convening  into  drops  on  the  fides  of  the  glafs,  their  weight 
carries  them  down  again  ; but  at  length  after  many  mutual  occurfions,  and 
perhaps  attritions,  fome  of  the  parts  begin  to  flick  together  in  the  form  of 
a red  powder,  and  then  gradually,  more  and  more,  and  mercurial  particles 
are  there  fattened  together,  till  at  length,  all,  or  by  much  the  greater  part 
of  the  mercury  is  reduced  into  the  like  precipitate  i which,  by  this  co- 
hefion of  parts,  being  grown  more  fixed,  will  not,  with  the  fame  de- 
gree of  heat,  be  made  to  rife  and  circulate,  as  the  mercury  would  be- 
fore \ yet  I have  found  by  trial,  that  with  a greater  and  a competent  de- 
gree of  heat,  this  precipitate  per  fe  would,  without  the  help  of  any  vo- 
latilizing ingredient,  be  eafily  reduced  into  running  mercury  again.  Chy- 
mifts,  who  agree  in  fuppofing  this  precipitate  made  without  any  addi- 
tion, will  fcarce  be  able  to  give  a more  probable  account  of  the  confil- 
tence  obtained  by  the  mercury  *,  wherein,  fince  no  body  is  added  to  it, 
there  appears  to  be  wrought  non*,  but  a mechanical  change.  And  though 
I have  fufpedled,  that  in  philcfophical  ftridlnefs,  this  precipitate  may 
not  be  made  per  fe , but  that  fome  penetrating  particles  of  the  fire,  efpe- 
cially  faline  ones,  may  have  afibciated  themfelves  with  the  mercurial  cor- 
pufcles  ; yet,  even  upon  this  fuppofition,  it  may  be  faid,  that  thefe  parti- 
cles contribute  to  the  effect,  but  by  facilitating  the  mutual  cohefion  of 
corpufcles,  that  would  not  otherwife  flick  to  one  another.  And,  as 
for  the  generality  of  chymitts,  who  afiert  the  tranfmutation  of  all  me- 
tals into  gold,  by  the  philofopher’s  ftone,  they  mutt  grant  it  probable, 
that  a new  and  fit  contexture  of  the  parts  of  a volatile  body,  may  great- 
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Physics,  ly  contribute  to  render  it  highly  fixed.  For,  it  is  averr’d  by  Helmont , 
-v-*— 1 who  pretended  not  to  the  elixir,  that  a grain  of  a powder,  which 
was  given  him,  tranfmuted  a pound  of  running  mercury  ; where  the  pro- 
portion of  the  elixir  to  the  mercury  was  fo  inconfiderable,  that  it  can- 
not reafonably  be  fuppofed,  that  every  corpufcle  of  the  quick-filver, 
which  before  was  volatile,  became  extremely  fixed,  merely  by  its  coa- 
lition with  a particle  of  the  powder  •,  fince,  to  make  one  grain  fuffice  for 
this  coalition,  the  parts  it  muft  be  divided  into,  will  be  fcarce  conceiva- 
bly minute  ; and  therefore  each  fingle  part  was  not  likely  to  be  fixed  it  felf ; 
or  at  lead  it  was  more  likely  to  be  carried  up  by  the  mercury,  than  to  keep 
that  from  flying  away  : whereas,  if  we  fuppofe  the  elixir  to  have  made 
fuch  a commotion  among  the  corpufcles  of  the  mercury,  as  to  bring 
them  to  dick  to  one  another,  it  is  agreeable  to  the  mechanical  dodtrine 
of  fixednefs,  that  the  mercury  fliould  endure  the  fire  as  well  as  gold, 
on  account  of  its  new  texture,  which,  fuppofing  the  dory  true,  appears 
to  have  been  introduced,  by  the  new  colour,  fpecific  gravity,  indiffolubili- 
ty  in  Aqua  fortis , and  other  qualities,  wherein  gold  differs  from  mercury  ; 
but  efpecially  malleablenefs,  which  ufually  requires,  that  the  parts,  from 
the  union  whereof  it  refults,  be  either  hooked,  branched,  or  otherwife  a- 
dapted  and  fitted  to  make  them  take  fad  hold  of,  or  dick  clofe  to  one 
another.  And  lince  in  the  whole  mafs  of  the  factitious  gold,  all,  except 
one  grain,  mud  be  materially  the  fame  body,  which,  before  theprojedtion, 
was  quick-filver  ; we  fee,  how  great  a proportion  of  volatile  matter  may, 
by  an  inconfiderable  quantity  of  addition,  acquire  fuch  a new  difpofi- 
tion  of  its  parts,  as  to  become  mod  fixed.  However,  this  indance  agrees 
much  better  with  the  mechanical  dodtrine,  than  with  this  vulgar  opinion 
of  the  chymids,  that,  if  in  a mixture,  the  volatile  part  much  exceeds  the 
fixed,  it  will  carry  up  this  with  it,  and  on  the  contrary.  But  though  the 
rule  holds  in  many  cafes,  where  there  is  no  peculiar  indifpofition  to  the 
effedt  that  is  aimed  at  *,  yet,  if  the  mechanical  affedlions  of  the  bodies  be 
ill  fuited  to  fuch  a purpofe,  our  philofophical  experiment  manifedly  proves, 
that  the  rule  is  falfe  •,  fince  fo  great  a multitude  of  grains  of  mercury,  in- 
dead of  carrying  up  with  them  one  grain  of  the  elixir,  are  detained  by  it  in 
the  dronged  fire. 

AfecGnd'way  The  fecond  way  of  producing  fixednefs,  is  by  expelling,  breaking,  or 
/ Ziii^tbT  otherwife  difabling  thofe  volatile  corpufcles,  which  are  too  indifpofed  to 
‘volatile  par-  be  fixed  themfelves  *,  or  are  fitted  to  carry  up  with  them  fuch  particles 
tides . as  would  not,  without  their  help,  afcend.  That  the  expulfion  of  fuch  parts 

is  a proper  means  to  make  the  aggregate  of  thofe,  which  remain,  more  fixed, 
will  not  want  proof,  if  weconfider  the  indance  ol  it  in  foot  •,  where,  though 
many  adtive  parts  were,  by  the  violence  of  the  fire,  and  the  current  of  the 
air,  carried  up  together  by  the  more  volatile  parts  *,  yet  when  the  foot  is 
well  diddl’d,  in  a retort,  a competent  time  being  allow’d  for  the  extrication 
and  avolation  of  the  other  parts,  there  will,  at  the  bottom,  remain  a fub- 
dance,  which  will  not  now  fly  away,  as  before.  And  here  let  me  obferve, 
that  the  recefs  of  the  fugitive  corpufcles  may  contribute  to  the  fixation 
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of  a body,  not  barely  becaufe  the  remaining  matter  is  freed  from  fo  ma-  Physics. 

ny  volatilizing  parts,  but  becaufe  upon  their  abfence,  the  pores  or  inter-  — -J 

vals,  they  leave  behind,  are  filled  up  with  more  fol id  or  heavy  matter ; 
and  the  body  becomes  more  homogeneous,  clofe  and  compact.  And,  be- 
fides  the  expulfion  of  unfit  corpufcles,  which  may  be  otherwife  difabled 
from  hindering  the  fixation  of  the  mafs  they  belong  to  ; it  feems  very  pofli- 
ble,  that  in  fome  cafes  they  may,  by  the  a&ion  of  the  fire,  be  fo  broken, 
as  with  their  fragments  to  fill  up  the  pores  or  intervals  of  the  body  they 
appertain’d  to  ; or  may  make  fuch  coalitions  with  the  particles  of  a conve- 
nient addition,  as  to  be  no  impediment  to  the  fixity  of  the  whole  mafs, 
though  they  remain  in  it. 

The  third  means  of  fixing  bodies,  is,  by  preferving  that  reft  among  the  A third 
parts,  whofe  contrary  is  neceflfary  to  their  volatilization.  And  this  may  be  hJfcuring 
done  by  preventing  or  checking  that  heat,  or  other  motion,  which  external 
agents  drive  to  introduce  into  the  propofed  body.  But  this  tending  rather 
to  hinder  the  a<5lual  avolation  of  a portion  of  matter,  or,  at  moft,  to  pro- 
cure a temporary  abatement  of  its  volatility,  than  to  give  it  a liable  fixity, 

I fhall  not  any  longer  infill  on  it. 

The  fourth  way  of  producing  fixednefs  in  a body,  is,  by  putting  to  it  A fourth  way, 
fuch  an  appropriated  addition,  whether  fixed  or  volatile,  that  the  corpuf-  h complica- 
cies of  the  body  may  be  put  among  themfelves,  or  with  thofe  of  the  ad-  tin&  the Partu 
ded  ingredient  into  a complicated  Hate.  This  being  the  ufual  and  prin- 
cipal way  of  producing  fixity,  we  fhall  dwell  the  longer  upon  it,  and  give 
inllances  of  feveral  degrees  of  fixation.  And  firft  we  find,  that  a fixed 
addition  may  eafily  give  a degree  of  fixity  to  a very  volatile  body.  Thus 
fpiritof  nitre,  which  will,  of  it  felf,  eafily  fly  away  in  the  air,  having  its 
faline  particles  aflfociated  with  thofe  of  fixed  nitre,  or  fait  of  tartar,  will, 
with  the  alkali,  compofe  a fait  of  a nitrous  nature,  capable  of  being 
melted  in  a crucible,  without  lofs  of  its  fpirit.  And  I have  found  that 
the  fpirit  of  nitre,  which  abounds  in  Aqua  fort  is,  being  coagulated  with 
the  filver,  they  corrode,  and  the  cryftals  produced  by  their  coalition,  be- 
ing put  into  a retort,  may  be  kept  for  fome  time  in  fufion,  before  the 
metal  will  let  go  the  nitrous  fpirit.  When  we  poured  oil  of  vitriol 
upon  the  calx  of  vitriol,  though  many  particles  were  driven  away  by  the 
excited  heat  j yet  the  faline  parts,  which  combined  with  the  fixed  ones  of 
the  colcothar,  ftuck  fall  to  them.  And  if  oil  of  vitriol  be,  in  a due  pro- 
portion, dropp’d  upon  fait  of  tartar,  there  refults  a Tartarum  Vitriolatum , 
wherein  the  acid  and  alkaline  parts  cohere  fo  ftrongly,  that  it  is  not 
an  ordinary  degree  of  fire  that  can  disjoin  them  ; whence  feveral  chy- 
mifts  have  thought  this  compound  fait  to  be  indeftrudlible.  But  a lels 
heavy  liquor  than  the  oil  of  vitriol,  may,  by  an  alkali,  be  more  ftrongly 
detained,  than  that  oil  it  felf  *,  for  experience  has  aflured  me,  that  fpirit 
of  fait,  being  dropp’d,  to  fatiety,  upon  a fixed  alkali,  there  will  be  made 
fo  drift  an  union,  that  a ftrong  and  lading  fire  cannot  fo  much  as  melt  the 
mixture. 
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But  it  is  not  the  bare  mixture  of  volatile  particles  with  fixed  ones, 
that  will  fuffice  to  elevate  the  latter.  For  unlefs  the  figures  of  the  lat- 
ter be  correfpondent,  and  fitted  to  fallen  to  the  other,  the  volatile  parts 
will  fly  away  in  the  heat,  and  leave  the  reft  as  fixed  as  before.  Thus, 
when  land  or  allies  are  wetted  with  water,  they  quickly  part  with  that 
water,  without  parting  with  any  degree  of  their  fixity.  On  the  other 
fide,  it  is  not  always  neceflary,  that  the  body,  which  is  fitted  to  deftroy, 
or  greatly  abate  the  volatility  of  another,  fhould  be  it  felf  fixed.  For,  if 
there  be  a Ikilful  coaptation  of  the  figures  of  the  particles  of  both  the 
bodies,  thefe  particles  may  take  fuch  hold  of  one  another,  as  to  compofe 
corpufcles,  which  will  neither,  by  reafon  of  their  ftri<ft  union,  be  divided 
by  heat,  nor  by  reafon  of  their  refulting  groflnefs  be  elevated  even  by  a 
ftrong  fire,  or  at  leaft  by  fuch  a degree  of  heat,  as  would  have  lufficed 
to  raife  more  indifpofed  bodies,  than  either  of  the  feparate  ingredients. 
In  preparing  the  Bezoardicum  Miner  ale  \ though  the  rectified  butter  or  oil 
of  antimony,  and  the  fpirit  of  nitre,  here  put  together,  are  both  diftilled 
liquors,  yet  the  powder,  which  refults  from  their  union,  is  fo  far  fixed, 
that  after  ’tis  edulcorated  with  water,  kis  calcined  for  five  or  fix  hours  ; 
which  operation  it  could  not  bear,  unlefs  it  had  attained  to  a confidera- 
ble  degree  of  fixation.  I here  fuppofe,  with  the  generality  -of  chy mills, 
that  the  addition  of  a due  quantity  of  fpirit  of  nitre  is  neceflary  to  be 
employed  in  making  the  Bezoardicum  Minerale.  But  if  it  be  a true  obfer- 
vation,  which  is  attributed  to  Bi lli chins , that  a Bezoardicum  Minerale  may 
be  obtained  without  fpirit  of  nitre,  barely  by  a flow  evaporation,  (made 
in  a glafs  difh,)  of  the  more  fugitive  parts  of  the  oil  of  antimony  ; the  in- 
ftance  will  not,  indeed,  be  proper  in  this  place  •,  but  it  belongs,  however, 
to  the  fecond  way  of  introducing  fixity.  Again,  if  you  take  ftrong  fpirit  of 
fait,  and  latiate  it  with  the  volatile  fpirit  of  urine  •,  the  fuperfluous  moif- 
ture  being  abftradled,  you  will  obtain  a compound  fait,  fcarce,  if  at  all, 
diftinguifhable  from  fal-armoniac  •,  and  which  will  not,  as  the  falts  it  con- 
fifts  of,  before  their  coalition,  eafily  fly  up  into  the  air,  but  require  a con- 
fiderable  degree  of  fire  to  lublime  it. 

I lately  mentioned,  that  the  volatility  of  the  fpirit  of  nitre  may  be  much 
abated  by  coagulating  it  into  cryftals,  with  particles  of  corroded  filver  j I 
fhall  now  add,  that  fuch  nitrous  fpirits  may  be  made  much  more  fixed  by 
the  addition  of  the  fpirit  of  lalt,  which,  if  it  be  good,  will,  of  it  felf, 
fume  in  the  air.  For  having  diflolved  a convenient  quantity  of  cryftals  of 
filver,  in  diftilled  water,  and  precipitated  them,  not  with  a folution  of  fait, 
but  the  fpirit  of  fait,  the  phlegm  being  abftradted,  and  fome  few  of  the 
loofer  faline  particles  \ though  the  remaining  mafs  was  urged  with  a violent 
fire,  which  kept  the  retort  red-hot  for  a confiderable  time  ; yet  the  nitrous 
and  laline  lpirits  were  not  at  all  driven  away  from  the  filver,  but  continued 
in  fufion  with  it } and  when  the  mafs  was  taken  out,  thefe  fpirits  fo  abound- 
ed in  it,  that  it  had  no  appearance  of  a metal,  but  looked  rather  like  a 
thick  piece  of  horn. 


The 
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The  next  inftance  is  afforded  us  by  that  kind  of  turbith,  which  may  Physics 
be  made  by  oil  of  vitriol  inftead  of  the  Aqua  forth  employ’d  in  the  com- 
mon  Turpelhum  miner  ale.  For  tho*  oil  of  vitriol  be  a diftilled  liquor, 
and  mercury  a volatile  body  *,  yet  when  we  abftra&ed  four  or  five  parts 
of  oil  of  vitriol  from  one  of  quick-filver,  and  then  walked  off  as  much 
as  we  could  of  the  faline  particles  of  the  oil  of  vitriol,  thofe  which 
remained,  adhering  to  the  mercury,  rendered  it  far  more  fixed,  than  ei- 
ther of  the  liquors  had  been  *,  and  enabled  it,  even  in  a crucible,  to  en- 
dure a furprizing  degree  of  fire,  before  it  could  be  driven  away.  The 
like  turbith  may  be  made  with  the  oil  of  fulphur  per  camp  an  am.  But  this 
is  nothing,  to  what  Helmont  tells  us  of  the  operation  of  his  alkaheft  ♦, 
where  he  affirms,  that  this  menftruum  which  is  volatile,  being  abftrac- 
ted  from  running  mercury,  not  only  coagulated  it,  but  left  it  fo  fixed,  as 
to  endure  fires  excited  by  the  utmoft  force  of  bellows.  If  this  be  certain, 
it  will  not  be  a flender  proof,  that  fixity  may  be  mechanically  produced  *, 
for  if  there  remain  fome  particles  of  the  menftruum  with  thofe  of  the 
metal,  it  will  not  be  denied,  that  two  volatile  fubftances  may  perfectly 
fix  one  another.  And  even  this  will  appear  lefs  improbable  from 
fome  farther  inftances.  Having  put  a mixture,  made  of  a certain 
proportion  of  two  dry  volatile  bodies,  (viz.  fal-armoniac,  and  very  fine 
powder  of  fulphur,)  to  half  its  weight  of  common  running  mercury,  and 
elevated  this  mixture  three  or  four  times  from  it,  the  mercury,  which 
lay  at  the  bottom,  in  the  form  of  a ponderous,  purplifh  powder,  was, 
by  this  operation,  fo  fixed,  that  it  long  fcndured  a ftrong  fire,  which,  at 
length  melted  the  glafs,  and  kept  it  fo,  without  forcing  up  the  mercury ; 
which,  by  the  way,  as  we  found  upon  fome  trials,  feemed  to  have  its 
falivating,  and  emetic  powers  greatly  infringed,  and  fometimes  quite 
fuppreffed.  In  the  remaining  inftances,  I fhall  employ  only  one  menftruum, 
oil  of  vitriol,  and  fhew  the  efficacy  of  it,  in  fixing  fome  parts  of  volatile 
bodies,  with  fome  parts  of  itfelf ; by  which  examples  it  will  appear,  that 
a volatile  body  may  not  only  leffen  the  volatility  of  another  body  ; but 
that  two  fubftances,  which  apart  were  volatile,  may  compofe  a third, 
which  will  be  lefs  volatile,  and  even  confiderably  fixed.  We  mixed, 
by  degrees,  about  equal  parts  of  oil  of  vitriol,  and  oil  of  turpentine ; 
and  though  each  of  them  fingle,  efpecially  the  latter,  will  afeend  with 
a moderate  fire,  in  a fand-furnace  ; yet  after  a diftillation,  we  had  a confi- 
derable  quantity,  fometimes  a fifth  or  fixth  part  of  a coal-black  Caput 
mortuum , able  to  endure  the  fire.  And  to  give  a higher  proof  of  the 
difpofition,  which  oil  of  vitriol  hath,  to  let  lome  of  its  parts  grow  fixed, 
by  combination  with  thofe  of  an  exceeding  volatile  liquor,  I mixed  it 
with  an  equal  or  double  weight  of  highly  rectified  fpirit  of  wine,  and 
found,  that  the  fluid  parts  of  the  mixture  being  totally  abftra&ed,  there 
would  remain  a confiderable  quantity  of  black  fubftance,  fixed  to  ad- 
miration. And  becaufe  camphire  is  efteemed  the  moft  fugitive  of  con- 
fident bodies,  fince  being  but  laid  in  the  free  air,  without  any  help 
of  the  fire,  it  will  wholly  vanifh  ; I tried  what  oil  of  vitriol,  abfhnfted 
Vo l.  I,  1)  d d from 
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from  camphire  would  do,  and  found  at  the  bottom  of  the  retort 
greater  quantity,  than  one  would  expert,  of  a fubftance,  black  as  pitch 
and  wanting  almoft  as  much  of  the  volatility,  as  of  the  colour  of  camph  re 

though  it  appeared  not,  that  any  of  the  gum  had  fublimed  into  the  neck 
of  the  retort. 

From  all  thefe  inftances  it  manifeftly  follows,  that,  in  many  cafes 
there  needs  nothing  to  make  affociated  particles,  whether  volatile  or 
not,  become  fixed  ; but  either  to  interweave  or  intangle  them  amono- 
themfelves,  or  bring  them  to  touch  one  another  in  large  portions  of  their 
furfaces,  or  by  both  thefe  ways  together,  or  by  fome  others,  to  procure 
a firm  cohefion  of  fo  many  particles,  that  the  refulting  corpufcles  fhall 
prove  too  big  or  heavy  to  be  driven  up  into  the  air,  by  that  degree  of 
fire,  wherein  they  are  faid  to  be  fixed  *. 


* Sir  Ifaac  Newton,  whofe  words  we  can  ne- 
ver ufe  too  much,  infiruds  us,  alfo,  in  the  nature 
of  fixednefs  and  volatility.  “ The  particles  of 
“ fluids,  (fays  that  great  philofopher,)  which  do 
“ not  cohere  too  ftrongly,and  are  of  fuch  afrnall- 
“ nefs,  as  renders  them  moft  fufceptible  of  thofe 
“ agitations,  which  keep  liquors  in  a fluor,  are 
“ moft  eafily  feparatedand  rarified  into  vapour; 
“ and  in.  the  language  of  thechymifts  they  are 
“ volatile,  rarifyirg  with  an  eafy  heat,  and  con- 
“ denfing  with  cold.  But  thofe  which  are  grof- 
“ fer,  and  fo  Ids  fufceptibleof  agitation,  orco- 
“ here  by  ftronger  attractions,  are  not  feparated 
“ without  a ftronger  heat,  or  perhaps  not  without 
“ fermentation.  And  thefe  laft  are  the  bodies 
“ which  chymifts  cal!  fixed ; and  being  rarified  by 
“ fermentation, become  truepermanent  air: thofe 
“ particles  receding  from  one  another,  with  the 
“ greateft  force ; and  being  moft  difficultly 
“ brought  together,  which  upon  contad  cohere 
" moft  ltrongly.  And  becaufe  the  particles  of 
" permanent  air  aregroffer,  and  arife  fromden- 
fer  fubftances  than  thofe  of  vapours ; thence  it 
<f  is  that  true  air  is  more  ponderous  than  vapour 
“ and  that  a moift  atmofphere  is  lighter  than  a dry 
“ one>  quantity  for  quantity.”  Newton.  Optic,  p 
37 1 '372-  Hence  eafily  arifes  a rational  account 
of  thofe  two  chymical  operations,  diftillationand 
lublimation, which  Sir  JfaacNewton  thus  delivers 
4<  When  oil  of  vitriol  is  mixed  with  a little  wa- 
“ ter’  or  isrun  ‘per  deliquium,  and,  in  diftillation, 
l{  the  water  aicends  difficultly,  and  brings  over 
with  it  fome  part  of  the  oil  of  vitriol,  in  the 
form  of  fpirit  of  vitriol;  and  this  fpirit  being, 
“poured  upon  iron,  copper,  or  fait  of  tartar,  u- 
nites  with  the,  body,  and  lets  go  the  water  ; 
doth  not  this  fhew  that  the  acid  fpirit  is  at 
traded  by  the  water,  and  more  attraded  by 
the  fixed  body  than  by  the  water,  and  there- 
“ fore  lets  go  the  water  to  clofe  with  the  fixed 
" body  ? And  is  it  not  for  the  fatne  reafon  that 


“ the  water  and  acid  fpirits,  which  are  mixed 
“together  in  vinegar.  Aquafortis , andfpiritof 
“ fait,  cohere  and  rife  together  in  diftillation; 
“ but  if  the  menliruum  be  poured  upon  fait  of 
“ tartar,  or  on  lead,  or  iron,  or  any  fix’d  bo- 
“ dy  which  it  can  difiolve,  the  acid  by  a 
“ ftronger  attradion  adheres  to  the  body  and 
“ Iets  go  the  water  ? And  is  it  not  alfo  from  a 
“ mutual  attradion,  that  the  fpirits  of  foot  and 
“ fea-falt  unite  and  compofe  the  particles  of  fal- 
“ armoniac,  which  are  lefs  volatile  than  before, 
“ becaufe  groffer  and  freer  from  water;  and  that 
the  particles  of  fal-armoniac,  in  fublimation, 
carry  up  the  particles  of  antimony,  which  will 
not  fublime  alone ; and  that  the  particles  of 
“ mercury  uniting  with  the  particles  of  acid  fpi- 
“ rit  of  fait,  compofe  mercury  fublimate,and  with 
the  particles  of  fulphur  compofe  cinnabar  ; 
“ and  that  the  particles  of  fpirit  of  wine  and 
“ fpirit  of  urine,  wellredified,  unite, and  letting 
go  the  water  that  diftolv’d  them, compofe  a con- 
“ fiftent  body  ; and  that  in  fubliming  cinnabar 
‘ from  fait  of  tartar,  or  from  quick-lime,  the  ful- 
‘ phur,  by  aftrong  attradion  of  the  fait  or  lime, 

‘ lets  go  the  mercury,  and  ftays  with  the  fixed 
“ body;  and  that  when  mercury  fublimate  isfub- 
*'*  limed  from  antimony,  or  from  regulus  of 
antimony,  the  fpirit  of  fait  lets  go  the  mercu- 
ry,  and  unites  with  the  antimonial  metal, 
,c  which  attrads  it  more  ftrongly,  and  ftays  with 
“ it  till  the  heat  be  great  enough  to  make  them. 
“ both  afeend  together,  and  then  carries  up  the 
‘ ‘ metal  with  it  in  the  form  of  a very  fufible  fait, 
<f  called  butter  of  antimony,  though  the  fpirit 
“ of  fait  alone  be  almoft  as  volatile  as  water, 

‘ and  the  antimony  alone  as  fix’d  as  lead  ? 

“ When  arfenic  with  foap  gives  a Regulus , and 
“ with  mercury  fublimate,  a volatile  fufible  fait, 
“ like  butter  of  antimony,  doth  not  this  fhew 
“ that  arfenic,  which  is  a fubftance  totally  vo- 
“ Llatile,  is  compounded  of  fix’d  and  volatile 
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u parts,  ftrongly  cohering  by  a mutual  attrac- 
**  tion,  fo  that  the  volatile  will  not  afcend  with- 
out  carrying  up  the  fixed  ? And  fo  when  an 
“equal  weight  of  fpirit  of  wine,  and  oil  of 
“ vitriol  are  digefted  together,  and  in  diftil- 
“ lation  yield  two  fragrant  and  volatile  fpirits, 
“ which  will  not  mix  with  one  another,  and 
“ a fixed  black  earth  remains  behind  ; doth 
“ not  this  lhew  that  the  oil  of  vitriol  is  com- 
“ pos’d  of  fix’d  and  volatile  parts  ftrongly  united 
“ by  attraction,  fo  as  to  afcend  together  in  the 
“ form  of  a volatile  and  fluid  fait,  till  the  fpirit 
“ of  wine  attracts  and  feparates  the  volatile 
“ parts  from  the  fixed  ? And  therefore,  fince 
oil  of  fulphur  per  campanam  is  of  the  fame 
“ nature  with  oil  of  vitriol,  may  it  not  be  in- 
ferred, thatfulphur  is  alfo  a mixture  of  vo- 
“ latile  and  fixed  parts,  fo  ftrongly  cohering  by 
“ attraction,  as  to  afcend  together  in  fublima- 
“ tion  ? By  diflolving  flower  of  fulphur,  in  oil 
“ of  turpentine,  and  diftiliing  the  folution,  ’tis 
**  found,  that  fulphur  is  compofed  of  an  inflam- 
“ mable  thick  oil  or  fat  bitumen,  an  acid  fait,  a 
“ very  fixed  earth,  and  a little  metal.  The  three 
“ firft  were  found  not  much  unequal  to  oneano- 
**  ther,  the  fourth  in  an  almoft  inconfiderable 


“ quantity.  The  acid  fait  diflolved  in  water,  is  RhysICS 
“ the  fame  with  oilof  fulphur  per  campanam,  and  » 

'*  abounding  much  in  the  bowels  of  the.  earth* 

“ and  particularly  in  marcafites,  unites  itfelf  to 
“ the  other  ingredient  of  the  marcafite,  which 
“ are  bitumen,  iron  and  earth  ; and  with  them 
“ compounds  alum,  vitriol,  and  fulphur  ; with 
“ the  earth  alone  it  compounds  alum  ; with  the 
‘ * metal  alone,  or  metal  and  earth  together,  it 
“ compounds  vitriol ; and  with  the  bitfimen  and 
“ earth,  it  compounds  fulphur.  Whence  it 
“ comes  to  pafs,  that  marcafites  abound  with 
“ thefe  three  minerals.  And  it  is  from  the 
“ mutual  attraction  of  the  ingredients,  that  they 
“ flick  together  for  compounding  thefe  minerals; 

**  and  that  the  bitumen  carries  up  the  other  in- 
“ gredients  of  the  fulphur,  which  without  it 
“ would  not  fublime  ? And  the  fame queftion 
'**  may  be  put  concerning  all,  or  almoft  all  the 
“ grofs  bodies  in  nature.  For  all  the  parts  of 
' * vegetables  and  animals  are  compofed  of  fub- 
“ ftances  volatile  and  fixed,  fluid  and  folid,  as 
“ appears  by  their  analyfls : and  fo  are  faltsand 
“ minerals,  as  far  as  chymifts  have  hitherto  beea 
“ able  to  examine  their  compofition.  Newton* 
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EXPERIMENTS 

Relating  to  the 

Superficial  Figures  of  Fluids. 


PErhaps  not  the  thoufandth  part  of  the  univerfe,  yet  known  to  us,  is 
formed  into  folid  bodies  ; and  confequently  all  the  reft  is  made  up  of 
celeftial  fluids,  and  the  atmofpheres  of  folids  ; and  thefe  fluids  may, 
poflibly,have  diftinft  furfaces:  whence,  toobferve  and  confider  the  effects  of 
the  agreement  and  difagreement  which  fuch  fluids,  as  fall  under  fenfible 
oblervation,  have,  when  contiguous  to  one  another,  or  to  the  furfaces  of 
folids,  may  chance  to  illuftrate  the  formation  of  thofe  great  mafies  of 
matter,  of  which  the  divine  architect  has  formed  the  parts  of  the  uni- 
verfe.  I fhall  here  therefore  nakedly  propofe  the  experiments  I have 
made,  with  relation  to  this  matter  *,  leaving  it  to  others  to  reafon  upon 


them. 

1.  Having  poured  a menftruum  made  of  fixed  nitre,  difiolved  by  the 
moifture  of  a cellar,  into  a glafs  pipe,  fealed  at  one  end,  and  not  a quar- 
ter of  an  inch  in  diameter  *,  that  the  concave  furface  of  the  fluid  might 
be  the  more  confpicuous  ; we  gently  poured  on  it  fome  highly  re&ified 
fpirit  of  wine,  which  we  knew  would  not  mix  with,  but  fwim  above 
it  ; and  prefently  found  the  figure  of  the  furface  of  the  lower  liquor 
changed,  and  the  cavity  quite  deftroy’d  •,  the  furface,  which  feemed, 
as  it  were,  common  to  the  two  contiguous  liquors,  appearing  flat  or 
horizontal.  And  fuch  a level  fuperficies  we  had,  by  putting  thefe  two 
liquors  together  in  a much  wider  glafs. 

2.  By  employing  oil  of  turpentine,  inftead  of  the  fpirit  of  wine,  the 
liquor  almoft  loft  its  concavity. 

3.  But  common  water,  being  put  into  the  pipe,  retained  its  concave 
furface  though  we  added  to  it  fome  oil  of  turpentine,  and  left  it  long  to 
reft  upon  the  water. 

4.  Some  pure  oil  of  gum  guaiacum,  being  poured  into  a (lender 
pipe,  werfound  the  upper  fuperficies  of  it  concave  s like  that  which 

water . 
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water  would  have  had  in  the  lame  tube.  But  putting  a little  water  upon  Physics* 
this  oil,  it  prefently  changed  the  figure  of  its  furface,  which  then  became 
vifibly  convex. 

5.  Having  put  fome  oil  of  tartar  into  the  pipe,  and  added  fome  drops 
of  the  oil  of  guaiacum  to  it y this  liquor  did  not  manifeftly  alter  the  con- 
cave figure  of  the  furface  of  the  alkaline  liquor,  as  the  oil  of  turpentine 
had  done.  And  having  warily  poured  a little  water  upon  the  oil  of  guai- 
acum, the  upper  fuperficies  of  it  changed  prefently  from  concave  to  con- 
vex, fo  that  this  oil,  in  the  midft  of  the  other  two  liquors,  appeared  like 
a little  red  cylinder y which,  inftead  of  having  circular  bafes,  was  protu- 
berant at  both  ends  y but  moft  at  that  which  touched  the  oil  of  tartar. 

6.  Some  effential  oil  of  cloves  being  put  into  a new  {lender  pipe,  and  ob-. 
ferving  it  to  be  fomewhat  concave  at  the  top,  where  it  was  contiguous 
to  the  air,  we  added  a little  common  water  to  it,  and  found  the  furface 
of  the  oil  alfo  to  be  tumid.  And  in  regard  this  liquor,  as  well  as  the 
forementioned  oil  of  guaiacum,  tho*  it  were  fo  heavy  as  to  fink  in  the 
water,  would  not  do  fo  in  deliquated  fait  of  tartar,  we  did,  into  another 
{lender  pipe,  put  firft  fome  of  this  laft  named  liquor,  then  fome  of  the 
aromatic  oil  y and  laftly,  a little  common  water  y and  found  that  the 
little  cylinder  of  oil,  appeared  convex  at  both  ends  y but  more  fo  at  the 
upper,  where  it  was  contiguous  to  the  water. 

7.  Into  a little  {lender  glafs,  that  was  much  longer,  but  of  like  bore 
with  the  former,  we  put  a fmall  quantity  of  quick-filver,  and  having  ta- 
ken notice,  how  the  upper  fuperficies  fwelled  in  the  middle,  above  the 
level  of  the  parts,  where  it  touched  the  glafs,  we  poured  fome  water 
upon  it,  and  found  a manifeft  and  confiderable  deprefiion  of  the  fur- 
face,. tho*  the  protuberance  were  not  quite  depreffed. 

8.  This  experiment  having  been  frequently  repeated,  fometimes  it 

feemed,  that  when  the  aqueous  cylinder  was  much  longer,  the  deprefilon 
of  the  mercurial  furface  was  fomewhat  greater.  But  this  did  not  con- 
ftantly  happen.  We  often  obferved,  that,  tho’ a very  little  water  fuffi- 
ced,  by  its  contadl,  manifeftly  to  abate  the  protuberance  of  the  quick- 
filver  y yet  it  had  not  the  fame  effect  on  that  ponderous  fluid,  as 
when,  being  encreafed  almofl:  as  high  as  the  length  of  the  pipe  would 
permit,  a greater  weight  of  it  v/as  incumbent  on  the  mercury:  for  then  I 
manifeftly  perceived,  that  the  furface  of  the  quick-filver,  being  depreffed 
almofl;  to  a level,  in  thofe  parts  of  it  which  were  near  the  infide  of  the 
glafs,  there  was,  about  the  middle  of  the  furface,  an  elevation  of  the 
mercury,  that  appeared  to  be  rather  more  than  an  hemifphere,  and 
rofe  to  the  height  of  its  full  femi-diameter  above  the  reft  of  the  mer- 
curial furface  y and  in  that  ftate  it  continued  as  long  as  I thought  fit 
to  let  it.  And  left:  this  trial  ftiould  impofe  upon  me,  I caufed  it  to  be 
more  than  once  repeated.  I afterwards  caufed  the  incumbent  water  to 
be  fucked  up  by  degrees,  and  found  tha;  when  the  incumbent  water  be- 
gan to  be  too  much  fhortened,  the  little  fegment  of  the  fphere,  began  to  be 
fomewhat  flattened,  and  fubfided  more  and  more,  as  the  water  was  ta- 
ken off.  9.  Having 
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9.  Having  conveyed  two  (lender  pipes  into  a pneumatical  receiver,  one 
of  them  furniflied  with  common  water,  and  the  other  with  quick-filver,  we 
caufed  the  common  air  to  be  well  exhaufted,  without  obferving  any  fenfi- 
ble  change  in  the  concave  figure  of  the  water : but  as  for  the  quick-filver, 

I knew  not  what  to  conclude  about  it.  For  having  repeated  the  trial  twice 
or  thrice,  it  fometimes  feemed  manifeftly  to  be  more  protuberant  upon 
the  exhauftation  of  the  receiver,  than  when  it  was  put  in  ; efpecially  when 
its  figure  was  attentively  viewed,  and  the  external  air  fuftered  to  re-enter 
with  all  convenient  celerity.  But  that  which  yet  kept  me  doubtful 
was,  that  I obferved  upon  taking  off  the  air’s  prefilire  from  the 
quick-filver,  there  difclofed  themfelves  fome  little  bubbles,  which,  I fear- 
ed, we  had  not  been  able  to  free  it  altogether  from,  and  which  might 
be  fufpedted  to  have  fome  intereft  in  the  phenomenon.  We  alio  com- 
veyed  into  our  receiver  a clear  chymical  oil,  heavier  than  water,  and 
whilft  it  was  contiguous  to  that  fluid,  it  had  a convex  furface  *,  alfo  having 
placed  the  pipe  furniflied  with  both  liquors  in  the  pneumatical  receiver,  we 
pumped  out  the  air,  without  finding  that  the  oil  fenfibly  altered  its  protu- 
berant furface,  as  neither  did  the  water  lofe  the  concave  figure  of  its  up- 
per fuperficies. 

10.  I took  fixed  nitre,  (or  fait  of  tartar)  refolved,  per  deliquium,  into  a 
tranlparent  liquor,  and  having  half  filled  a clear  vial  with  it,  I poured 
on  it  a convenient  quantity  of  vinous  fpirit  exadtly  rectified,  that  no 
phlegm  might  occafion  an  union  betwixt  the  two  liquors,  which  ought,  as 
ours  did,  to  retain  diftindt  furfaces,  and  foon  regain  them,  tho*  the  glafs 
were  well  fhaken.  Then  having  found  by  trial  that  common  oil  of  tur- 
pentine, iP  employ’d  in  a competent  quantity,  will  not  totally  dififolve  in 
fpirit  of  wine,  and  having  alfo  obferved,  that  if  this  fpirit  of  wine  be  ex- 
quifitely  redtify’d,  oil  will  fink  in  it  •,  1 warily  let  fall  fome  drops  of  the 
oil  into  the  fpirit,  and  they  fell  towards  the  bottom  of  the  glafs,  till  their 
defcent  was  (lopped  by  the  horizontal  furface  of  the  alkalizate  liquor.  And 
becaufe  my  defign  was  chiefly  to  obferve  the  fuperficial  figure  of  a fluid, 
encompafled  by  other  fluids  without  touching  any  folid  ; I fhall  here  take 
notice  of  the  chief  phenomena,  which  were  produced  of  that  kind. 

Firft  then,  if  the  oil  drops  were  but  fmall,  they  (eemed  to  the  eye,  ex- 
adtly  fpherical.  For  the  oil  differing  but  very  little  in  fpecific  gravity 
from  the  fpirit  of  wine,  the  drops  did  but  juft  touch  the  furface  of  the  fub- 
jacent  alkali  ; and  the  fame  drops  being  fo  fmall,  their  own  weight  was 
not  great  enough  vifibly  to  deprefs  them,  and  hinder  that  roundnefs, 
which  the  preffure  of  the  ambient  fpirit,  or  their  own  vifcofity,  endea- 
voured to  give  them.  Secondly,  If  an  aggregate  of  drops  were  confidera- 
biy  bigger  than  the  former,  it  would  manifeftly  reft  upon  the  alkalizate 
liquor,  as  upon  a plain,  and  appear  fomewhat  elliptical  ; the  weight  of  the 
upper  parts  deprefling  the  drops,  and  making  the  horizontal  diameter 
fomewhat  longer  than  the  tranfverfe.  Thirdly,  If  a yet  greater  propor- 
tion of  oil  were  let  fall  upon  the  heavy  liquor,  it  would  for  a pretty 
while,  appear  in  the  form  of  an  imperfect  hemifphere,  or  fome  other  large 

fe&ion 
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fe&ion  of  a fphere  ; the  lower  part  being  cut  off  by  the  horizontal  furface  Physics. 
of  the  diffolved  fait.  But,  fourthly,  if  the  quantity  of  oil  were  not  too  c/W 
great,  it  was  pretty  to  obferve,  that  tho*  at  firff  putting  in,  it  did,  per- 
haps, fpread  itfelf  over  the  fubjacent  liquor,  and  lie  as  it  were  flat  upon 
it ; yet  it  would  gradually,  by  the  adlion  of  the  furrounding  fluid,  con- 
curring with  its  own  tenacity,  be  raifed  above  the  furface  of  the  liquid 
nitre,  and  be  reduced  to  the  figure,  either  of  an  hemifphere,  or  of  a greater 
fegment  of  a globe,  or  of  an  imperfect  ellipfis,  according  to  the  bulk  or 
weight  of  the  oil.  Fifthly,  tho’  thefe  globules  of  oil,  often  readily  mix- 
ed, when  they  touched  one  another  ; yet  feveral  times  we  were  able  to 
make  them  touch  without  uniting,  whence  we  have  caufed  them  fo  to  bear 
againfl  one  another’s  furfaces,  as  manifeftly  to  prefs  them  inwards  ; tho* 
being  parted,  they  would  prefently  refume  their  former  figure.  But  in 
cafe  any  of  thefe  oily  portions  came,  by  a more  prefling  contact,  to  be 
united,  they  would  then  alter  the  figures  they  had  while  feparate,  and 
take  another  fuitable  to  the  bulk  of  the  aggregate.  Sixthly,  if,  when  a 
large  portion  of  oil  relied  upon  the  faline  liquors,  the  ambient  fpirit 
was  moderately  and  warily  agitated,  it  was  pleafant  to  fee  the  various 
figurations,  which  the  convex  part  of  the  fegment  of  the  globe  would 
be  put  into  by  the  fhakes,  without  any  vifible  folution  of  continuity, 
or  confiderable  motion  of  the  whole  body,  which  would  very  foon  re- 
cover its  former  figure.  But  if  the  agitation  were  too  ftrong,  fome  por- 
tions would  be  quite  broke  off,  and  prefently  turned  into  little  globes. 

1 1 . I tried  to  produce  another  phenomenon,  by  putting  together,  in  a 
large  veflfel,  with  other  liquors,  two  oils  (one  whereof  was  from  turpen- 
tine) which,  by  reafon  of  the  oleaginous  nature,  wherein  they  agreed, 
might  exactly  mix  and  make  a compound  liquor  ; and  one  being  hea- 
vier, and  the  other  lighter  in  fpecie  than  the  water  employ’d,  might  be 
again  feparated  thereby,  and  include  betwixt  them  the  liquor  •,  which  had 
divided  them.  But  I found  that  the  oils,  being  once  united,  would  not 
eafily  be  parted  ; but  according  to  the  prevalence  of  the  lighter  or  hea- 
vier ingredient,  in  the  mixture,  the  compound  oil  would  almofl  totally, 
either  emerge  to  the  top  of  the  water,  or  lie  beneath  at  the  bottom  of  it : 
but  fome  part  of  the  oil,  which  was  not,  perhaps,  all  uniformly  mixed, 
did  not  keep  in  a body  with  the  reft  j but  was  either  feparated  from  the 
mafs  in  the  form  of  globules,  flicking  to  the  fide  of  the  glafs,  had  the 
other  part  of  its  fuperficies,  which  was  contiguous  to  the  water,  very  va- 
rioufly  figured,  according  as  the  bulk  and  degree  of  gravity  of  the  adhe- 
ring oil,  and  other  circumflances  determined. 

Thefe  are  fome  of  the  phenomena  I obferved  in  oil  of  turpentine,  when 
invironed  only  with  fluids  *,  but  if  it  were  permitted  to  be  contiguous  to  the 
infide  of  the  glafs,  and  To  to  fallen  part  of  its  furface  toafolid,  the  greater 
portion  of  the  furface,  which  remained  expofed  to  one  or  both  of  the  con- 
tiguous‘liquors,  would,  partly  by  their  adlion,  and  partly  by  the  gravity 
of  the  oil  itfelf,  be  put  into  figures  fo  various,  and  fometimes  fo  extra- 
vagant, that  it  was  much  more  pleafant  to  behold  them,  than  it  would  be 
eafy  to  deferibe  them.  12.  Con- 
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Physics,  12.  Confined  fluids  may  have  diftinCt  furfaces,  without  having,  at 
leaft  in  many  pofitions,  refractions  differing  enough,  or  reflections  ftrong 
enough,  to  make  the  plain  which  feparates  them,  obvious  to  the  eye. 
Thus  when  the  oil  of  tartar,  or  the  nitrous  alkali,  which  I employ’d,  hap- 
pened to  be  clear  and  colourlefs,  I have,  more  than  once,  made  highly 
rectified  fpirit  of  wine  float  upon  it  fo,  that  in  moft  pofitions,  the  vial 
feemed  to  contain  but  one  uniform  liquor  ; the  plain  that  divided  the  two 
fluids,  being  unapt  to  be  difcerned  but  in  a pofition,  wherein  the  rays  of 
light,  palling  from  thence  to  the  eye,  fell  very  obliquely  on  it:  and  indeed, 
when  there  was  no  little  dull  or  other  feculency,  fwimming  upon  the  fur- 
face  of  the  oil  of  tartar  *,  I could  fcarce  convince  ordinary  fpeCtators, 
that  the  vial,  in  two  diftinCt  regions  of  it,  contained  two  unfociable 
liquors. 

13.  We  took  a diflolved  alkali,  made  of  nitre  and  tartar,  and  deeply 
tinged  it  with  cochineal  •,  and  that  the  liquors  might  not  only  be  hetero- 
geneous, but  as  differing  in  gravity  and  denfity  as  poflible,  we  poured 
thereon  a peculiar  kind  of  oil,  lighter  than  fpirit  of  wine  ; and  holding 
the  plain  where  the  two  liquors  were  contiguous,  in  a convenient  pofi- 
tion, in  refpeCt  of  the  light  and  the  eye,  I obferved  it  to  make  a ftrange- 
ly  vivid  reflection  of  the  incident  rays  \ fo  that  this  phyfical  furface, 
which  was  flat,  looked  almoft  like  that  of  quick-filver  ; and  when 
I viewed  it  by  the  light  of  a candle,  the  bright  figure  of  the  flame  was 
ffrongly  reflected,  almoft  as  from  a clofe  fpecular  body  *,  which  tempted  me 
to  fufpeCt,  that  there  might  be  fomething  elfe,  befides  the  bare  fmoothnefs 
of  the  furface  of  the  alkalizate  liquor  to  produce  fo  brifk  a reflection  ; 
and  the  rather,  becaufe  I did  not  obferve,  that  the  remains  of  the  fame 
tinged  alkali,  which  I kept  in  another  glafs,  nor  a portion  of  the  fame  oil, 
which  I had  alfo  by  me  in  a feparate  vial,  afforded  fo  vivid  a reflection 
from  its  furface  : tho*  I the  lefs  wondered  at  this,  becaufe  of  the  great 
difpofition  to  refleCt  light,  which  I had  formerly  obferved  in  the  fore-men- 
tioned oil,  when  joined  with  other  liquors.  And  looking  on  this  fluid, 
as  a body  which,  tho’  it  hath  all  the  necefiary  qualities  of  an  oil,  does, 
in  regard  of  its  origin,  and  fome  properties  I have  found  in  it,  differ 
from  common  chymical  oils  *,  I was  invited  the  more  to  obferve  its  pheno- 
mena, with  regard  to  reflection:  and  I found,  1.  That  the  confining 
plain  within  the  tinged  alkali  and  this  liquor,  did  not  appear  red,  it- 
felf,  nor  communicate  that  colour  to  the  image  of  the  flame  of  a candle, 
reflected  from  it.  2.  That  when  I warily  fhook  the  containing  vial, 
the  upper  liquor  would  be  reduced  into  a feeming  froth,  confifting  of 
a great  number  of  imperfeCtly  globular  bodies,  that,  after  a while, 
would  make  a kind  of  rude  phyfical  plain  ; which,  tho’  neither  horizon- 
tal, nor  fenfibly  fmooth,  would,  at  its  upper  fuperficies,  fend  back  the 
incident  light  with  more  brifknefs,  than  one  could  expeCt.  And  when 
the  feeming  froth  confifted  of  fmaller  particles,  thefe,  when  they  were 
of  a certain  fize,  and  conveniently  placed,  with  regard  to  the  flame 
of  the  candle  and  the  eye,  would  refleCt  the  incident  light  fo  many  ways, 
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and  fo  vifibly,  that  they  Teemed,  for  multitude  and  fplendor,  like  little  Physics. 
fparkling  corpufcles  of  polifhed  filver.  Thirdly,  that  tho’  pure  fpirit  of  <w — v — — < 
wine  be  fo  thin  a liquor,  and  our  oil  fo  light,  as  to  fwim  upon  it ♦,  yet 
I found  the  confining  furface  very  ftrongly  refledtive.  I have  alfo  found, 
that  fome  other  effential  oils,  and  particularly  an  unfophifticated  one  of 
lemmons,  did,  with  our  tinged  alkali,  afford  moft  of  the  fame  phenomena, 
but  not  fo  brifk  a reflection. 

14.  In  cold  weather  we  took  effential  oil  of  anifeeds,  whofe  property 
it  is  to  coagulate  in  fuch  weather,  and  having,  in  a gentle  warmth, 
brought  it  to  be  fluid,  we  poured  it  into  a (lender  vial  more  than  half 
filled  with  common  water,  which  had  been,  alfo,  a little  warmed,  that 
the  oil  might  not  be  too  haft ily  reduced  to  its  former  ftate.  This  oil  be- 
ing lighter  than  fo  much  water,  and  being  poured  on  in  a convenient 
quantity,  had  its  upper  furface  fomewhat  concave,  as  that  of  the  water 
was ; but  the  lower  furface,  furrounded  by  the  water,  was  very  convex, 
appearing  almoft  of  the  figure  of  a great  portion  of  a fphere.  This  be- 
ing done,  the  vial  was  flopped,  and  fuffered  to  reft,  for  fome  time, 
in  a cold  place  *,  by  which  means,  the  water  continuing  fluid  as  before, 
the  oil  was  found  coagulated  in  a form,  approaching  to  that  it  had  whilft 
in  a fluid  ftate.  It  is  worth  obferving  how  great  a difference  there  was 
between  the  dull  reflection  it  made,  when  coagulated,  and  the  fine  one  it 
had  made,  whilft  a liquor. 

1 5.  Having  obferved,  that  quick- filver,  and  rectified  Oleum  Petrie,  are, 
the  former  of  them  the  heavieft,  and  the  latter  the  lighted  of  all  the  vi- 
fible  fluids  yet  known  to  me  •,  I put  fome  diftilled  quick-filver  into  a 
fmall  vial,  and  held  it  in  fuch  a pofture,  that  the  incident  light  was 
ftrongly  reflected  to  my  eye ; I then  (lowly  put  to  it  fome  Petrel^eum^ 
which  being  well  rectified,  was  very  clear ; and  obferved,  that  as  this  li- 
quor covered  the  quick-filver,  there  was  at  the  imaginary  plain,  where 
they  both  joined,  a brifker  reflection,  than  the  quick-filver  alone  had  gi- 
ven before.  On  this  occafion  it  will  not  be  amifs  to  take  notice,  that 
either  the  furface  of  the  air  it  felf,  as  thin  and  yielding  a fluid  as  it  is, 
or  the  furface  of  a folid,  contiguous  to  included  air,  or  fome  interpofed 
fubtile  matter,  may  refleCl  the  incident  rays  of  light,  more  ftrongly,  than 
moft  men  would  expeCt.  A curious  perfon  having  one  day  brought  me 
two  pieces  of  a folid,  tranfparent  body,  which  he  had  cafually  found,  in 
one  of  which  there  was  a pearl,  large,  round,  and  orient ; and  in  the  o- 
ther,  one  lefs  perfeCl  •,  one  of  them  was  opened,  when  that  which  had 
appeared  a pearl,  was  found  to  be  but  a cavity,  which  contained  no 
grofler  a lubftance  than  air.  And  I have  by  me,  a well-lhaped  piece  of 
thick  glafs,  with  an  aerial  bubble  in  the  middle,  which  by  fome  quali- 
ties, particularly  its  fpear-like  (hape,  and  vivid  reflection,  well  refembles 
a fair,  tho*  not  orient  pearl.  But  in  fuch  obfervations,  the  pofition 
of  the  eye,  and  that  wherein  the  body  receives  the  rays  of  light,  may 
be  very  confiderable.  For  I have  a fmall  (lone,  that  being  laid  flat  upon 
one’s  hand,  or  a piece  of  paper,  and  looked  on  direCtly  downwards,  ap- 
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pears  almoft  like  a piece  of  common  glafs,  and  is  tranfparent  5 but  if  the 
eye  be  fo  placed,  that  the  incident  rays  of  light,  by  whole  reflection  it  is 
feen,  fall  with  a convenient  degree  of  obliquity  upon  the  (tone,  it  makes 
an  exceeding  pretty  fhew  *,  fometimes  appearing  like  a fine  opal,  and  fome- 
times  not-yery  unlike  an  orient  pearl. 

16.  Having  prepared  a competent  quantity  of  a refinous  fubftance, 
which  looked  like  high-coloured  amber,  but  was  eafy  to  melt  •,  we  put 
it  into  a deep  round  glafs,  with  a wide  mouth,  and  held  it  by  the  fire-fide, 
till  it  was  brought  into  a fluid  ftate ; then  we  transferred  it  into  a pneu- 
matical  receiver,  where  we  prefumed,  that  this  temporary  liquor  would 
difclofe  aerial  bubbles,  when  the  preflfure  of  the  air  was  withdrawn  from 
it  *,  and,  accordingly,  having  caufed  the  air  to  be  pumped  out  by  degrees, 
we  found  numerous  bubbles  appear  at  the  top  of  the  liquor,  where 
they  made  a great  froth,  many  of  them  being,  by  reafon  of  the  vifco- 
fity  of  the  fluid,  very  large,  and  feveral  of  them  adorned  with  the 
colours  of  the  rain-bow.  I caufed  the  pumping  to  be  continued,  that 
thofe  bubbles,  which  had  moft  common  air  in  them,  and  which,  therefore, 
rife  firft,  might  get  to  the  top,  and  the  fubfequent  bubbles  might  meet 
with  more  refiftance  from  the  liquor  ftill  tending  to  grow  cold,  and  fo 
be  the  more  expanded,  and  yet  kept  from  emerging,  by  the  con- 
cretion of  the  refinous  fubftance  ; and  anfwerably  to  this,  we  found,  that 
when  the  fubftance  had  refumed  its  confident  form,  there  were  intercepted, 
between  the  upper  and  lower  furfaces  of  it,  fome  bubbles,  which  were 
not  fmall,  yet  made  a confiderable  reflection  5 notwithftanding  the  final! 
quantity  of  the  groffer  particles  of  the  air,  that  may  be  fuppofed  to  be  con- 
tained in  bubbles  fo  very  much  expanded. 

1 7.  It  is  taken  for  granted,  that  the  falling  drops  of  rain  are  fpheri- 
cal,  yet  their  defcent  is  fo  fwift,  that  I fear,  this  is  rather  fuppofed, 
than  obferved  ; which  will  be  more  queftionable,  if  hail  be  but  rain  fro- 
zen, in  its  paffage  through  the  air.  For  it  is  evident,  that  the  grains  of 
hail  are,  frequently,  of  other  figures,  than  truly  orbicular.  But  the 
furface  of  water  may  have  different  figures,  accordingly,  as  it  is  to- 
tally encompaffed  with  heterogeneous  fluids,  or  as  it  is  only  in  fome 
places,  contiguous  to  one  or  more  of  them.  In  the  former  cafe,  we 
found  it  not  fo  eafy  to  make  an  obfervation,  becaufe,  we  know  not  of 
any  two  liquors,  (I  except  mercury)  which  will  not  mix  either  with  one 
another,  or  with  water.  We,  therefore,  cautioufly  conveyed  into  chy- 
mical  oil  of  cloves,  fome  portions  of  common  water  of  different  fizes  ; 
taking  care,  that  they  might  not  touch  one  another  ^ by  which  means, 
the  oil  being  tranfparent,  and  yet  fomewhat  coloured,  it  was  eafy  to 
obferve,  that  the  finaller  portions  of  water,  were  fo  near  totally  inviron- 
ed  with  the  oil,  as  to  be  reduced  into  almoft  perfect  globes ; thofe  por- 
tions, which  were  fomewhat  bigger,  would  be  of  a figure  fomewhat  ap- 
proaching to  that  of  an  ellipfts,  and  thofe,  which  were  yet  larger,  tho* 
they  feemed  to  be  funk  almoft  totally  beneath  the  oil,  yet  they  held  to 
it  by  a fmall  portion  of  themfelves,  whofe  furface  was  eafily  diftinguifh- 
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able  from  that  of  the  oil.  Tliefe  larger  portions  of  immcrfed  water,  be-  Physics. 
ing  almoft  wholly  invironed  with  the  other  liquor,  were  by  it  reduced  into  -v — - 

a round  figure,  which  was  ordinarily  fomewhat  elliptical  ; but  more  depref- 
fed  in  the  middle,  than  that  figure. 

18.  Having  into  a (lender  pipe^  put  a little  oil  of  cloves,  and  upon 
this  fome  oil  of  turpentine,  fo  that  the  water  might,  both  above  and  be- 
neath, be  touched  by  heterogeneous  liquors  i I obferved  not  the  oil  of 
cloves  to  be  very  manifestly  tumid  at  the  top,  nor  the  lower  furface  of  the 
oil  of  turpentine  to  be  very  convex  ; from  whence  it  is  eafy  to  determine 
the  figure  of  the  cylindrical  portion  of  water,  intercepted  between  the  two 
oils. 

19.  I took  oil  of  anifeeds,  thawed  by  a gentle  warmth,  and  common 
water,  and  having  put  them  together,  in  a conveniently-fhaped  glafs, 
they  were  fuffered  to  (land  in  a cold  place,  till  the  oil  was  coagulated f 
which  done,  it  was  parted  from  the  water  \ and,  by  the  roughnefs  of  its 
fuperficies,  manifefted,  that,  when  its  parts  were  no  longer  agitated, 
and  kept  eafily  moveable,  by  the  fubtile  permeating  matter,  or  whatever 
other  agent  or  caufe  it  was,  to  which  it  owed  its  fluidity,  the  contiguous 
water  grew  unable  to  inflect,  or  otherwife  place  them  after  the  manner 
requifite  to  conftitute  a fmooth  furface.  And  what  happened  to  that 
part  of  the  oil’s  furface,  which  was  touched  by  the  water,  happened  alfo 
to  that,  which  was  contiguous  to  the  air  ; only  the  afperity  of  the  latter 
furface  differ’d  from  the  other  *,  which,  whether  it  were  an  accidental,  or 
conftant  phenomenon,  farther  trial  mud  determine.  But  I have  often  ob- 
ferved, that  the  upper  furface  of  oil  of  anifeeds,  when  this  liquor  comes  to 
be  coagulated  by  the  cold  air,  was  far  enough  from  fmooth ; being  ren- 
der’d very  rugged  by  many  flaky  particles,  fome  of  which  lay  with  their 
broad,  and  others,  with  their  edged  parts  upwards. 

20.  An  inequality  and  ruggednefs  of  fuperficies  I have  alfo  obferved  in 
water,  when,  having  covered  it  with  chymical  oil  of  juniper,  and  ex- 
pofed  it  in  very  cold  weather  ; for,  though  the  oil  continued  fluid,  yet  the 
water,  being  frozen,  had  no  longer  a fmooth  fuperficies,  as  whilft,  in  its 
liquid  (late,  it  was  contiguous  to  the  oil.  And  the  like  inequality,  or 
rather  a greater,  we  obferved  in  the  furface  of  water  frozen,  which  had 
chymical  oil  of  turpentine  fwimming  over  it ; yet  a greater  roughnefs  may 
be  often  obferved  in  the  furfaces  of  feveral  liquors,  which  abound  with  wa- 
ter, when  thofe  liquors,  being  frozen,  their  furfaces  have  an  immediate 
contadt  with  the  air.  Having  purpofely  caufed  a ftrong  and  blood-red  de- 
codtion  of  wood-foot  to  be  expofed  in  a large  glafs,  in  a very  cold  night  ; 

I found  in  the  morning,  a cake  of  ice,  which  was  curioufly  figured,  being 
full  of  large  flakes,  fhaped  almoft  like  the  broad  blades  of  daggers,  and 
neatly  fringed  at  the  edges.  But  thefe  figures  feem  to  be,  as  it  were,  im- 
bofled  •,  being,  both  to  the  eye  and  the  touch,  raifed  above  the  horizontal 
plain  of  the  other  ice. 

2 1.  I have  lometimes  obferved  the  like  phenomenon  in  one  and  the  fame 
liquor  •,  and  particularly  not  long  fince,  in  frofty  weather,  in  a vial, 
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Physics,  where  I had  long  kept  oil  of  vitriol,  I perceived,  that  the  cold  had  re- 
duced far  the  greated  part  of  the  mendruum  into  a confident  mafs,  whofe 
upper  furface  was  very  rugged,  and  oddly  figured,  though  it  lay  covered, 
all  over,  with  a pretty  deal  of  a high-coloured  liquor,  which  was  not  fro- 
zen, or  coagulated,  nor  feemed  difpofed  to  be  fo,  at  lead  in  that  degree 
of  cold. 

22.  This  may  be  alfo  obferved  in  the  bed  fort  of  what  the  chymids 
call  Regulus  Martis  ftellatus , where  the  figure  of  a dar,  or  one  fomewhat 
like  that  of  the  decodtion  of  foot,  lately  mentioned,  will  frequently 
appear  imbofied  upon  the  upper  fuperficies  of  the  regulus^  and  fuch  a 
raifed  figure  I have  feen  on  a mafs  of  regulus , made  of  antimony,  without 
iron.  But  if  to  thofe  two  bodies,  copper  alfo  be  fkilfully  added,  the  fuper- 
ficies will  be  often  adorned  with  new  figures,  according  to  the  circumdan- 
•ces  j tho*  the  mod  ufual  I took  notice  of,  was  that  of  a net,  which  feemed 
to  cover  the  furface  of  the  compounded  regulus . This,  however,  is  not  fo 
condant,  but  that  I have  by  me  a mafs  of  a conical  figure,  confiding  of 
two  very  contiguous,  but  ealily  feparable  parts,  the  lowermod  whereof, 
which  abounds  more  in  metal,  hath  its  upper  furface  covered  with  round 
protuberances,  in  fhape  and  bignefs,  like  fmall  peafe  cut  in  two  ♦,  and  thefe 
are  fo  really  imbofied,  and  elevated  above  the  red  of  the  fuperficies,  that 
the  other  part  of  the  cone,  which  is  of  a more  fcorious  nature,  has,  in  its 
lower  furface,  which  exadtly  fits  the  upper  of  the  regulus , cavities,  for  num- 
ber, fhape,  and  fize,  anfwering  to  the  protuberances  \ which  argues,  that 
the  regulus  cooled  fird,  with  that  inequality  of  furface,  we  have  defcribed  •, 
and  that  the  lighter,  and  more  drofiy  fubdance,  continuing  longer  fluid, 
had  thereby  an  opportunity  to  accommodate  it  felf  to  the  fuperficial  figure 
of  the  regulus , 0T1  which  it  fird  reded,  and  afterwards  coagulated. 
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THAT  fluids  fhould  fend  out  exhalations,  will,  I prefume,  be  rea- 
dily granted,  efpecially  confidering  the  fenfible  evaporation  of  wa- 
ter, wine,  &c.  and  the  loofe  contexture  of  parts  neceflary  to  com- 
pofe  foft  bodies  *,  but  that  hard,  and  ponderous  fubflances,  likewife,  emit 
fleams,  will,  perhaps,  require  to  be  proved.  But  though  we  might  a priori , 
both  from  the  Epicurean  and  Cartefian  philofophy,  fhew,  that  confiflent 
bodies  are  exhalable  ; it  will  be  more  fatisfa&ory  and  ufeful  to  do  it  a pofie - 
riori , by  particular  experiments  and  examples. 

That  a dry  and  confiflent  form  does  not  infer  an  indifpofition  to  yield  Aromatics , 
effluvia,  is  evident  in  all  the  aromatics,  and  perfumes,  but  more  efpe-  and  b°dies  °f 
dally  in  camphire,  and  f uch  volatile  falts,  as  are  obtained  from  harts- **!*/*- 
horn,  blood,  £s?r.  for  thefe  are  fo  fugitive,  that  I have  had  a lump  of ne' 
volatile  fait  fly  away,  without  leaving  a grain  behind  \ and  I found,  that 
a fmall  piece  of  camphire  would,  in  a few  hours,  fuffer  a vifible  lofs  of 
weight,  by  the  avolation  of  fcented  corpufcles  5 tho*  the  experiment  was 
made  in  a north  window,  and  in  the  winter  feafon.  But  if  inflances 
are  required  from  bodies  of  a clofe  and  folid  texture,  I have  found,  that  th0fe  0f 

many  ele&rical  bodies,  fuch  as  amber,  rofin,  brimflone,  &V.  when  they  a clofe  andfo- 
are  well  rubbed,  part  with  numerous  corpufcles ; and  the  common  expla-  M texture. 
nation  of  the  attraction  of  fuch  bodies,  fuppofes  the  emiflion  of  corpo- 
real particles.  I have  found  feveral  fruits,  &c.  even  in  winter,  grow 
daily  lighter  in  the  fcales,  wherein  I kept  them,  noting  their  decreafe  of 
weight ; but  to  fhew,  how  confiderable  an  evaporation  is  made  from 
wood,  I caufed  a thin  cup,  that  would  hold  a pint,  to  be  turned,  of  a 
fort  of  it  that  was  not  very  clofe,  from  which,  in  the  winter,  there 
was  fo  quick  and  plentiful  an  evaporation,  that  I found  it  no  eafy 
Matter  to  counterpoife  it  3 for  whilft  grains  were  putting  into  the  oppo- 
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fite  fcale,  the  great  avolation  of  invifible  fteams  would  make  the  fcale- 
that  held  it,  fenfibly  too  light.  For  farther  fatisfa&ion,  I ordered  a 
bowl,  about  the  fame  bignefs  with  the  former,  to  be  made  of  well- 
feafoned  wood,  which,  being  fufpended,  in  my  chamber,  quickly  began 
to  lofe  of  its  weight  ; and  though  the  whole  veflel  weigh’d  but  an  ounce 
and  three  quarters,  yet  from  ten  a-clock  in  the  morning  to  ten  at 
night,  it  loft  about  forty  grains  *.  And  it  were  eafy  to  multiply  in- 
ftances  of  the  continual  exhalation  of  fteams  from  vegetable  and  animal 
fubftances  *,  but  fince  thofe  fubftances  are  the  moft  unlikely  to  afford  ef- 
fluvia, that  are  either  very  cold,  or  very  ponderous ; very  folid  and 
hard,  or  very  fixed  •,  if  1 can  fhew,  that  thefe  qualifications  cannot  keep 
a body  from  emitting  fteams,  I lhall  have  made  it  probable,  that  all  forts 
of  bodies  may  afford  them.  And  firft,  I have  not  only  found  eggs,  in  a very 
fliarp  winter,  to  grow  fenfibly  lighter,  but  having  counterpoifed  a con- 
venient quantity  of  ice  in  an  exaft  balance,  and  expofed  it  to  the  cold  air 
of  a frofty  night,  that  the  evaporations  fhould  be  from  ice,  and  not  from 
water,  I found,  the  next  morning,  its  weight  confiderably  diminifhed ; 
and  this  experiment  I made  with  the  like  fuccefs  in  more  than  one  winter, 
and  more  than  one  place. 

But,  by  the  way,  in  explaining  fome  occult  qualities,  fuch  exhalations 
as  are  raifed  by  means  of  fire,  may  be  taken  into  confideration.  Now 
fire  is  able  to  put  the  parts  of  bodies  into  fo  violent  a motion,  that 
except  gold,  glafs,  and  a very  few  more,  there  are  none  fo  fixed  and  fo- 
lid, but  it  will  diffipate,  either  totally,  or  in  part.  Not  only  lead  and 
tin,  but  much  harder  bodies  emit  plentiful  and  noxious  fteams  ; and 
there  are  fome  kinds  of  iron,  which  our  fmiths  call  cold-fhare  iron,  whofe 
fmell,  whilft  red-hot,  is  intolerably  ftrong  and  rank,  in  the  working. 
And  without  being  brought  to  fufion,  not  only  brafs  and  copper  will  become 
ftrongly  fcented,  but  common  iron  alfo  •,  as  is  evident  by  the  fmell  of  many 
iron  ftoves. 

To  proceed  to  ponderous  bodies  if  we  allow,  that  the  magnetical  ope- 
rations of  the  load*ftone,  for  inftance,  are  performed  by  particles  ifluing 
from  it ; this  will  ferve  for  an  inftance  to  our  prefent  purpofe,  fince  I 
have  hydroftatical'ly  found,  that  fome  load-ftones  have  double  the  weight 
of  flints,  or  other  ftones  of  the  fame  bulk.  And  ftone-cutters  will  in- 
form us,  that  black  marble,  and  fome  other  heavy  ftones,  yield  a very 
fenfible  fmell  in  polilhing  *,  and  it  will  be  granted,  that  odours  are 
not  diffufed  without  corporeal  exhalations.  Having  procured  fome  of 
thofe,  which  pafs  among  the  vulgar  for  thunder- ftones,  I could,  by  rub- 
bing them,  excite  a ftrong  fulphureous  fcent.  I have  alfo  made  a certain 


* It  £ pp  ‘ars  very  probable,  from  an  Observa- 
tion of  Lr.  Lifer , that  odoriferous  bodies  lpend 
their  vey  fubitance  in  effluvia.  He  found  great 
numbers  of  Hones,  which  lay  in  feveral  drawers, 
made  of  Barbadoes  cedar,  were  thick  covered  o- 
ver  with  a liquid  rofm,  like  Venice  turpentine, 


tho’  no  manner  of  exudation  appeared  in  any  part 
of  the  cabinet.  Whence,  fays  the  Dr.  the  whole 
body  of  the  turpentine  of  the  cedar  wood,  mull 
have  been  carried  into  the  air,  and  floating  there- 
in, be  again  condenfed,  in  its  own  form,  upon 
thefe  Hones.  Philof  Tranf.  Ne.  no.  p.  224. 
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mineral  mafs,  almoft  as  ponderous  as  a metal,  emit  more  ftrongly  fcent-  Physics. 
ed  exhalations,  than  I could  well  endure.  And  having  once  made  a chy-  — v — 

mical  mixture  of  a metalline  body,  and  coagulated  mercury,  it  was  fo 
difpofed  to  part  with  corporeal  effluvia,  that  a petfon,  who  praCtifed 
phyfic,  begged  a little  of  it  for  fome  patients,  troubled  with  diftempers 
in  the  eyes  *,  and  afterwards  affirmed,  that  it  very  happily  cured  them, 
by  being  worn  in  a ring  on  the  finger,  or  as  an  Appenfum  near  the  difaf- 
feCted  part.  If  we  make  a Vitrum  Saturni , with  a large  quantity  of  Mi- 
nium in  proportion  to  the  fand  or  cryftal,  which  it  helps  to  fufe,  we 
fhall  have  a glafs  exceeding  ponderous,  and  yet  not  deftitute  of  electri- 
city. And  having  fometimes  caufed  brafs  to  be  turned,  after  the  manner 
of  wood,  to  try,  whether  fo  great  a concuflion  would  not  throw  off  fleams, 
that  might  be  fmelt,  it  anfwered  my  expectation  •,  and  a workman,  who 
ufed  to  turn  very  great  quantities  of  brafs,  informed  me,  that  the  fcent  of 
it  in  the  lath,  was  fometimes  fo  ftrong,  as  to  be  very  offenfive  to  perfons 
un-ufed  to  it. 

I proceed  now  to  the  effluvia  of  folid  and  hard  bodies  : and  here  I Very  folid, 
may  be  allowed  to  inftance  in  eleCtrical  ones,  becaufe  they  are  ac- kard'  artd 
knowledged  to  operate  by  fubftantial  effluvia.  Now  among  thefe,  I have 
obferved  many  of  fo  clofe  a texture,  that  neither  Aqua  fortis  it  felf,  them . 
nor  fpirit  of  fait,  would  work  upon  them  ; and  to  be  fo  hard,  as  to 
ftrike  fire,  like  flints.  Of  the  former  fort  I have  found  feveral  gems,  and 
even  cornelian  it  felf ; rock  cryftal  alfo,  though  it  hath  an  attractive 
virtue,  is  yet  fo  hard,  as  to  ftrike  fire,  rather  better  than  ordinary 
flints  : and  though  diamonds  are  the  hardeft  bodies  we  know,  yet  fre- 
quent experience  has  affured  me,  that  even  thefe,  are  very  manifeftly 
eleCtrical.  There  is  a fort  of  concretions,  very  well  known  in  feveral 
parts  of  Italy , by  the  name  of  Cugoli , and  much  ufed  by  the  glafs-men. 

Thefe  are  very  hard,  and  yet  by  nibbing  them  one  againft  the  other, 
they  afford  a very  ftrong  fmell.  To  which  we  may  add,  that  ftrong 
fcents  are  produced  by  the  attrition  of  Calculi  humani , iron,  marcafites, 
pyrites,  l£c.  whence  it  appears,  that  bodies,  capable  of  being  the  fource 
of  corporeal  effluvia,  may  be,  at  once,  very  folid,  and  very  ponderous. 

It,  therefore,  only  remains  to  fhew,  that  even  fixednefs  in  bodies  is  not 
incompatible  with  their  difpofition  to  yield  exhalations.  The  Regulus  dlnd even  fuch 
of  antimony,  and  alfo  its  glafs,  though  they  muft  have  endured  fufion, as  arefxed • 
to  attain  their  refpeCtive  forms  ; yet  they  will,  without  heat,  communi- 
cate emetic  and  purgative  expirations  to  liquors  : and  feveral  eleCtrical 
bodies  are  very  fixed  in  the  fire  •,  particularly  cryftal  will  endure  feveral 
ignitions,  and  extinctions  in  water,  without  being  truly  calcined.  But 
becaufe  the  antimonial  bodies  juft  mentioned  will,  after  a while,  fly  a- 
way  in  a ftrong  fire  i and  becaufe  the  effluvia  of  cryftal  are  not  fo  fen- 
fible,  as  thofe  which  immediately  affeCt  our  eyes  or  noftrils  ; I will  here 
fubjoin  an  inftance,  which  will  render  others  needlefs  : for,  tho*  glafs  is 
able  to  endure  fo  vehement  a fire,  yet  I quickly  found,  that  by  rubbing 

two 
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Physics,  two  folid  pieces  of  it,  againfl  one  another,  they  would  not  only  yield  a 
fenfible,  but  a flrong  offenfive  odour. 

<The  at  mo-  And  as  the  fun  is  the  great  agent  of  nature,  in  the  planetary  world ; and 

^tTes'exdud  ^ince’  during  ^ie  fummer,  and  efpecially  at  noon,  and  in  fouthern  climates, 
by  gentle  beat,  his  heat  makes  many  bodies  have  little  atmofpheres,  that  we  cannot  conflant- 
ly  fo  well  difcern  •,  we  may  very  well  afcribe  atmofpheres  to  luch  bodies, 
as  have  them  from  the  fun’s  influence  •,  and  allow  the  like  to  fuch  other  bo- 
dies, as  will  perform  the  things  ufually  afcribed  to  effluvia,  when  yet  they  are 
excited  but  by  an  external  heat,  which  exceeds  not  that  of  the  clear  fun. 
Of  thefe  two  forts,  I fhall  give  but  two  examples. 

To  fhew,  that  the  particular  and  ufual  manner  of  exciting 
eledtrical  bodies,  by  rubbing  them,  is  not  always  neceflfary  ; I took 
a large  piece  of  good  amber,  and  having  in  a fummer’s  morning, 
whilft  the  air  was  yet  cold,  tryed,  that  it  would  not,  without  being  ex- 
cited, attradl  a light  body,  I removed  it  into  the  fun-beams,  till  they 
had  made  it  moderately  hot  ; and  then  found,  it  had  acquired  an  at- 
tractive virtue  *,  and  that  not  only  in  one  particular  place,  as  when  it 
is  excited  by  rubbing,  but  in  feveral  diflant  places  at  once  •,  fo  that  even 
in  our  climate,  a folid  body  may  quickly  acquire  an  atmofphere  by  the 
prefence  of  the  fun,  and  that  long  before  the  warmefl  part  of  the  day.  I 
alfo  took  a little  fmall  thick  veflel  of  glafs,  and  held  it  near  the  fire,  till 
it  had  got  a convenient  degree  of  heat,  whereby  it  became  attractive,  as 
that  of  the  fun’s  heat  had  rendered  the  amber.  Hence  it  feems  deducible,  that 
many  confident  bodies,  whether  animal,  vegetable,  or  mineral,  may  emit 
effluvia *,  and  that  even  fuch  as  are  folid  may  refpeCtively  have  their  little 
Many  more  atmofpheres.  And  feveral  things  induce  me  to  believe,  that  there  are 
bodies  may  e-  many  more  bodies  of  the  like  nature.  For,  very  few  have  had  the  cu~ 
mit  effluvia,  riofity  to  make  ufe  of  nice  fcales,  to  examine  the  expirations  of  inani- 
‘theiratmo  mate  bodies*,  but  if  they  fhall  hereafter,  they  will  doubtlefs  find,  that  fome 
fpberes,  than  bodies,  not  yet  known  to  yield  exhalations,  afford  them  ; and  that  many 
is  ufually  ima-  others  part  with  far  more  than  is  ufually  imagined.  Who  would  have 
girid.  thought,  that  fo  extremely  a cold  body  as  a folid  piece  of  ice,  fhould 
plentifully  evaporate  in  the  cold  air  of  a freezing  night  *,  or  that  a piece 

of  wood,  which  had  long  lain  in  the  houfe,  and  was  light  enough  to 

be  conveniently  hung,  for  a long  time,  at  a very  exaCt  balance,  fhould, 
in  lefs  than  a minute,  breathe  out  fleams  enough  to  make  the  fcales 
manifeftly  turn,  and  that  in  the  winter?  But,  fuppofmg  fuch  trials, 
made  with  good  inflruments  for  weighing ; though  it  is  certain,  that  in 
Bodies  may  cafe  the  expofed  body  grows  lighter,  fomething  exhales  from  it  j yet  it 

exhale,  with-  will  not  follow,  if  no  diminution  of  weight  be  difcovered  by  the  in- 

out  manifejl-  flrument,  that  nothing  corporeal  recedes  from  it.  For  though  the  load - 
weight*  ftone  be  concluded  to  have  conflantly  about  it  a great  multitude  of 
magnetical  effluvia,  which  may  be  called  its  atmofphere ; yet  it  hath 
not  been  obferved  to  lofe  of  its  weight  by  the  avolation  of  fo  many 
corpufcles  *,  and  though  good  amber-greafe  be  conflantly  furrounded  by 
a large  atmofphere,  the  wafte  of  it  is  furprizingly  fmall.  If  it  be  faid, 

that 
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that  in  length  of  time,  a decreafe  of  weight  may  appear  in  bodies,  Physics. 
that  dilcover  none  in  a few  hours  or  days ; the  objection,  if  granted, 
does  not  affedt  our  doctrine : it  is  fufEcient  for  us  to  have  proved, 
that  the  effluvia  of  fome  bodies  may  be  fubtile  enough,  not  to  make  thofe 
bodies,  by  their  avolation,  appear  lighter  in  fhort  (tatical  trials.  And 
for  ought  we  know,  the  decreafe  of  bodies  in  ftatical  experiments,  long 
continued,  may  be  greater,  than  even  nice  fcales  will  difcover ; for  how 
are  we  fure,  that  the  weights  themfelves,  which  are  commonly  made  of 
brafs,  may  not,  in  tra<5t  of  time,  fuffer  a little  diminution,  as  well  as  the 
bodies  counterpoifed  by  them  ? And  no  man,  I think,  has  yet  tried, 
whether  glafs,  and  even  gold,  may  not  in  length  of  time,  lofe  of  their 
weight  *,  which  in  cafe  they  fhould  do,  it  would  not  be  eafily  difcovered, 
unlefs  we  had  bodies  that  were  perfedtly  fixed  •,  by  comparing  them  where- 
to we  might  be  better  affifted,  than  by  comparing  them  with  brafs  weights, 
or  the  like,  which,  being  themfelves  lefs  fixed,  will  lofe.  more  than  gold  or 
glafs. 

Laftly,  there  may  be  feveral  other  ways,  befides  the  ftatical,  of  dif-  ^er  *”*3* 
covering  the  effluvia  of  folid  bodies  •,  and  confequently  of  fhewing  it  un-  tieal\fdif- 
fafe  to  conclude,  that  becaufe  their  operation  is  not  conftant  or  mani-  covering 
feft,  fuch  bodies  never  emit  any  effluvia  at  all  •,  and  fo  are  unable  to  the  effluvia  of 
work,  by  their  means,  on  any  other  body,  though  never  fo  well  difpo -AM  bodies. 
fed  to  receive  their  adtion.  And  this  I the  rather  obferve,  becaufe  my 
principal  defign  was  here  to  illuftrate  the  dodtrine  of  occult  qualities. 

It  may  conduce  to  explain  feveral  of  them,  to  know  that  fome  particular 
bodies  emit  effluvia,  though  perhaps  they  do  it  not  conftantly  and  uni- 
formly ; and  tho*  perhaps  too,  they  appear  not  to  have  emitted  any  at  all, 
if  examin’d  after  the  fame  manner,  with  other  exhalable  bodies •,  but  only 
may  be  made  to  emit  them  by  fome  determinate  operation  on  another 
fingle  body,  or  fmall  number  of  bodies.  Without  trial,  one  would  not 
think,  that  from  glafs  there  could,  by  rubbing,  be  obtained  fuch  fteams, 
as  to  offend  the  noftrils.  Nor  fiiould  we  eafily  believe,  if  experience 
did  not  affure  us,  that  a diamond  will,  by  a little  rubbing,  be  made  to 
part  with  eledtrical  effluvia.  Nay,  I once  had  a diamond  unpolifh’d, 
uncut,  and  not  much  bigger  than  a large  pea,  whofe  eledtrical 
virtue  was  eafily  excited,  by  barely  paffing  my  fingers  over  it  to 
wipe  it : and  if,  as  foon  as  I had  taken  it  out  of  my  pocket,  I ap- 
plied an  hair  to  it,  tho’  I touched  not  the  (lone  with  my  fingers,  that 
I might  be  fure  not  to  rub  it,  that  hair  would  be  attradled,  at  fome 
diftance,  for  feveral  times  fucceffively  *,  efpecially  by  one  of  the  fides  of 
the  (tone:  and  tho*  this  excitation  of  the  diamond  feemed  to  proceed 
only  from  the  warmth  it  had  acquired  in  my  pocket ; yet  I did  not  find 
this  warmth,  tho*  it  feemed  not  to  be  altered,  had  always  the  fame  ef- 
fedt  on  it ; but  the  wiping  it  with  my  finger  failed  not  to  excite  it. 

Something  like  this  uncertainty  I always  obferved  in  another  diamond, 
which  was  much  nobler,  and  very  well  poliflied ; and  alfo  in  a fmall 
ruby,  which  fometimes  would  prove  confiderably  eledtrical,  without  be- 
Vol.  I.  F f f ing 


402 


Effluvia. 


Physics. 


ing  rubbed,  when  I but  wore  the  ring  it  belonged  to,  on  my  finger  ; and 
fometimes,  again,  it  feemed  to  have  loft  that  virtue,  without  my  knowing 
whence  fuch  a change  fhould  proceed.  I have  feen  a ftone,  which  I 
fhould  have  judged  to  be  agate,  and  confequently,  have  thought,  that 
it  could  not  communicate  medicinal  effluvia,  fitted  to  flop  bleeding,  if  the 
wearer  of  it  had  not  been  fubjedl  thereto  ; and  often  cured  both  himfelf 
and  others,  by  wearing  this  ftone  about  the  neck  ; and  if  he  left  it  off,  as 
fometimes  he  did  for  trial-fake,  that  would  in  a few  days  return.  And  it 
would  probably  have  never  been  fufpe&ed,  that  fo  ponderous  and  fo- 
lid  a body  as  the  load-ftone,  fhould  be  furrounded  by  an  atmo- 
fphere,  if  iron  had  been  a fear ce  mineral  ; and  had  not  chanced  to 
have  been  placed  near  it.  And  fince  folid  bodies  may  have  conftant 
atmofpheres  about  them,  and  yet  not  difeover,  that  they  have  them, 
but  by  their  operation  upon  one  particular  body,  or  thofe  few  which 
participate  of  it  ; and  fince  there  are,  already,  very  different  ways, 
whereby  bodies  may  appear  exhalable  j it  is  not  unlikely,  that  more 
bodies  will,  by  degrees,  be  found  to  emit  effluvia,  as  more  ways  of  dif* 
coveringthat  they  do  fo,  fhall,  either  by  chance  or  induftry,  be  brought  to 
light. 
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WHETHER  we  fuppofe,  with  the  ancient  and  modern  atomiffs, 
that  all  fenfible  bodies  are  made  up  of  indivifible  corpufcles  ; or 
whether,  with  Arifiotle  and  the  Cartefians , we  grant  matter,  like 
quantity,  to  be  indefinitely  divifible  ; the  effluvia  of  bodies  may  confift  of 
particles  extremely  fmall.  According  to  the  opinion  of  Arijlotle  and  Des - 
Cartes , no  flop  can  be  put  to  the  fubdivifion  of  matter ; and  though  the 
Epicurean  hypothefis  will  have  it  terminate  in  certain  folid  corpufcles, 
which,  for  their  not  being  further  divifible,  are  called  atoms  ; yet  the 
afTertors  of  thefe,  juffly  think  themfelves  injured,  when  they  are  charged 
with  taking  the  motes,  that  float  in  the  fun-beams,  for  their  atoms  * 
fince,  according  to  thefe  philofophers,  one  of  thofe  little  grains  of  duff, 
that  is  vifible,  only  when  it  plays  in  the  fun-beams,  may  be  compofed 
of  a multitude  of  atoms,  and  exceed  many  thoufands  of  them  in  bulk. 
This  the  learned  Gajfendus  makes  probable,  by  the  inflance  of  a fmall 
mite  *,  which,  tho*  fcarce  diffindlly  vifible  to  the  naked  eye  *,  yet  in  a mi- 
crolcope  appears  to  be  a compleat  animal,  furnifhed  with  all  neceflary 
parts  *,  and,  I have  often,  in  cheefe-mites,  very  diftin&ly  feen  the  hair 
growing  upon  their  legs.  Thus  much  may  ferve  to  fhew,  that  the  wonder- 
ful minutenefs,  I fhall  hereafter  afcribe  to  effluvia,  is  not  inconfiffent  with 
the  molt  received  theories  of  natural  iff  s : otherwife,  the  proofs  I mean  to 
employ,  muff  be  taken,  not  d priori , but  a pojteriori. 

Now,  the  experiments  and  obfervations,  to  be  ufed  on  this  occafion, 
will  be  chiefly  fuch  as  are  referable  to  the  following  heads. 

i.  Theftrange  extenfibility  of  fome  bodies,  whi Iff  yet  their  parts  remain 
tangible. 

2.  The  multitude  of  vifible  corpufcles,  that  may  be  afforded  by  a fmall 
portion  of  matter. 
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Physics.  3.  The  minutenefs  of  the  pores  at  which  the  effluvia  of  fbme  bodies  will 

4,  The  fmall  decreafe  of  bulk,  or  weight,  that  a body  may  fuffer  by  the 
lofs  of  numerous  effluvia. 

5.  The  great  quantity  of  fpace  that  may,  as  to  fenfe,  be  filled  by  a fmall 
quantity  of  rarified  matter. 

<The  ftrange  Among  many  things  that  are  grofs  enough  to  be  the  objects  of  touch, 

fubtilty  of  ef-  and  to  be  managed  with  our  hands,  there  are  fome  which  may  help  us  to 
^“ueTfrom  the  conce^ve  a wonderful  minutenefs  in  the  fmall  parts  they  confifl  of.  T 
%en{fs°f  ft-  procured  filver,  whofe  dublility  is  very  much  inferior  to  that  of  gold, 
wr  wire.  to  be  drawn  out  to  fo  (lender  a wire,  that  when  it  was  accurately  mea- 
fured,  nine  yards  thereof  weighed  but  about  a grain,  in  a very  tender  ba- 
lance. And  fince  experience  informs  us,  that  half  an  Englijh  inch  may, 
by  diagonal  lines,  be  divided  into  100  parts,  capable  of  being  eafily  di- 
ftinguifhed  for  mechanical  ufes  ; it  follows,  that  a grain  of  this  fiver 
wire  may  be  divided  into  64,800  parts ; and  yet  each  of  thefe  will  be  a 
true  metalline  cylinder,  which  we  may  very  well  conceive  to  confifl  of 
Gilt  wire.  a multitude  of  minuter  parts.  For,  tho’  I cou’d  procure  no  gilt  wire 
near  fo  fender  as  our  filver  wire  ; yet  a grain  of  fome  I had  by  me,  was 
fourteen  feet  long  : at  which  rate,  an  ounce  wou’d  reach  about  a mile. 
And  if  we  fuppofe  the  gilt  wire,  as  in  probability  it  might  have  been 
drawn,  as  (lender  as  the  filver  wire  •,  the  inftance  will  be  (till  far  more  confi- 
derable  : for  in  this  cafe,  each  of  thofe  little  cylinders,  of  which  64,800  go 
to  make  up  one  grain,  will  have  a fuperficial  area,  which,  except  at  the 
bafes,  is  cover’d  with  a cafe  of  gold,  that  is  not  only  feparable  from 
it  by  a mental  operation,  but,  perhaps,  alfo  by  a chymical  one.  For, 
I remember,  that  from  very  fender  gilt  wire,  tho’  I could  procure  none 
fo  fender  as  this  of  mere  filver,  I more  than  once  got  out  the  filver  ; fo 
that  the  golden  films,  whilft  they  were  in  a liquor  that  plump’d  them 
up,  feem’d  to  be  folid  wires  of  gold  ; but  when  the  liquor  was  with- 
drawn, they  appeared  oblong  and  extremely  thin  double  mem- 
branes of  the  metal ; which,  with  a fine  inftrument,  might  have  been 
ripp’d  open,  difplay’d,  and  made  capable  of  further  divifions  and  fub- 
divifions.  But  tho’  each  of  the  little  filver  cylinders,  juft  mention’d, 
muft  not  only  have  its  little  area,  but  its  folidity  •,  yet  1 faw  no  rea- 
fon  to  doubt,  that  it  might  be  very  poftible  to  have  drawn  the  fame 
quantity  of  metal  to  a much  greater  length  *,  fince  even  an  animal  fub- 
fiance  is  capable  of  being  brought  to  a fiendernefs  much  furpafflng  that 
ZUhen threads,  of  our  wire.  An  ingenious  gentlewoman  of  my  acquaintance,  who  kept 
filk-worms,  had  once  the  curiofity  to  draw  out  one  of  the  oval  cafes  they 
fpin,  into  all  the  filken  wire  it  was  made  up  of  \ which  appear’d  in  mea- 
fure,  to  be  much  above  300  yards,  yet  weigh’d  but  two  grains  and  a half ; 
fo  that  each  cylindrical  grain  of  filk  may  well  be  reckon’d  to  be,  at  lead, 
120  yards  long. 

Leaf  gold.  We  took  fix  leaves  of  beaten  gold,  and  fingly  meafuring  them  with  a 

rule,  purpofely  made  for  nice  experiments,  we  found  them  to  have  a greater 

equa 
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equality  in  dimenfons,  and  to  be  nearer  true  fquares  than  could  be  Physics 
well  expected : the  fide  of  the  fquare  was,  in  each  of  them,  exactly  three 
inches  and  a quarter  •,  which  number  being  reduced  to  a decimal  fradlion 
viz.  3.25  and  multiply’d  by  it  felf,  affords  10.5625  for  the  area  of  the 
fix  leaves.  Thefe  being  carefully  weigh’d,  in  a pair  of  tender  fcales, 
amounted,  all  of  them,  to  one  grain  and  a quarter  ; and  fo  one  grain 
of  this  leaf-gold  was  extended  to  fomewhat  above  50  inches  ; which  dif- 
fer’d, but  about  a fifth  part,  from  an  experiment  of  the  like  nature  that 
I made,  many  years  ago,  in  a pair  of  exadt  fcales : and  fo  fmall  a diffe- 
rence may  very  well  be  imputed  to  that  of  the  pains  and  diligence  of  the 
gold-beaters,  who  do  not  always  work  with  equal  flrength  and  fkill  ; nor 
upon  equally  fine  and  dudtile  gold.  Now,  fuppofing  an  inch,  divided  in- 
to an  hundred  fenfible  parts,  to  be  applied  to  each  fide  of  a lquare  inch 
of  this  leaf-gold  ; *tis  manifeft,  that  by  fine  parallel  lines,  drawn  between 
all  the  oppofite  points,  a grain  of  gold  muft  be  divifible  into  five  hundred 
thoufand  very  minute  fquares,  but  yet  difcernable  by  a fharp  eye.  And  if 
we  fuppofe  the  inch  divided  into  two  hundred  parts ; the  number  of  the 
fquares,  into  which  a fingle  grain  is  capable  of  being  divided,  will  amount 
to  no  lefs  than  two  millions. 

There  is  yet  another  way  to  fhew  the  great  divifibility  of  gold.  A re-  <rke  fmall 
finer,  with  whom  I ufed  to  deal,  informed  me,  that  to  an  ounce  of  filver  quantity  0f 
he  commonly  allow’d  eight  grains  of  gold,  when  it  was  to  be  drawn  into^^'w’^ 
well -gilt  wire,  as  (lender  as  a hair  j but  that  if  it  were  to  be  more  flight-  t0  ^ldfti<ver 
ly  gilt,  fix  grains  would  ferve  the  turn.  He  alfo  (hewed  me  a fair  cylin-  w,r*‘ 
drical  bar  of  filver,  as  it  was  at  firfl  gilt,  whereon  the  leaf-gold  that 
overlaid  the  furface  did  not  appear  to  be,  by  odds,  fo  thick  as  fine  Ve- 
netian paper  *,  yet  comparing  this  with  gilt  wire,  the  wire  appear’d  to  be 
the  better  gilt  of  the  two  * pofiibly  becaufe  the  gold,  in  palfing  thro’  the  va- 
rious holes  in  the  making,  was,  by  the  fides  of  them,  not  only  extended, 
but  polifh’d  ; which  made  it  look  more  vividly  than  the  unpolifh’d  leaves 
that  gilt  the  ingot.  So  that,  if  we  fuppofe  an  ounce  of  the  gilt  wire 
lately  mention’d,  to  have  been  gilt  with  fix  grains  of  leaf-gold,  it  will  ap- 
pear, by  an  eafy  calculation,  that,  at  this  rate,  one  ounce  of  gold,  employ’d 
in  gilding  wire  of  that  finenefs,  would  reach  between  ninety  and  a hundred 
miles.  But  if  we  further  fuppofe,  that  the  (lender  filver  wire,  firfl  men- 
tion’d, were  gilt  i tho’  we  fhould  allow  it  to  have  not  fix,  but  eight  grains 
of  leaf-gold  to  an  ounce  of  filver ; it  mufl  be  acknowledg’d,  that  an  hol- 
low cylinder  of  gold,  weighing  but  eight  grains,  may  be  flretch’d  fo  as 
to  reach  as  far  as  fixty  times  its  weight  of  filver  wire,  which  it  covers ; 
and  confequently,  a grain  of  that  wire  having  been  found  to  be  27  feet 
long,  an  ounce  of  gold  Vvould  reach  155  miles,  and  above  an  half.  And 
if  we  yet  further  fuppofe  this  hollow  cylinder  of  gold  to  be  flit  along,  and 
cut  into  as  (lender  lifts  as  pofftble  *,  we  cannot  deny  that  the  gold  may  be 
made  to  reach  a ftupendous  length. 

To  this  view  of  the  minutenefs  of  tangible  obje&s,  ’twill  be  proper 
to  fubjoin  fome  inftances  of  the  fmallnefs  of  fuch  as  ftill  continue  vi- 
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Physics,  Able.  But  as  thefe  corpufcles  are,  fingly,  too  little  to  have  any  commo* 
^ meafure  applied  to  any  of  them  ; we  muft  eftimate  their  minutenefs  by  the 
number  of  thofe  into  which  a fmall  portion  or  fragment  of  matter  may  be 
adtually  divided ; the  multitude  of  thefe,  being  afforded  by  fo  inconfider- 
able  a quantity  of  matter,  fufficiently  declaring  that  each  of  them,  in  parti- 
cular, muft  be  furprizingly  little. 

rapfac'  Water,  tho’  granted  to  confift  of  grofs  particles,  in  comparifon  of  the  fpi- 
^ur^dintT  * v ituous  and  odoriferous  ones  of  feveral  other  liquors,  as  pure  fpirit  of  wine, 
vapour.  &c.  yet  to  fhew  that  a fmall  quantity  of  it  may  be  difperfed  into  a multitude 
of  manifeftly  vifible  corpufcles,  I more  than  once  tried  the  rarifa&ion  of  it 
into  vapours,  by  help  of  an  aeolipile,  wherewith,  when  I made  the  experi- 
ment the  laft  time,  the  event  proved  as  follows: 

We  put  an  ounce  of  common  water  into  an  aeolipile,  and  having  fet 
it  upon  a chafing-difh  of  coals,  we  obferved  the  time  when  the  ftream 
of  vapour  began  to  be  manifeft.  This  ftream  was  for  a confidera- 
ble  time  impetuous,  as  appear’d  by  the  noife  it  made,  which  would 
be  much  increas’d,  if  we  applied  to  it,  at  a convenient  diftance,  a 
kindled  brand,  whereof  it  would  blow  up  the  fire  very  vehemently. 
The  ftream  continued  for  about  a quarter  of  an  hour,  but  afterwards 
the  wind  had  paufes  and  gufts  for  two  or  three  minutes,  before  it 
quite  ceas’d.  And  by  reafon  of  the  fhape  of  the  aeolipile,  a great  por- 
tion of  the  vapours  condens’d  in  the  upper  part  of  it,  and  fell  down 
in  drops  *,  fo  that,  fuppofmg  they  alfo  had  come  out  in  the  form  of  wind, 
and  the  blaft  had  not  been  intermitted  towards  the  latter  end,  I guefs’d 
it  might  have  continu’d,  uninterruptedly,  for  18  or  20  minutes.  And  by 
applying  a meafure  to  thefmoke,  that  came  out  very  vifible,  in  a form  al- 
moft  conical,  where  it  feem’d  to  have  an  inch  or  more  in  diameter  j it  ap- 
pear’d to  be  diftant  from  the  orifice  of  the  ^eolipile,  about  20  inches,  and 
five  or  fix  inches  beyond  that,  tho*  it  were  fpread  fo  much  as  to  have  four 
or  five  inches  in  diameter,  yet  the  irregular  coherent  clouds  were  manifeft- 
ly confpicuous. 

<lhe  rarifac - After  the  rarifatftion  of  water  turn’d  to  a vapour,  we  may  confider  that 

tion  of  fenvelt  of  fewel,  when  ’tis  turn’d  into  flame. 

turtid  to 
Jlame. 


Having  often  burn’d  fpirit  of  wine,  and  alfo-  oil,  in  glafs  lamps,  fo 
made,  that  the  furface  of  the  liquors  ftill  continued  circular ; ’twas  eafy 
to  obferve,  how  little  the  liquor  would  fubfide  by  the  wafte  that  was 
made  of  it  in  about  half  a quarter  of  an  hour.  Yet,  if  we  confider,  that 
the  naked  eye,  after  fome  exercife,  may,  as  I have  often  try’d,  difeern 
the  motions  of  a pendulum,  that  fwings  faft  enough  to  divide  a Angle 
minute  into  240  parts ; and  confequently  half  a quarter  of  an  hour  into 
1800  parts.*,  if  we  alfo  confider  into  how  many  parts  of  the  time  em- 
ploy’d by  a pendulum,  the  vibrations,  flow  enough  to  be  difcernible  to 
the  eye,  may  be,  mentally,  fubdivided  •,  and  if  we  further  confider,  that 
without  intermiflion,  the  oil  is  prey’d  upon  by  an  actual  flame,  and  that  the 
particles  of  it  continually  furnifh  a confiderable  ftream  of  fhining  mat- 
ter, which,  with  a ftrange  celerity,  is  always, flying  away  j we  may  very 

well 
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well  conceive  that  thofe  parts  of  flame,  into  which  the  oil  is  turn’d,  are  Physics. 
furprifingly  minute  ; fince,  tho’  the  wafting  of  the  oil  is  in  its  progrefs 
too  flow  to  be  perceiv’d  by  the  eye  ; yet  ’tis  certain,  there  is  a continual 
decreafe  of  its  depth,  its  phyfical  furfaces  being  continually  and  fucceflively 
attenuated  and  turned  into  flame*.  And  the  ftrange  fubtilty  of  the  corpuf- 
cles  of  flame  might  be  more  ftrongly  argued,  if  we  fhould  fuppofe,  that, 
inftead  of  common  oil,  the  flame  were  nourifh’d,  as  ’tis  poflible,  by  a few- 
el  much  more  compact  and  durable. 

Having,  in  a pair  of  tender  fcales,  carefully  weigh’d  out  half  a grain  Gun-powder 
of  gun-powder,  we  laid  it  on  a tile,  and  whelm’d  over  it  a veflel  of  glafs,  ^to  fmoke, 
with  a brafs  plate  to  cover  the  upper  orifice  of  it  •,  then  having  fired  the  andfiame- 
gun-powder,  we  obferved,  that  the  fmoke  of  it  darken’d,  and,  as  to  fenfe, 
fill’d  the  whole  cavity  of  the  glafs,  tho’  its  bafis  were  eight  inches,  its 
perpendicular  height  above  twenty,  and  its  figure  far  more  capacious 
than  if  it  were  conical.  And  this  fmoke,  not  containing  it  felf  within  the 
veflel,  iflfued  out  at  two  or  three  little  interftices,  that  were  purpofely 
left  between  the  orifice  of  the  veflel,  and  the  plate  that  lay  upon  it.  This 
cover  we  then  remov’d,  to  obferve  how  long  the  fmoke  would  continue  to 
afcend  ; which  we  found  it  would  do  for  about  half  a quarter  of  an  hour  ; 
and  during  near  half  that  time,  the  fmoke,  continually  afcending,  feem’d  to 
be,  at  its  going  out,  of  the  fame  diameter  with  the  orifice  at  which  it 
ifiued  ; and  it  wou’d  afcend  fometimes  a foot,  fometimes  half  a yard, 
fometimes  two  feet,  or  more,  into  the  air,  before  it  difpers’d  and  vanifti’d 
into  it. 

Now,  confidering  that  the  cavity  of  this  round  orifice  was  two  inches 
in  diameter,  how  many  myriads  of  vifible  corpufcles,  may  we  eafily 
conceive,  throng’d  out  at  fo  large  an  out-let,  in  the  time  above  mention’d ; 
fince  they  were  continually  thrufting  one  another  forwards  ? And  into  fo 
many  vifible  particles  of  fmoke,  muft  we  admit,  that  the  half  grain  of 
powder  was  ftiatter’d ; befides  thole  multitudes,  which,  having  been  turn’d 
into  a&ual  flame,  may,  probably,  be  fuppos’d  to  have  fuffer’d  a comminu- 
tion that  render’d  them  invilible.  And  to  Ihew  that  the  number  of  thefe 
fmall  particles  was  exceeding  great,  I caus’d  the  glafs  to  be  filled  with 
common  water,  and  found  it  to  contain  22  pints  *,  and  caufing  one  of 
thofe  meafures  of  that  fluid  to  be  weigh’d,  it  came  fo  near  fixteen 
ounces,  that  the  computation  of  the  whole  water  amounted  to,  at  leaft, 

160,000  grains,  and  confequently  320,000  half-grains.  To  which,  if 
we  add,  that  this  gun-powder  would  readily  fink  to  the  bottom  of  wa- 
ter, as  being  infpecie , probably,  twice  as  heavy  ; we  may  guefsthe  fpace, 
to  which  the  fmoke  reach’d,  exceeded  500,000  times  that  which  contain’d 
the  unfired  powder  *,  and  this,  tho’  the  fmoke  being  confin’d  in  the  veflel, 
was  thereby  kept  from  diffufing  it  felf  fo  far  as,  by  its  ftreaming  out,  it 
Ihou’d  feem  it  wou’d  have  done. 


* An  inch  of  candle,  when  converted  into  jlation,  in  his  Religious  Pkilofopher,  divided  into 
light,  is,  according  to  Dr.  Nieuwentjt' s calcu-  J 269,617,040  parts. 
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Effluvia. 

To  thefe  inftances,  from  inanimate  bodies,  I lhall  add  one  taken  from 
animals.  Thofe,  who  have,  from  time  to  time,  open’d  eggs  that  have  been 
brooded  upon  by  a hen,  cannot  but  have  obferved,  how  fmall  a proportion 
the  chick  bears  to  the  bulk  of  the  whole  egg  * when  that  which  Dr.  Har- 
vey calls  the  Punftum  fallens , difclofes  the  motion  of  the  heart,  and  the 
colour  of  the  blood  *,  and  that  even  about  the  feventh  or  eighth  day,  the 
whole  chick,  now  vifibly  form’d,  bears  no  great  proportion  to  the  whole 
egg,  which  is  to  fupply  it  with  aliment,  not  only  for  its  nourifhment,  but 
fpeedy  growth  for  many  days  after. 

Now,  having  feveral  times  found,  that  cheefe-mites  themfelves  are 
generated  of  eggs  ; if  we  conceive,  that  in  thefe  eggs,  as  in  or- 
dinary ones,  the  animal,  at  its  firft  formation,  bears  but  a fmall  pro- 
portion to  the  bulk  of  the  whole  egg  *,  the  remaining  part  being  to  fuf- 
fice  for  the  food  and  growth  of  the  embryo,  probably  for  a confidera- 
ble  time  *,  (fince,  if  an  ingenious  perfon,  whom  I defired  to  watch  them, 
did  not  mif-inform  me,  they  ufe  to  be  about  ten  or  twelve  days  in  hatch- 
ing *,)  and  as  this  whole  egg  it  felf  will  be  allowed  to  be  but  little,  with  re- 
gard to  the  mite  it  came  from  *,  how  extreamly  and  unimaginably  minute 
then,  may  we  fuppofe  thofe  parts  to  be,  that  make  up  the  alimental 
liquors,  and  even  the  fpirits,  that,  palling  through  the  nerves,  ferve  to 
move  the  limbs  and  organs  of  fenfe,  of  but,  as  it  were,  the  model  of  fuch 
an  animal,  as  when  it  refts,  wou’d  not  it  felf  be  vifible  to  the  naked 
eye  ? 

We  carefully  weigh’d,  in  a pair  of  tender  fcales,  one  grain  of  copper 
filings,  and  made  a folution  thereof  in  the  fpirit  of  fal-armoniac  *,  having 
found  by  former  trials,  that  this  menftruum  wou’d  give  a far  deeper 
blue  colour,  than  either  Aqua  fortis , or  Aqua  regia.  This  liquor,  of 
which  we  ufed  a large  portion,  that  all  the  copper  might  be  throughly 
difiolved,  we  put  into  a tall  cylindrical  glafs,  about  four  inches  in  dia- 
meter, and,  by  degrees,  pour’d  to  it  of  diddl’d  water,  which  is  more  proper, 
in  this  cafe,  than  common  water,  till  we  had  almoft  fill’d  the  glafs,  and 
faw  the  colour  grow  fomewhat  pale*,  and  then  we  warily  pour’d  this 
liquor  into  a conical  glafs,  that  it  might  be  the  more  eafy  to  fill  the 
vefiel  feveral  times  to  the  fame  height.  This  conical  glafs  we  filled 
to  a certain  mark,  four  times  fuccefiively  *,  weighing  it  and  the  liquor 
too,  as  often,  in  a pair  of  excellent  fcales,  purpofely  made  for  ftatical 
experiments  *,  and  which,  tho’  ftrong,  wou’d,  when  not  too  much  loaden, 
turn  with  about  one  grain.  Thefe  feveral  weights  of  the  glafs,  together 
with  the  contain’d  liquor,  we  added  together  *,  and  then  carefully  weigh- 
ing the  empty  glafs  again,  deduced  four  times  its  weight  from  the  fum, 
and  thereby  found  the  weight  of  the  liquor  alone  to  be  28,534  grains  \ 
fo  that  a grain  of  copper,  which  is  not  halffo  heavy  in  fpecie  as  fine  gold, 
communicated  a tin&ure  to  28,534  times  its  own  weight. 

But  as  the  defign  of  my  experiment  was  to  Ihew  into  what  a number 
of  parts  one  grain  of  copper  might  be  divided ; this  multitude  of  parts 
muft  be  eftimated  by  the  proportion,  not  fo  much  in  weight,  as  in  bulk, 
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of  the  tinging  metal  to  the  tinged  liquor  ; and  confequently,  fince  hy-  Physics. 
droftatical  trials  have  informed  me,  that  the  weight  of  copper  to  the 
weight  of  water*  of  the  fame  bulk,  is  nearly,  as  nine  to  one  •,  a grain  of 
copper  is  in  bignefs,  but  the  ninth  part  of  as  much  water  as  weighs  a 
grain  •,  and  fo  our  number  of  the  grains  of  tinged  water  muft  be  multi- 
plied by  nine,  to  give  us  the  proportion  between  the  tinging  and  tinged 
bodies ; that  is,  a fingle  grain  of  copper  gave  a bluenefs  to  above 
256,806  parts  of  limpid  water,  each  of  them  as  big  as  it.  Which,  tho* 
it  may  feem  fcarce  credible,  yet  I thought  fit  to  profecute  the  experi- 
ment farther,  by  pouring  all  the  liquor  out  of  the  tall  cylindrical  glafs 
into  another  clean  veflel,  whence  filling  the  conical  glafs  twice,  and 
emptying  it  as  often  into  the  fame  cylindrical  glafs,  the  third  time  I 
filled  the  conical  glafs  with  colourlefs  d'ftilled  water,  and  pouring  that  al- 
fo  into  the  cylindrical  glafs,  we  yet  found  the  mixed  liquor  to  have  a 
manifeft  bluenefs.  And,  laftly,  throwing  away  what  was  in  the  cylin- 
drical glafs,  we  poured  into  it  out  of  the  fame  conical  glafs,  equal  parts 
of  diftilled  colourlefs  water,  and  of  the  tinged  liquor,  we  had  formerly 
let  apart  in  the  clean  veflel,  and  found,  that  tho*  the  colour  were  very 
faint,  yet  an  attentive  eye  could  eafily  difcern  it  to  be  bluifh  * and  fo 
it  was  judged  by  a ftranger  who  was  brought  in  to  look  upon  it,  and  de- 
fired  to  fay  of  what  colour  he  thought  it:  whence  it  appears,  that  one 
grain  of  copper  was  able  to  impart  a colour  to  above  double  the  former 
quantity  of  water. 

This  experiment  I have  been  the  more  particular  in  relating,  both  be- 
caufe  it  is  new  and  becaufe  without  circumftances,  it  would  feem  as 
incredible  as  *tis  furprizing,  that  a portion  of  matter  fhould  be  able 
to  impart  a confpicuous  colour  to  above  256,806  times  its  bulk  of  wa- 
ter, and  a manifeft  tindture  to  above  385,200,  and  a faint,  but  yet 
difcernible  and  diftinguifliable  colour,  to  above  530,620  times  its  bulk  of 
water. 

We  alfo  took  a grain  of  refined  gold,  and  having  diftolved  it  without  Another  of  a 
heat,  in  a fufficient  quantity  of  good  Aqua  regia , we  put  to  it  about  two*^*7  - ‘ 

fpoonfulls  of  water;  and  then,  by  a thread,  we  hung  in  the  mixture  a fmall 
piece  of  a clean  metalline  body,  and  kept  it  fufpended  in  the  liquor  for 
many  hours.  By  this  means  we  obtained  a precipitate  of  a fine  deep 
colour,  fo  large  and  light,  that  it  was  a long  time  before  it  would  all 
fettle  to  the  bottom.  Then,  looking  upon  the  remaining  part  of  the 
fufpended  metalline  body,  we  found  it  fo  very  little  lefs  than  when  the 
whole  was  firft  put  in,  that  the  diminution  of  it  was  not  judged  to  a- 
mount  to  near  a grain.  By  which  experiment  it  appeared,  that  one 
grain  of  gold,  not  fwimming  in  parts  feparately  invifible,  as  in  folutions, 
but  reduced  to  a manifeft  powder,  feemed  to  make  a considerable  quanti- 
ty of  precipitate,  at  the  bottom  of  the  cylindrical  vial,  its  diameter,  a- 
bout  an  inch,  wherein  we  kept  it.  And  this  glafs,  being  a little  fha- 
ken,  the  precipitate  would  rife  like  mud,  and  be  fo  thoroughly  difperfed, 
in  the  form  of  a powder,  through  the  whole  body  of  the  liquor,  and  a 
Vol.  I.  Ggg  greater 
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Physics,  greater  quantity  of  water  added  to  it,  that  at  firft  it  feemed  opake* 
V/VN;  and,  after  fome  time,  appeared  like  a high  purple  folution.  So  that  one 
grain  of  gold,  (for  the  colour  fhew’d  there  was  fome  of  that  metal  in 
every  corpufcle  of  the  precipitate)  was  reduced  into  as  many  grains  of 
powder,  as  fufficed  to  lodge  themfelves  in  all  the  particles  of  vifible  fpace, 
contain’d  in  a mafs  of  two  ounces  of  water. 

inhnal  efP.u  ^ *s  deliver’d  by  approv’d  writers,  that  feveral  perfons,  by  barely 
JiTaffefifhe  holding  dry’d  cantharides,  for  fome  time,  in  their  hands,  have  felt  much 
human  body . pain  at  the  neck  of  the  bladder,  and  had  fome  other  urinary  parts  fenfibly 
injured  * which  effects  are  certainly  due  to  material  effluvia,  that  to  get 
into  the  mafs  of  blood,  mull  pafs  through  the  pores  of  the  fkin. 

Scaliger  relates,  that  in  his  country,  Gafcony , there  are  fuch  virulent 
fpiders,  that  if  a man  treads  upon  them  to  crufh  them,  their  poifon  will 
pafs  thro’  the  foies  of  his  lhoes  : and  Pifo , in  his  hiflory  of  Brazil , ha- 
ving fpoken  of  a venomous  fifh  of  that  country,  and  the  antidotes  he  had 
fuccefsfully  ufed  againft  its  poifon  j he  proceeds  to  another,  which,  he 
fays,  has  this  wonderful  property,  “ by  the  flighted:  touch  of  the  hand, 
“ or  even  of  the  foot  of  him  who  bruifes  it  through  the  fhoey  to 
“ caufe  a palfy,  and  a numbnefs,  like  the  European  torpedo,  tho’  Iefs 
“ lafling.” 

But  tho’  the  torpedo’s  affedling  the  firiker  at  a diflance,  feems  owing 
to  the  flupefadlive,  or  other  venomous  exhalations  ifiuing  from  the  ani- 
mal, irritated  by  the  ftroke,  and  breathed  in  together  with  the  air  they 
infect ; yet  their  benumbing  or  otherwife  affedling  the  arm  that  ftruck 
it,  rather  than  any  other  part,  feems  to  argue  that  the  poilonous  fleams 
get  in  at  the  pores  of  the  fkin  of  the  limb,  and  fo  flupefy,  or  other- 
wife  injure  the  nervous  or  mufcular  parts  of  it*.  But  that  fome  ef- 
fluvia, even  of  folid  bodies,  may  be  fubtile  enough  to  pafs  the  pores  of 
the  clofefl  fubflances,  appears  from  thofe  of  the  load-flone,  which  are,  by 
Even  the  efflu-  m^gnetical  writers,  faid  to  penetrate,  without  refiflance,  all  kinds  of  bodies. 
■-via  of  foli ds  And  tho’  I have  not  tried  this  in  all  forts,  yet  having  found  it  true  in 
may  penetrate  metals,  I am  apt  to  think  the  general  rule  admits  of  very  few  exceptions  ^ 
fohds.  efpecially  if  that  can  be  fully  made  out,  which  is  affirmed  about  the  per- 

vioufnefs  of  glafs  thereto.  For  glafs  is  generally  reputed  to  be  as 
clofe  a body,  as  any  in  nature  ; and,  I have,,  by  trials,  purpofely  made* 
had  occafion  to  admire  the  clofeneis  of  very  thin  pieces  of  it.  But  in 
dials  and  fea-compaffes,  which  are  covered  with  plates  of  glafs,  it  will  be 
pretended,  that  the  needle  may  be  readily  moved  by  a load-flone  held 
over  it  •,  becaufe  thefe  plates  being  commonly  fallened  only  with  wax, 
or  at  belt  with  cement,  the  magnetical  effluvia  pafs  not  through  the 
glafs,  but  through  that  much  more  pervious  matter  employ’d  to  fe- 
cure  the  jundtures,  only,  from  the  entrance  of  the  air.  To  clear  this  mat- 


* The  numbnefs  occafioned  by  the  torpedo 
proceeds  from  nothing  more  than  an  exceeding 
fwift  ftroke,  which  the  creature  ufually  gives, 
in  order  to  kill  or  ftupefy  its  prey,  by  means 
of  two  particular  mufcles,  whofe  office  it  is ; 


whence  the  nerves  are,  by  a communication  of 
this  motion,  affetted  in  a peculiar  manner. 
M.  Reaumur  gives  a very  full  account  of  this 
matter  in  the  French  Memoir /,  A . 1714./.  447. 
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ter,  I caufed  fome  needles  to  he  hermetically  fealed  up  in  glafs  pipes,  Physics. 
which  being  laid  upon  the  furface  of  water,  whereon  they  would  light- 
ly  float,  the  included  needles  did  not  only  readily  anfv/er  to  the 
load-done  externally  applied,  tho’  a weak  one,  but  comply’d  with  it  fo 
well,  that  I could  eafily  lead,  without  touching  it,  the  whole  pipe  to 
what  part  of  the  furface  of  the  water  I pleafed.  I alfo  found,  that  by 
applying  a better  load-done  to  the  upper  part  of  the  fealed  pipe,  with  a 
needle  in  it,  I could  make  the  needle  leap  up  from  the  lower  part,  as  near 
to  the  load-done  as  the  interpofed  glafs  would  give  it  leave.  But  I 
thought  it  more  conflderable  to  manifed,  that  the  magnetical  effluvia 
even  of  fuch  a dull  body  as  the  globe  of  the  earth,  would  alfo  penetrate 
glafs.  And  this  I attempted  after  the  following  manner  : I took  a cy- 
lindrical piece  of  iron,  about  the  bignefs  of  one’s  little  finger,  and  between 
half  a foot  and  a foot  long  ; having  formerly  found  that  the  quantity  of 
unexcited  iron  forwards  its  operation  upon  excited  needles  •,  and  having  her- 
metically fealed  it  up  in  a glafs  pipe,  but  very  little  longer  than  it,  1 fup- 
pofed,  that  if  I held  it  in  a perpendicular  podure,  the  magnetical  effluvia 
,of  the  earth,  penetrating  the  glafs,  would  make  the  lower  extreme  of  the 
iron  anfwerable  to  the  north  pole ; and  therefore,  having  applied  this 
to  that  point  of  the  needle,  in  a dial  or  fea-compafs  which  looked  towards 
the  north,  I prefumed,  it  would  drive  it  away  ; which  accordingly  it 
did.  And  having  for  farther  trial  inverted  the  included  iron,  and  held 
it  in  a perpendicular  podure,  jud  under  the  fame  point,  that  extreme 
of  the  iron  rod,  which  before  had  driven  away  this  point,  being  by  inver- 
fion  become  a fouth  pole,  attra&ed  it ; from  which  fudden  change  of 
poles,  merely  upon  the  change  of  fituation,  it  alfo  appeared,  that  the 
iron  owed  its  virtue  only  to  the  magnetifm  of  the  earth  ; not  that  of  an- 
other load-done,  which  would  not  have  been  thus  eafily  alterable. 

Another  proof  of  the  great  fubtilty  of  effluvia,  arifes  from  the  fmall  de- 
creafe  of  weight  or  bulk  that  a body  may  fudain  by  parting  with  great 
numbers  of  them.  That  bodies  infufed  in  liquors  impregnate  them  with  Large effluvia 
new  qualities,  do  it  by  imparting  to  them  fomewhat  of  their  own  fub-  but  litt} 
dance,  will,  I prefume,  be  readily  granted  by  thofe,  who  conceive  not  0f 

how  one  body  fhould  communicate  to  another  a folitary  naked  quality,  ^bulkoflodt 
unaccompanied  by  any  thing  corporeal  to  fupport  and  convey  it.  Glafs  of 
antimony,  and  Crocus  Metallorum , being  either  of  them  infufed  in  a great 
proportion  of  wine,  will  make  it  vomitive  ; and  if  that  liquor  be  poured 
off,  and  new  put  on,  every  frefli  portion  of  it  will  be  impregnated  with 
the  fame  virtue ; and  this,  tho’  the  liquor  be  changed  abundance  of 
times  : yet  the  antimonial  glafs,  or  Crocus , are  faid  to  continue  the  fame, 
as  well  in  weight  as  virtue.  But  I doubt  whether  the  experiment  have 
been  exaftly  made  ; for  the  mod  ingenious  phyficians,  whom  I have 
quedioned  about  it,  acknowledg’d  the  tad,  and  fometimes  the  colour  of  the 
wine  to  be  altered,  by  the  infufed  mineral.  However,  flnce  after  repeated  in- 
fufions,  the  mineral  fubdance  is  not  yet  fenfibly  diminifhed  in  bulkor  virtue, 

’tis  a proper  indance  : for,  that  there  is  a powerful  emetic  quality  im- 
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Physics,  parted  to  the  liquor,  is  manifeft  by  experience  *,  and  that  the  mineral  does 
not  impart  this  virtue  by  irradiation,  as  Helmont  fpeaks,  but  by  fubftan- 
tial  efflux,  feems,  to  me,  very  probable ; not  only  becaufe  *tis  hard  to 
conceive  how  it  can  be  done  otherwife,  but  becaufe,  as  we  obferved,  the 
wine  often  changes  colour,  by  keeping  a competent  time  upon  the  mi- 
neral, as  if  it  drew  thence  a tincture : and,  even  when  it  is  not  difco- 
lour’d,  I think  it  unfafe  to  conclude,  that  the  menftruum  has  not  wrought 
upon  it  •,  for  I have  kept  good  fpirit  of  vinegar,  a confiderable  time, 
upon  finely  powdered  glafs  of  antimony,  made  $er  fe , without  finding 
this  fpirit  to  be  at  all  tinged  ; tho’  ’tis  known,  that  antimonial  glafs  is 
foluble  in  fpirit  of  vinegar,  as  mine  afterwards  appeared  to  be,  by  a 
longer  digeftion  in  the  fame  liquor.  But  there  may  be  a great  number 
of  minute  particles  difiolved  in  the  menftruum,  before  they  become  nu- 
merous enough  to  change  the  colour  of  it.  Thus,  tho*  too  great  a quan- 
tity of  the  prepared  antimony  be  put  into  the  liquor,  yet  it  will  not  be 
thereby  made  too  ftrongly  emetic.  For,  the  wine,  being  a menftruum, 
will,  like  other  menftrua,  be  impregnated  but  to  a certain  meafure,  with- 
out diftolving  the  overplus  of  the  matter  put  into  it.  And  fteel,  which  is 
a harder  and  heavier  body  than  glafs  of  antimony,  is  itfelf  in  part,  rea- 
dily foluble,  in  rhenifh,  or  other  white  wine,  and  fometimes  even  in 
water. 

’Tis  mentioned  by  Helmont , and  has  been  tried  by  more  than  one  of 
my  acquaintance,  that  mercury  imparts  to  water  or  wine,  wherein  it 
has  been  long  infufed  or  boiled,  the  faculty  of  deftroying  worms  j without 
fuffering  any  diminution  of  its  fubftance. 

Having,  in  a pair  of  exadt  fcales,  fufpended  a piece  of  ambergreafe, 
bigger  than  a walnut,  and  weighing  above  an  hundred  grains,  I could  not, 
in  three  days  and  an  half,  that  I had  opportunity  to  make  the  trial,  dis- 
cover any  decreafe  of  weight  *,  tho’  fo  rich  a perfume  lying  in  the  open 
air,  was  likely,  in  that  time,  to  have  parted  with  many  odoriferous  fteams. 
And,  awhile  after,  fufpending  a lump  of  Afafcetida , for  five  days  and 
a half,  I found  it  not  to  have  fuftained  any  difcernible  lofs  j tho’,  notwith- 
ftanding  the  unfavourable  cold  feafon,  it  had  about  it  an  atmofphere,  re- 
plenifh’d  with  fetid  exhalations:  and  when,  12  or  14  hours  after,  per- 
haps upon  fome  change  of  weather,  I came  to  look  upon  it,  tho’  I found 
the  equilibrium  fomewhat  alter’d,  yet  the  whole  lump  had  not  loft  half  a 
quarter  of  a grain  ; which  induced  me  to  think,  there  may,  perhaps, 
be  fteams  difcernible  by  our  noftriis,  that  are  far  more  fubtile  than  the 
odorous  exhalations  of  fpices.  For  having,  in  very  good  fcales,  fufpend- 
ed in  the  month  of  March , an  ounce  of  nutmegs,  they  loft,  in  about  fix 
days,  five  grains  and  a half ; and  an  ounce  of  cloves,  in  the  fime  time, 
loft  feven  grains  and  five  eighths. 

It  will  doubtlefs  render  it  more  probable,  that  a fmall  quantity  of  mat- 
ter being  fcattered  into  invifible  effluvia,  may  be  exceedingly  rarified  and 
expanded,  if  I can  fhew  that  it  may,  for  a confiderable  time,  emit  mul- 
titudes of  vifible  parts,  and  that  in  fo  clofe  an  order  among  themfelves, 

as 
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as  to  feem,  in  their  aggregate,  but  one  intire  liquor,  endow’d  with  a Physics. 
ftreaming  motion,  and  a diftintft  fuperficies,  wherein  no  interruption  is 
to  be  feen,  even  by  an  eye  placed  near  it.  I was  induced  to  devife  fuch 
an  experiment,  by  confidering,  that  all  the  total  difiolutions,  hitherto 
made  of  pigments,  have  been  in  liquors  naturally  cold,  and  confiding 
probably  of  much  lefs  fubtile,  and  certainly  of  much  lefs  agitated  parts, 
than  that  fluid  aggregate  of  Alining  matter,  we  call  flame  •,  whence  I ar- 
gued, that  if  I could  once  totally  diflblve  a body  compofed  of  parts,  fo 
minute  as  thofe  of  a metal,  into  actual  flame,  and  hufband  this  flame  fo, 
that  it  fhould  not  immediately  wafte,  I ftiould  thereby  diflblve  the  me- 
tal in  a far  more  fubtile  menftruum  than  common  water,  Aqua  fort  is , A- 
qua  regia , or  any  other  known  menftruum  I have  yet  employed : and 
confequently,  the  attenuation  of  the  metal,  in  this  fiery  menftruum, 
would  much  furpafs,  not  only  what  happens  in  ordinary  metalline 
folutions,  but  poflibly  alfo,  what  I have  noted  about  the  ftrange  dif- 
fufion  of  copper  diflolv’d  in  fpirit  of  fal-armoniac  and  water.  In  pro- 
fecution  of  this  defign,  I fo  prepared  one  Angle  grain  of  that  metal, 
as  to  diflblve  it  in  about  a fpoonful  of  an  appropriated  menftruum  ; 
and  having  caufed  a fmall  glafs  lamp  to  be  purpofely  blown  to  con- 
tain this  liquor,  and  fitted  it  with  a focket  and  wieck,  fo  that  it  burnt 
with  a large  flame,  and  very  hot,  tho*  without  confuming  the  wieck ; 
feeming  all  the  while  of  a greenifti  blue,  as  if  it  were  but  a finer 
and  fhining  folution  of  copper  ; yet  this  one  grain  of  prepared  me- 
tal tinged  the  flame  that  was  inceflantly  produced,  during  no  lefs  than 
half  an  hour  and  fix  minutes.  Now,  if  we  confider,  that  in  this 
flame  there  was  an  uninterrupted  fucceflion  of  multitudes  of  coloured  par- 
ticles, newly  extricated,  and  flying  off  in  every  of  thofe  many  parts,  where- 
in a minute  of  time  may  either  actually  or  mentally  be  divided  j if 
we  confider  flame  as  a light,  and  very  agitated  body,  pafling  with 
a ftream  upwards,  through  the  air ; and,  laftly,  if  we  only  regard  the 
quantity  of  liquor  that  would  run  through  a pipe  of  much  lefs  diame- 
ter than  that  flame,  within  the  compafs  of  the  faid  time ; what  a quanti- 
ty of  the  ftreaming  fluid,  we  call  flame,  if  it  could  have  been  preferved 
and  collected  into  one  body,  may  we  fuppofe  would  appear  to  have  iflued 
from  one  grain  of  copper,  in  the  fpace  of  36  minutes  ? And  what  a 
multitude  of  metalline  corpufcles  may  we  fuppofe  to  have  been  fupply’d 
to  tinge  that  flame  during  fo  long  a time?  fince  a cylindrical  ftream  of 
water,  falling  but  through  a very  fhort  pipe  of  glafs  conftantly  fupply’d 
with  liquor,  pafied  at  fuch  a rate,  that  though  the  aqueous  cylinder 
feemed  more  flender,  by  two  thirds,  than  the  flame  •,  yet  we  eft i mated, 
by  the  help  of  a minute- watch,  and  a good  pair  of  fcales,  that  the  wa- 
ter effluxed  in  36  minutes,  would  amount  to  above  72  pounds.  a large  uan 

The  laft  fort  of  inftances,  I fhall  produce,  to  fhew  the  ftrange  fubtilty  tity  of  fpace 
of  effluvia,  is,  of  fuch  as  difcover  the  great  quantity  of  fpace  that  may be  p°Ifef- 
may,  by  a fmall  quantity  of  matter,  when  rarified  and  difperfed,  be^^Jj  " 
either  filled,  as  to  fenfe,  or,  at  leaft,  made  the  fphere  of  its  activity.  rarijud mat . 

’Tis  ter. 
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*Tis  furprizing  to  obferve,  with  what  fagacity  fpaniels  take  notice  of, 
and  diflinguifh,  by  the  fcent,  the  places  where  partridges,  quails,  &c. 
have  lately  been  *,  and  I have  much  wondered  at  the  quick  nofe  of  an  ex- 
cellent fetting-dog,  who,  by  his  way  of  ranging,  and  other  motions,  e- 
fpecially  of  his  head,  would  not  only  intimate  to  us  the  kinds  of  game 
whofe  fcent  he  chanced  to  light  on,  but  difcover  to  us  where  partridges 
had  haunted,  feveral  hours  before  *,  and  afflfl  us  to  guefs  how  long  they 
had  been  gone  before  we  came. 

I have  heard  flrange  things,  in  Ireland , from  thofe  who  there  make  a 
gain  of  killing  of  wolves,  about  the  fagacity  of  that  peculiar  race  of  dogs 
they  employ  in  hunting  them.  But  not  milling  much  to  thofe  relators  ; 
a very  fober  and  difcreet  gentleman  of  my  acquaintance,  who  has  often 
occafion  to  employ  blood-hounds,  allures  me,  that  if  a man  have  but  paffed 
over  a field,  the  fcent  will  lie  fo  as  to  be  perceptible  to  a good  dog  of  that 
fort  for  feveral  hours  after.  And  an  ingenious  hunter  informs  me,  he  has 
obferved  that  the  fcent  of  a flying  and  heated  deer  will  fometimes  continue 
upon  the  ground  from  one  day  to  the  next. 

We  may  here  obferve,  i.  That  the  fubflance  left  upon  the  grafs  or 
ground  by  the  tranfient  tread  of  a partridge,  hare,  fs ?c.  probably  com- 
municates to  the  grafs,  or  ground,  but  fome  of  thofe  effluvia  that  tran- 
fpire  out  of  their  feet,  which  being  fmall  enough  to  efcape  the  difcern- 
ment  of  the  eye,  may,  probably,  not  amount  to  one  grain  in  weight,  or, 
perhaps,  not  to  the  tenth  part  of  it.  2.  That  the  parts  of  fluid  bodies 
are  perpetually  in  motion,  as  alfo  the  invifible  particles  that  fwim  in 
them,  as  may  appear  by  the  diflfolution  of  fait  or  fugar  in  water  •,  and 
the  wandering  of  aqueous  vapours  through  the  air,  even  when  the  eye 
perceives  them  not  : And,  3.  That  tho*  the  atmofphere  of  one  fmall  parcel 
of  this  exhaling  matter,  may  often  be  very  large,  in  comparifon  of  the  bo- 
dy which  throws  it  out  *,  as  may  be  guelfed  by  the  diflance  at  which 
fome  fetters  or  blood-hounds  will  find  the  fcent  of  a partridge  or  deer  •, 
yet  in  places  expofed  to  the  free  air  or  wind,  *tis  very  likely  that  thefe 
fleams  are  carried  away  from  their  fountain  to  maintain  the  foremen- 
tioned  atmofphere,  for  eight  or  more  hours  ; that  is,  as  long  as  the  fcent 
has  been  obferved  to  lie,  a continual  recruit  of  fucccefllve  fleams  is 
requifite.  And  fo  very  fmall  a portion  of  matter,  as  the  fumes  of 
thofe  fleams  may  be  fuppofed,  being  fenfibly  to  impregnate  an  atmofphere 
incomparably  greater  than  itfelf,  and  fupply  it  with  almofl  continual  re- 
cruits, we  cannot  but  think  the  fleams  it  parts  with,  mufl  be  extremely 
minute. 

We  may  farther  confider,  that  the  fubflances  which  emit  thefe  fleams, 
being  fuch  as  lately  belonged  to  animals,  and  were,  for  the  mofl  part, 
tranfpired  through  the  pores  of  their  feet,  mufl,  in  likelihood,  be  a far 
more  evaporable  and  diifipable  kind  of  bodies,  than  minerals  or  burnt 
vegetables,  fuch  as  gun-powder  is  made  of  •,  fo  that  if  the  grains  of  gun- 
powder emit  effluvia,  perceptible  to  the  fcent  of  fome  animals,  it  may 
be  probably  fuppofed,  that  the  fmall  grains  of  this  powder  will  continue 

much 
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much  longer  to  fupply  an  atmofphere  with  odorable  fleams,  than  the  cor-  Physics. 
pufcles  left  on  the  ground  by  tranfient  animals.  Now  tho’  it  be  gene- 
rally  allowed,  that  very  few  birds  have  the  fenfe  of  fmelling,  any  thing 
near  fo  quick  as  fetting-dogs,  or  blood-hounds  •,  yet  that  the  odour  of 
gun-powder,  efpecially  when  afiifled  by  the  fleams  of  the  Caput  mortuum 
of  powder,  formerly  fired  in  the  fame  gun,  may,  by  fowls,  be  fmelt  at  a 
confiderable  diflance,  particularly,  when  the  wind  blows  from  thence  to 
them  *,  I have  often  been  perfwaded,  from  my  own  experience  in  fhoot- 
ing  and  was  confirmed  in  that  opinion  by  fober  and  ingenious  perfons, 
much  exercifed  in  the  killing  of  wild  fowl,  and  other  creatures. 

There  is  an  obfervation  of  the  experienced  Julius  Palmarius , whence  Contagious  ef- 
we  learn  that  beafls  may  leave  upon  vegetables,  that  have  touched  their  fluvia. 
bodies  for  any  time,  fuch  corpufcles,  as  tho’  unheeded  by  other  animals, 
may,  when  eaten,  produce  in  them  the  difeafes  of  the  infe6led  animals  : 
for  this  author  writes,  in  his  ufeful  treatife  of  contagious  diflempers, 
that  he  obferved  horfes,  oxen,  fheep,  to  run  mad  upon  the  eating 

fome  of  the  flraw  on  which  mad  fwine  had  lain. 

But  the  effluvia  fmelt  by  animals  are,  tho’  invifible,  big  enough  to  be  the 
obje&s  of  fenfe  ; whence,  *tis  not  improbable,  that  among  the  fleams 
which  no  fenfe  can  immediately  perceive,  there  fhould  be  fome  far  more 
fubtile  than  thefe,  and  confequently  capable  of  furnifhing  an  atmofphere 
much  longer,  without  quite  exhaufling  the  effluviating  matter  that  af- 
forded them.  Forejlus  gives  us  an  example  of  peflilential  contagion  long 
preferved  in  a cobweb.  Alexander  Benedict  us  writes  alfo,  that  at  Venice 
a flock-bed  did,  for  many  years,  harbour  a pefliferous  malignity,  to  fuch 
a degree,  that  when,  afterwards,  it  came  to  be  beaten,  it  prefently  infec- 
ted the  by-flanders  with  the  plague.  And  Sennertus  relates,  that  in  the 
year  1542,  in  the  city  of  Brejlaw , where  he  afterwards  pra&ifed  phyfic, 
there  died  of  the  plague,  in  lefs  than  fix  months,  almofl  fix  thoufand 
men  *,  from  which  time,  the  peflilential  contagion  was  kept,  folded  up  in 
a linen  cloth,  about  14  years  •,  and  afterwards,  being  unfolded  in  an- 
other city,  it  began  a plague  there,  which  infe&ed,  alfo,  the  neighbouring 
towns,  and  other  places.  Trincavella  makes  mention  of  a yet  more  lafl- 
ing  contagion,  (which  occafioned  the  death  of  ten  thoufand  perfons)  that 
lay  lurking  in  feveral  ropes,  with  which,  at  Juftinopolis , thofe  who  dy’d 
of  the  plague  had  been  let  down  into  their  graves. 

*Tis,  indeed,  the  opinion  of  feveral  phyficians,  that  the  contagion 
cannot  lafl  above  twenty  days,  if  the  body,  it  adheres  to,  be  expo- 
fed  to  the  free  air  and  the  wind ; yet  a contagion  may,  fometimes, 
happen  to  be  much  more  tenacious  and  obflinate.  The  learned  Diemer- 
broeck  allures  us,  that  his  own  apothecary,  having  but  removed  with 
his  foot,  from  one  fide  to  the  other  of  a little  arbour,  fome  flraw  that  had 
lain  under  the  bed,  wherein,  about  eight  months  before,  a fervant  of  the 
apothecary’s,  who  recovered,  had  been  fick  of  the  plague  ^ the  infe£tious 
fleams  prefently  invaded  the  lower  part  of  his  leg,  and  there  produced  a 
pungent  pain,  and  a blifter,  which  turned  to  a peflilential  carbuncle,  that 

could 
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Physics,  could  icarce  be  cured  in  a fortnight;  tho’,  during  that  time,  the  patient 
were  neither  feverifh,  nor,  as  to  the  reft  of  his  body,  indifpos’d.  This 
memorable  inftance,  together  with  fome  other  of  the  like  kind,  that  our 
author  obferved,  extorted  from  him  this  confeffion.  “ Hence  the  do&rine 
“ of  phyficians,  as  to  the  contagion  lurking  in  a proper  fubje<5t,  receives 
“ a confirmation ; tho’  ’tis  furprizing  that  this  contagion  fhould  remain 
“ fo  long  in  the  ftraw  ; fince  it  had  been  expofed  to  the  wind  and  the 
cc  rain,  the  fnowand  the  cold  of  a whole  winter.” 

In  the  laft  place,  I fhall  obferve,  that  fuch  as  are  fkilful  in  perfuming 
of  gloves  imbue  them  with  but  an  inconfiderable  quantity  of  odoriferous 
matter  ; yet  I have  long  had  by  me  a pair  of  fpanifh  gloves,  which,  in 
different  hands  have  been  preferred  near  thirty  years ; yet  are,  at  pre- 
fent,  fo  well  fcented,  that  they  probably  will  continue  fragrant  for  many 
years  longer.  Now,  as  fuch  gloves  cannot  have  been  carried  from  one 
place  to  another,  or  fo  much  as  uncover’d  in  the  free  air,  without  dif- 
fufing  a fragrant  atmofphere  ; we  muft  conclude  thofe  odoriferous  fteams 
to  be  unimaginably  fubtile,  that  cou’d,  for  fo  long  a time,  iflue  out  in 
fuch  fwarms  from  a little  perfumed  matter  lodg’d  in  the  pores  of  a 
glove,  and  yet  leave  it  richly  flock’d  with  particles  of  the  fame  nature  ; 
tho’  I never,  fince  I had  them,  fo  much  as  fhut  them  up  in  a box. 


SECT.  II. 


Me great  effi-  F 8 AHOSE  who  truft  too  much  to  the  negative  information  of  their 
cacy  of  effu-  I fenfes,  without  fufficiently  confulting  their  reafon,  having  common- 
‘uui.  JL  1 y but  a flight  opinion  of  the  power  and  efficacy  of  effluvia  ; 

imagining  that  fuch  minute  corpufcles,  as  are  not  ufually  able  to  work 
upon  the  tendereft  and  quickeft  of  the  fenfes,  cannot  have  any  confide - 
rable  operation  upon  their  bodies.  But  this  fuppofition  is  as  ill  grounded 
as  it  is  prejudicial : for  tho’,  c at er is  paribus , the  greatnefs  of  bodies,  in  moft 
cafes,  contributes  to  that  of  their  effecft  upon  others  ; yet  matter  being 
in  its  own  precife  nature,  an  una6live  fubjedl,  one  part  of  the  mafs  a<fts 
upon  another,  only  upon  account  of  its  motion,  whofe  operations  are 
facilitated,  and  otherwife  diverfified  by  the  fhape,  fize,  fituation  and 
texture,  both  of  the  agent  and  of  the  patient.  And  therefore,  if  cor- 
pufcles, tho’  very  minute,  be  numerous  enough,  and  have  a competent 
degree  of  motion,  they  may,  efpecially  if  fitly  fhaped,  when  they  meet 
with  a body  difpofed  to  admit  them,  and  receive  their  impreffions,  per- 
form fuch  things  in  the  patient,  as  vifible  and  much  grofter  bodies,  but 
'The  federal  Efs  conveniently  fhaped  and  moved,  wou’d  be  utterly  unable  to 
ways  whereby  effe<5t. 

the  effluvia  of  There  are  at  leaft  fix  ways,  by  which  the  effluvia  of  a body  may  re- 
one1  f markably  operate  upon  another  ; as,  i.  By  the  great  number  of  cor- 
Tber  aU°'  Pufcles 
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pufcles  emitted.  2.  By  their  penetrating  and  pervading  nature.  3.  By  Physics. 
their  celerity,  and  other  modifications  of  their  motion.  4.  By  the  fit- 
nefs  and  indifpofition  of  their  bulk  and  fhape,  to  the  pores  of  the  bodies 
they  are  to  a£t  upon.  5.  By  the  motions  of  one  part  upon  another, 
which  they  excite,  or  occafion,  in  the  body  they  work  upon,  according 
to  its  ftruifture.  6.  By  the  fitnefs  and  power  they  have  to  make  them- 
felves  be  affifted,  in  their  operation,  by  the  more  general  agents  of  the  uni- 
verfe.  And  tho’  there  are  feveral  cafes,  wherein  a body,  that  emits  par- 
ticles, may  notably  affe<5l  another  body,  by  one  of  thefe  fingle  ways  ; yet 
the  great  effedts  are  ufually  produced  by  the  afiociation  of  two,  three,  or 
more  of  them  : fo  that  when  I infill  upon  one,  I mull:  not  be  underftood  to 
exclude  the  reft. 

Now,  fince,  as  we  have  feen,  the  effluvia  of  a body  may  be  extremely  mi-  The  number  of 
nute ; a ftnall  portion  of  matter  may,  confequently,  emit  great  multitudes  r^ent/ 
of  them  : and  that  the  number  of  agents  may,  in  many  cafes,  fupply  their  wLftl/bulk. 
want  of  bulk,  efpecially  where  they  jointly  adl,  or  refill,  appears  from 
fome  familiar  inftances. 

We  fee,  that  not  only  the  Idler  land- floods  that  overflow  the  neigh- 
bouring fields,  but  thofe  terrible  inundations,  which  fometimes  drown 
whole  countries,  are  made  by  bodies,  fingly  fo  fmall  and  inconfiderable 
as  drops  of  rain,  when  they  continue  to  fall  in  thofe  multitudes,  we  call 
Ihowers.  So  the  aggregates  of  fuch  minute  bodies,  as  grains  of  fand* 
being  heap’d  together  in  fufficient  numbers,  make  banks  whereby  the 
greateft  fhips  are  fometimes  fplit,  and,  in  moft  places,  the  fea  itfelf  is 
bounded.  And  tho’  a fingle  corn  of  gun-powder,  or  two  or  three  toge- 
ther, are  not  of  force  to  do  much  mifchief  j yet  two  or  three  barrels  of 
thofe  corns,  taking  fire  together,  are  able  to  perform  prodigious  things. 

Aqueous  vapours  are  look’d  upon  as  the  leaft  adtive  effluvia  we  know ; yet 
when  multitudes  of  them  are,  in  rainy  weather,  difpers’d  thro’  the  air, 
and  thereby  qualify’d  to  work  on  the  bodies  expos’d  to  it,  their  opera- 
tions are  very  confiderable,  not  only  in  the  diflolutions  of  falts,  and  the 
putrefadlive  changes  of  many  bodies,  but  in  the  fwelling  they  caufe  in 
oak,  and  other  folid  wood  *,  as  appears  by  the  difficulty  we  often  find  in, 
and  before,  rainy  weather,  to  fhut  and  open  doors,  boxes,  and  other 
pieces  of  wood-work,  that  were,  before,  fit  enough  for  the  cavities  where- 
to they  had  been  adjufted.  The  firings  of  viols,  and  other  mufical  inftru- 
ments,  are  fometimes  ftrong  enough  to  fuftain  confiderable  weights  *,  yet, 
if  left  fcrew’d  to  their  full  tenfion,  they  are  often  broken  by  the  moift 
weather,  with  great  impetuofity  and  noife. 

To  try  what  a number  of  aqueous  fleams  might  do,  I caus’d  a long 
flender  rope,  which  was,  in  part,  fuftain’d  by  a pully,  to  have  a weight 
of  lead  fo  faften’d  to  the  end  of  it,  as  not  to  touch  the  ground  •,  and  af- 
ter the  weight  had  leifure  allow’d  it  to  ftretch  to  the  cord,  as  far  as  it 
cou’d,  I obferv’d,  that,  in  moift  weather,  the  watry  particles,  that  in- 
vifibly  abounded  in  the  air,  fo  aflfedled  and  fhorten’d  the  rope,  as  to 
make  it  lift  up  the  weight,  which  was  about  an  hundred  pounds. 
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Physics.  The  invifible  fleams  iffuing  out  of  the  walls  of  a newly  plaifter’d  room, 
wherein  there  is  a charcoal  fire,  are  not  fenfibly  prejudicial  to  thofe  who 
make  but  a fhort  flay  therein  ; but  we  have  many  inflances  of  perfons,  who 
lying  for  a night  in  fuch  rooms,  have  been  found  dead  in  their  beds,  the 
next  morning  •,  being  fuffocated  by  the  multitude  of  noxious  vapours  e- 
mitted,  during  that  time. 

’Tis  proper  to  obferve,  that  effluvia  are  not  emitted  from  bodies,  all 
at  once,  as  fhot  is  from  a gun  ; but  iffue  from  it,  as  the  vapours  out  of 
a well-heated  seolipile,  or  waters  out  of  a fpring-head,  in  continued 
ftreams,  wherein  frelh  parts  flill  fucceed  ; fo  that  tho*  as  many  effluvia 
of  a body,  as  can  be  fent  out  at  one  time,  were  numerous  enough  to  adt 
but  upon  the  fuperficial  parts,  yet  the  efflux  of  the  next  minute  may  get 
in  a little  farther ; and  each  fmallefl  portion  of  time  admitting  of  frefh 
recruits,  whilfl,  perhaps,  the  fleams  already  enter’d  are  urg’d  on,  the 
particles  may,  at  length,  get  into  a multitude  of  the  pores,  and  penetrate 
to  the  very  innermofl  parts  of  the  body. 

home  Effluvia  That  the  fubtile  and  penetrating  nature  of  effluvia,  may,  in  many 
Zndpenetra-  ca^es5  co-operate  with  their  multitude,  in  producing  notable  effedts  ; and 
ting.  that  there  are  effluvia  of  a very  piercing  nature,  will  appear  from  feve- 

ral  examples.  For,  not  only  the  invifible  fleams  of  good  Aqua  for  tis , and 
fpirit  of  nitre  ufually,  in  a fhort  time,  and,  in  the  cold,  fo  penetrate 
the  corks,  wherewith  the  containing  glaffes  were  flopp’d,  as  to  reduce  them 
to  a yellow  pulp  *,  but  alfo  exhalations  of  mercury  have  been,  fometimes, 
found  in  the  form  of  coagulated,  or  even  of  running  mercury,  in  the 
heads,  or  very  bodies  of  thofe  gilders,  or  venereal  patients,  who  have 
been  too  long,  or  too  rafhly,  expofed  to  the  fumes  of  it ; tho’  they  never 
took  quick-filver  in  its  grofs  fubflance.  Chy mills  too  often  find  in  their 
laboratories,  that  the  fleams  of  fulphur,  antimony,  arfenic,  (Ac.  are 
able  to  make  thofe  flagger,  or,  perhaps,  flrike  them  down,  who  care- 
lefly  unlute  . the  veflels  wherein  they  had  been  diflill’d  or  fublim’d ; of 
which  I have  known  many  fad  examples. 

And,  of  the  penetracy  even  of  animal  fleams,  we  may  eafily  be  perfwa- 
ded,  if  we  confider  how  foon,  in  many  plagues,  the  contiguous,  but  invifi- 
ble exhalations  are  able  to  reach  the  heart,  or  infedl  other  internal  parts  ; 
for  tho’,  in  many  of  thefe  cafes,  the  blood  helps  to  convey  the  infedtion, 
yet  flill  the  morbific  particles  mufl  get  into  the  body,  before  they  can  infedl 
the  mafs  of  blood.  And  in  thofe  flupefadlions,  caus’d,  at  a diflance,  by  the 
torpedo,  the  parts  principally  affedted,  feem  to  be  the  nervous  ones  of  the 
hand  and  arm,  which  are  of  the  mofl  retired,  and  befl-fenced  parts  of  thofe 
members.  And  I make  the  fpirit  of  fal-armoniac,  whore  invifible  fleams, 
unexcited  by  heat,  are  of  fo  piercing  a nature,  as  flrongly  to  affedt  the 
eyes,  and  noflrils,  and  throats,  and  fometimes  the  flomachs  too,  of 
thofe  they  invade  ; and  when  a great  cold  has  fo  clogg’d  the  organs 
of  fmelling,  that  neither  fweet  nor  fetid  odours  wou’d  at  all  affedl 
them  ; thefe  piercing  fleams  have  not  only,  in  a few  minutes,  made 
themfelves  way,  but  fo  opeif*d  the  paffages,  that  foon  after,  the  patient 
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has  been  able  to  fmell  other  things  alio.  And,  by  the  lame  penetrating  Physics 
fpirit,  a perlon  of  quality  was  reftored  to  the  faculty  of  fmelling,  which 
he  had  loft  for  feveral  years.  Nay,  the  fteams  of  water  itfelf,  aftifted  by 
warmth,  are  able  to  diftolve  the  texture  even  of  hard  and  folid  bodies, 
that  are  not  fufpedled  to  be  faline  *,  as  appears  by  the  philofophical  cal- 
cination, wherein  folid  pieces  of  harts-horn  are  brought  to  be  eafily 
crumbled  into  powder,  by  being  hung  over  water,  whilft  its  fteam 
rifes  in  diftillation,  and  without  the  help  of  furnaces.  The  exhalations 
that  ulually  lwim  every  night  in  the  air,  and  almoft  every  night  fill  to 
the  ground  in  form  of  dews,  are,  in  many  places  of  the  torrid  zone,  of  fo 
penetrating  a nature,  that,  as  eye-witneftes  have  informed  me,  they 
wou’d  in  a very  fhort  time,  make  knives  raft  in  their  fheaths,  fwords 
in  their  lcabbards,  and  watches  in  their  cafes,  if  not  conftantly  carried 
in  the  pocket.  And  I have  known,  even  in  England , feveral  hard  bo- 
dies into  which  the  vapours,  floating  in  the  air,  have  infinuated  them- 
felves  fo  far,  as  to  make  them  friable  throughout. 

But  to  fliew  that  the  penetrancy  and  the  multitude  of  effluvia  may  Efpecially, 
greatly  aflift  each  other,  we  muft  not  ufually  look  upon  effluvia  as  fwarms  rfhen  *heya8 
of  corpuicles,  that  only  beat  againft  the  outfides  of  the  bodies  they  in-  tnfwarms- 
vade  •,  but  as  particles,  which,  by  reafon  of  their  great,  and  frequently 
recruited  numbers,  and  by  their  extreme  fmallnefs  of  parts,  inflnuate 
themfelves,  in  multitudes,  into  the  minute  pores  of  the  bodies  they  in- 
vade, and  often  penetrate  to  the  innermoft  of  ’em  *,  fo  that,  tho’  each 
Angle  corpufcle  and  its  diftindt  action  be  inconfiderable,  in  refpedt  of  the 
multitude  of  parts  that  compofe  the  body  to  be  wrought  on;  yet  a vaft  num- 
ber of  thefe  little  agents,  working  together  upon  a correfpondent  number 
of  the  final!  parts  of  the  body,  they  may  well  have  powerful  effedls  upon  it. 

Thus  the  rope,  before-mention’d,  would  not,  probably,  have  been  enabled 
to  raife  fo  great  a weight,  tho’  a vehement  wind  had  blov/n  againft  it, 
to  make  it  lofe  its  perpendicular  ftraitnefs  ; but  a vaft  multitude  of 
watery  particles  getting  by  degrees  into  its  pores,  might,  like  an  innume- 
rable company  of  little  wedges,  fo  widen  them,  as  to  make  the  hempen 
threads  fwell  fo  forcibly,  that  the  depending  weight  cou’d  not  hinder  the 
fhortening  of  the  rope.  I have,  more  than  once,  known  folid,  and  even 
heavy  mineral  bodies  burft  in  pieces  by  the  moifture  of  the  air  *,  tho’  we 
kept  them,  within  doors,  carefully  fhelter’d  from  the  rain. 

That  the  celerity  of  the  motion  of  numberlefs  very  minute  bodies  will  with 
have  very  great  effedls,  may  be  argued  from  the  wonderful  phenomena  of  great  velocity. 
fired  gun -powder,  Aurum  fulminans , flames  that  invifibly  touch  the  bodies 
they  work  on,  whirl-winds,  and  thole  ftreams  of  in vifible  exhalations,  and 
other  aerial  particles  we  call  winds.  That  the  corpufcles  whereof  odours 
confift,  fwim  about  the  air,  as  in  a fluid  vehicle,  may  be  eafily  prov’d. 

But  the  motion  of  the  effluvia  of  fome  fufficiently  odorous  bodies,  has 
too  little  celerity  to  make  a fenfible  imprefllon  on  the  organs  of  fmelling, 
unlefs  the  fteams  be  afllfted  to  beat  more  forcibly  upon  the  noftrils  by 
the  air,  which  hurries  them  along  with  it,  when  it  ftreams  into  their  ca- 
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Physics,  vities  in  the  adt  of  infpiration.  Thus  we  fee,  when  the  noftrils  of  fet- 
%xSV\J  ting-dogs  are  turn’d  to  the  wind,  the  current  of  the  air  drives  the  fcent 
of  the  game,  more  forcibly,  upon  the  organ. 

That  a brifknefs  of  motion  is  requifite,  and  greatly  conducive  to  elec- 
trical attradlions,  appears  from  the  neceffity  we  ufually  find  by  rubbing 
amber,  jet,  &c.  to  make  them  emit  thofe  fteams,  by  which,  ’tis  highly 
probable,  their-  adtion  is  perform’d  ; and  this  attrition,  I conceive,  makes 
. a reciprocal  motion  amongft  the  more  (table  parts,  and  thereby,  as  ’twere, 
difcharges  and  (hoots  out  the  attracting  corpufcles.  That  thefe  are  ac- 
tually emitted,  appears  from  an  obfervation  I long  fince  made  *,  which 
was,  that  if  when  we  took  a vigoroufly  excited  eledtric,  we  did,  at  a 
certain  juncture  of  time,  place  it  at  a juft  diftance  from  a fufpended  hair, 
or  other  light  body  ; the  hair,  &c.  wou’d  not  be  attracted  to  the  elec- 
tric, but  be  driven  away  from  it,  as  it  feem’d  by  the  brilk  (teams  that 
iflued  out  of  the  eleCtric  body. 

There  is  a certain  fubftance,  which,  being  made  by  diftillation  in  the 
cold,  emits  only  a very  mild  and  inoffenfive  fmell ; but  when  the  veflfel, 
that  contains  it  is  heated,  tho’  no  reparation  of  conftituent  principles  ap- 
pears to  be  thereby  made,  the  effluvia  will  be  fo  alter’d,  that  one,  who, 
to  fatisfy  his  curiofity,  wou’d  needs  be  fmelling  to  it,  when  ’twas  heat- 
ed, declared,  he  thought  the  fteams  wou’d  have  kill’d  him  •,  and  that 
the  effluvia  of  fpirit  of  fal-armoniac  were  nothing  near  fo  piercing  as 
thefe. 

Other  modifi - And  among  folid  bodies,  there  are  fome,  which,  tho’  abounding  much 

cations  of  mo-  jn  a fubftance  wherein  rank  fmells  principally  refide,  yet  are  lcarce,  at 
“^7/ all,  fenfibly  odorous-,  but,  upon  rubbing  of  them  a little,  one  againft 
flwfa.  ° tJ  the  other,  fo  dart  out  their  emiffions,  as  in  a minute  or  two,  to  make  a 
very  offenfive  fmell. 

And,  as  the  celerity  of  motion  may  thus  give  us  vigour  to  the  exhalations 
of  bodies ; fo  there  may  be  other  modifications  of  motion  that  contribute 
to  the  fame  thing.  For  not  only  greater  bodies  operate  differently,  ac- 
cording to  particular  modifications  but  even  in  fmall  particles  them- 
felves,  it  cannot  be  all  one,  as  to  their  effedts,  whether  they  move  with 
or  without  rotation,  whether  in  fuch  a particular  line,  whether  with  or 
without  undulation,  trembling,  or  fuch  a kind  of  confecution  ; and,  in 
fnort,  whether  the  motion  have,  or  have  not,  this  or  that  particular  mo- 
dification ; which,  how  much  it  may  diverfify  the  effects  of  the  bodies 
moved,  appears  by  the  motion,  that  the  aerial  particles  are  put  into,  by 
mufical  inftruments.  For,  tho’  the  effedts  of  harmony,  difcord,  and  pe- 
culiar founds,  be  fometimes  very  great,  not  only  in  human  bodies,  but 
in  fuch  as  are  inorganical  ^ the  whole  efficacy  of  mufic  and  of  i'ounds, 
that  are  not  extraordinary  loud  and  different,  feems  to  depend  upon  the 
different  manners  of  motion  whereinto  that  air  is  put,  which  makes  the 
immediate  impreffions  on  our  organs  of  hearing. 

Odd  effttts  of  As  for  celerity,  and  other  modes  that  diverfify  the  motion  of  effluvia, 
hghtmng.  j ffiall  only,  in  this  place,  take  notice  of  thofe  effedts  of  lightning,  which 

feem 
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feem  referable  to  the  celerity , manner  of  a pulfe,  to  the  diftintft  fi-  Physics. 
zes  and  fhapes  of  the  corpufdes  that  compofe  the  deftru<5live  matter, 
and  to  the  peculiar  relation  between  the  particles  of  that  matter,  and  the 
ftrudure  of  bodies  they  invade.  Many  ftrange  things  reported,  as  the 
effects  of  what  the  Latins  call  fulmen , are  merely  fabulous  *,  but  others 
are  not  fo  : fome  of  which  I have  been  an  eye-witnefs  of,  within  lefs 
than  a quarter  of  an  hour  after  the  thing  has  happen’d.  And  tho*  it  be 
very  difficult  to  explain,  particularly,  many  of  thefe  true  phenomena  ; 
yet  it  feems  warrantable  enough  to  argue  from  them,  that  there  may  be 
agents  fo  qualified,  and  fo  fwiftly  mov’d,  that,  notwithftanding  they  are 
fo  exceedingly  minute,  as  is  neceflliry  to  make  up  a flame  which  is  a 
fluid  body,  they  mull,  in  an  imperceptible  point  of  time,  pervade  folid 
bodies  ; and  traverfing  fome  of  them,  without  violating  their  texture, 
burn,  break,  melt,  and  produce  other  very  great  changes,  in  bodies, 
that  are  fitted  to  be  wrought  on  by  them.  I was  once  fhewn,  as  a 
great  curiofity,  a fine  pair  of  drinking-glaflfes,  fomewhat  (lender,  but 
very  tall,  which  feem’d  defign’d  to  refemble  one  another  : but,  before  I 
faw  them,  the  refemblance  was  much  leflfen’d  by  the  lightning  which  fell 
between  them,  in  fo  ftrange  a manner,  without  breaking  either,  that 
I cou’d  perceive  it  had  a little  alter’d  the  figure  of  one  of  them,  near  the 
lower  part  of  the  cavity  ; but  the  other  was  fo  bent,  near  the  fame 
place,  as  to  make  it  ftand  quite  awry,  in  a furprrzing  pofture.  It  alfo 
appears  ftrange  to  me,  that  nature  ffi ou’d,  in  the  free  air,  make  of  per- 
haps invifible  exhalations,  fuch  an  aggregate  of  corpufdes,  as,  without 
breaking  the  frail  body  of  the  glafles,  had  a power,  in  its  paflage  thro’ 
them,  that  is,  in  the  twinkling  of  an  eye,  to  melt  them  ; which,  even  in 
our  reverberatory  furnaces,  wou’d  require  a confiderable  time  to  do. 

Upon  hearing  a clap  of  thunder,  fo  near  at  hand,  that  I judg’d  fome  of 
the  neighbouring  places  to  be  ftruck ; I fent  prefently  to  make  inquiry, 
and  immediately  repair’d  to  the  houfe  where  the  mifehief  was  done,  by 
fomething,  which,  thofe,  who  pretended  to  have  feen  it  coming  thither, 
affirm’d  to  be  like  a flame,  moved  very  obliquely.  But  obferving  narrowly 
what  had  happen’d  in  an  upper  room,  where  it  firft  fell,  I faw  that  it  had, 
in  more  than  one  place,  melted  the  lead  in  its  paflage,  without  breaking 
the  glafs  cafements,  or  burning  the  bed,  hangings,  or  any  other  combu- 
ftible  goods,  tho’,  near  the  window,  it  had  thrown  down  a large  part  of  a 
wall,  through  which  it  feem’d  to  have  made  its  paflage  in  or  out.  And 
having  curioufly  pry’d  into  the  effects  of  the  fulmen , "in  other  places  of 
the  houfe  beneath,  in  whofe  loweft  parts  it  feem’d  to  have  ended  its 
courfe  •,  I cou’d  not  but  conclude,  that,  if  it  were  the  fame  fulmen , it 
muft,  more  than  once,  have  gone  in  and  out  of  the  houfe ; and  that  the 
line  of  its  motion  was  not  reducible  to  any  curve  or  mix’d  line  I had  met 
with ; but  that  it  moved  to  and  fro,  in  an  irregular  manner,  not  unlike 
the  wrigling  of  fire-fquibs.  I fhall  only  add,  ’tis  a known  tradition, 
which  my.  own  obfervations  heedfully  made  feem,  now  and  then,  to  con- 
firm, that  vehement  thunder,  if  beer  be  not  very  ftrong,  will  ufually  turn  And  thunder. 

it 
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Physics,  it  four  in  a day  or  two’s  time.  Now,  if  this  degeneration  be  notone  of  the 
confequences  of  the  great  and  peculiar  kinds  of  the  concuffions  of  the  air  that 
happen  in  loud  thunder,  the  effect  may  probably  be  afcribed  to  fome  fub- 
tile  exhalations  diffus’d  thro’  the  air,  which,  penetrating  the  pores  of  the 
wood,  in  veffels  whofe  contexture  is  not  very  clofe,  embue  the  liquor  with 
a kind  of  acetous  ferment.  For,  confidering  that  the  pores  of  glafs  are 
fo  clofe,  as  to  be  impervious  to  the  fleams,  or  fpirituous  parts  of  fulphur, 
as  well  as  to  other  odorous  exhalations  •,  I thought  it  worth  trying,  whe- 
ther there  be  any  fulphureous  fleams,  or  other  corpufcles  diffufed  thro’  the 
air,  in  the  time  of  thunder,  that  wou’d  not  be  too  grofs  to  get  in  at  fuch 
minute  pores  as  thofe  of  glafs.  And,  accordingly,  having  hermetically  feal’d 
up  both  beer  and  ale  apart,  I kept  them,  in  the  fummer-time,  till  there 
happen’d  a great  thunder,  for  a day  or  two  •,  after  which,  the  beer  that 
we,  in  common,  drank,  which  was  good  before,  being  generally  complain’d 
of,  as  turn’d  four  by  the  thunder,  I fuffer’d  my  liquors  to  continue  at 
leafl  a day  or  two  longer,  that  the  fouring  fleams,  if  any  fuch  there  were, 
might  have  time  enough  to  operate  upon  them  ; and  then,  breaking  the 
glaffes,  found  the  liquors  good,  tho’  we  had  purpofely  forborn  the  filling 
the  glaffes,  to  facilitate  the  degeneration.  The  method  of  preventing 
the  ill  effects  of  thunder  upon  barrel’d  liquors,  if  it  conflantly  fuc- 
ceed,  deferves  alfo  to  be  here  confider’d.  This  method  confifls  in  place - 
ing  a chafing-difh  of  live  coals,  at  a convenient  diflance  under  the  bar- 
rels, when  the  thunder  feems  likely  to  begin. 

Effluvia  may  The  gfth  way  wherein  effluvia*  may  have  confiderable  effects,  is  the 
mot^on  one  Part  uPon  another>  that  they  may  excite  or  occafion  in  the 
citing  a com-  body  they  work  on,  according  to  its  flru&ure.  But  I here  propofe  to 
municative  fhew  their  efficacy  upon  this  account,  only  on  organ ica.1  and  living  bodies  r 
motion  in  tho’  even  inanimate  and  folid  bodies  may  be  of  fuch  a flruclure,  as  to 

0 ies * receive  great  alterations  from  the  appropriated  effluvia  of  others  ; as  may 

be  inflanced  in  the  power,  that  I have  known,  of  fome  vigorous  load- 
flones  to  take  away,  in  a trice,  the  attractive  virtue  of  an  excited  needle, 
or  giving  a verticity,  direCtly  contrary  to  the  former,  without  fo  much  as 
touching  it. 

The  load-ftone,  alfo,  affords  an  eminent  example  of  the  great  power 
of  a multitude  of  vifibie  effluvia  from  fmall  bodies,  upon  fuch  as  are 
inorganical  or  lifelefs  •,  for  luppofing  magnetifm  to  be  performed  by  cor- 
poreal emifflons,  we  may  confider,  that  thefe  paffing  unrefifled,  through 
the  pores  of  all  folid  bodies,  and  even  glafs  itfelf  ; which  neither  the  mofl 
fubtile  odours,  nor  eleClrical  exhalations  are  obferv’d  to  do  } feem  to  be 
alrnofl  incredibly  minute,  and  much  fmaller  than  any  other  effluvia,  tho’ 
thofe  are  invifible  , yet  fuch  incomparably  little  magnetical  fleams,  pro- 
ceeding from  vigorous  load-flones,  will  be  able  to  make  up  confiderable 
quantities  of  fo  ponderous  a body  as  iron  *.  And  I have  feen  a load- 

* An  experiment  made  by  Mr.  Hauksbee,  i rrom  it,  fliews,  that  effluvia,  afting  with  force 
wherein  the  attrition  of  one  glafs  body,  pro  a and  vigour,  may  perform  the  office  of  folid  bo- 
duces  a continued  light  on  another,  at  a diflance  I dies*  See  Hauksb.  Experitn . p.  79 86. 
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flone,  not  very  large,  which  wou’d  keep  a weight  of  iron  fufpended,  Physics. 
that  I could  hardly  raife  with  one  arm  ; and  another  little  one,  with 
which  I cou’d  take  up  above  80  times  its  own  weight.  And  rhcfe  efflu- 
via do  not  only,  for  a moment,  fallen  the  iron  to  the  fione,  but  keep  it 
fufpended,  as  long  as  one  pleafes. 

But  the  chief  effects  of  effluvia,  here  to  be  confidered,  are  produced  Particularly 
upon  animals,  which  by  virtue  of  their  curious  and  elaborate  ftrudlure,  iuthofeof  men. 
have  their  parts  fo  connected,  and  otherwife  contriv’d,  that  the  motions 
or  changes  made  in  one,  may  have,  by  the  confent  of  parts,  a manifell 
operation  upon  others,  tho’,  perhaps,  very  diflant  from  it. 

And,  firft,  ’tis  plain,  that  our  organs  of  fmelling  are  fenfibly  alfedted 
by  fuch  minute  particles  of  matter,  as  the  fined:  odours  confill  of.  Nor 
do  they  always  affedt  us  precifely,  as  odours,  fince  many  perfons,  both 
men  and  women,  are  by  fmells,  either  fweet  or  fetid,  put  into  troublefome 
head-aches.  If  it  were  not  ordinary,  it  would  feem  incredible,  that  the 
feent  of  a pleading  perfume  lhou’d  prefently  produce  in  a human  body, 
that  immediately  before  was  well  and  llrong,  fuch  faintnefs,  fwoonings, 
lofs  of  fenfible  refpiration,  intumefcence  of  the  abdomen,  convulfive  mo- 
tions of  the  limbs,  and  many  other  frightful  fymptoms,  that  by  the 
unfkilful  are  often  taken  for  the  effects  of  witchcraft,  and  wou’d  impofe 
upon  phyficians  themfelves,  if  experience  did  not  furnifh  them  with  ex- 
amples of  the  like  phenomena,  produced  by  natural  means.  Thefe  fymp- 
toms manifeft  what  the  confent  of  parts  may  do  in  a human  body ; fince 
even  morbific  odours,  by  immediately  affe<5ting  the  organs  of  fmelling,  af- 
fedt  fo  many  other  parts  of  the  Genus  nervofum , as  oftentimes  to  produce 
convulfions  in  the  extreme  parts  of  the  hands  and  feet. 

But  the  efficacy  of  effluvia  is  not  confined  to  produce  hyflerical  fits : 
thefe  invifible  particles  may  be  able  fuddenly  to  appeafe  them  •,  as  have 
very  frequently  try’d,  by  holding  the  fpirit  of  fal-armoniac  under  the 
noltrils  of  perfons  thus  affedted. 

I attribute  the  operations  of  thefe  fteams  rather,  in  general,  to  the 
confent  of  the  parts  that  make  up  the  Genus  nervofum , than  to  any  hid- 
den fympathy  or  antipathy,  betwixt  them  and  the  womb  * becaufe  I have 
known  odours  produce  ccnfiderable  effedts  upon  men.  I am  acquainted 
with  a gentleman  of  a llrong  conllitution,  but  confiderably  fanguine,  who 
is  put  into  violent  head-aches  by  the  fmellof  mufk.  And  I,  being  one  day 
with  him,  and  a great  many  other  perfons  of  note,  about  a public  affair  j 
a man,  who  had  a parcel  of  mufk  about  him,  making  application  to  us,  this 
gentlemam  was  fo  diforder’d  by  the  fmell  of  it,  which  to  moll  of  us 
prov’d  delightful,  that  he  was  reduced  to  make  us  an  apology,  and  fend 
the  perfum’d  man  out  of  the  room  ; notwithstanding  which,  he  for  a 
confiderable  time  after,  complain’d  to  me,  of  a violent  pain  in  his  head, 
which,  I perceiv’d,  had  unfitted  him  for  the  tranfadlion  of  the  affair, 
whereof  he  was  to  be  the  chief  manager.  I knew  another  perfon,  who 
is  fubjedt  to  the  head-ach  upon  fo  mild  a fmell  as  that  of  damafk  rofes, 
and,  fometimes,  even  of  red  rofes ; fo  that  walking  one  day  with  him  in 
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a garden,  tho’  the  alleys  were  very  large,  fo  that  he  might  eafily  keep 
himfelf  at  a diflance  from  the  rofe-bufhes  •,  he  abruptly  broke  off  the  dif- 
courfe  we  were  engaged  in,  complain’d  of  the  offence  the  perfume  gave 
to  his  head,  and  de fir’d  me  to  pafs  into  a walk,  that  had  no  rofes  grow- 
ing near  it.  I alfo  know  a difereet  lady,  to  whom  the  fmell  of  rofes  is 
not  unpleafing,  but  fo  hurtful,  that  it  prefently  makes  her  fick,  and 
wou’d  make  her  fwoon,  if  not  feafonably  prevented. 

And,  as  odours  may  thus  give  men  the  head-ach,  fo  I have  often  found 
the  redlified  fpirit  of  fal-armoniac,  to  free  both  men  and  women  from 
the  fits  of  that  diflemper  •,  and  fometimes,  all  of  a fudden.  And  tho’  I 
have  not  always  found  fo  flight  a remedy  to  work  the  defir’d  cure,  yet 
that  doing  it  often,  even  in  men,  is  fufficient  to  fhew  the  efficacy  of  me- 
dicinal effluvia. 

’Tis  a known  thing,  that  women  with  child  have  been  often  made  to 
mifearry,  by  the  fmell  of  an  ill  extinguished  candle  ; tho’,  perhaps,  the 
fmoke,  afeending  from  the  fnuff,  was  diffipated  into  invifible  corpufcles, 
long  before  it  arriv’d  at  the  noftrils  of  the  women  : and  what  violent  mo- 
tions, abortions  are  frequently  accompanied  with,  I need  not  fay. 

I am  acquainted  with  a phyfician,  who,  having  for  a long  time,  when 
young,  been  compell’d  to  take  lenitive  eledluary,  one  of  the  gentlefl 
and  mofl  pleafant  laxatives  of  the  Shops,  conceiv’d  Such  a diflike  of  it, 
that  fbill,  as  himfelf  allures  me,  if  he  fmell  to  it,  it  will  work  both  up- 
wards and  downwards  with  him.  Another  very  ingenious  perfon,  of  the 
fame  faculty,  has  complain’d  to  me,  that  the  fmell  of  the  greafe,  ufed 
to  the  wheels  of  a hackney-coach,  tho’  the  coach  do  but  pafs  by  him, 
makes  him  ready  to  vomit. 

Every  body  knows,  that  fmoke  is  apt  to  make  men’s  eyes  water,  and  ex- 
cite in  the  organs  of  refpiration,  that  vehement  commotion,  call’d  coughing. 
But  we  need  not  have  recourfe  to  vifible  fumes  for  the  produdlion  of  the 
like  effedts  *,  fince  we  have  often  obferv’d  them,  together  with  repeated 
fneezings,  to  proceed  from  the  invifible  fleams  of  fpirit  of  fal-armoniac, 
when  only  fmall  vials,  containing  that  liquor,  were  put  too  near,  or  too 
haflily  to  the  noflrils.  In  the  foregoing  inflances,  the  chief  effedls  feem 
to  be  produced  by  the  confent  of  parts  on  the  Genus  nervofum , and 
the  adtion  of  one  of  them  upon  the  other  ; but  the  following  is  of  a mild 
and  grateful  odour,  upon  the  humours  themfelves. 

A famous  apothecary,  who  is  a very  tall  lufly  man,  feveral  times  told 
me,  that  tho’  he  was  once  a great  lover  of  rofes  ; yet,  having  occafion 
to  employ  great  quantities  of  them,  at  a time,  their  fleams  have  fo  alter’d 
him,  that,  if  he  now  comes  among  the  rofe-bufhes,  the  fmell  greatly  dif- 
compofes  him.  And  the  odour  of  damask-rofes,  produces  fuch  a flux  of 
humours  in  his  head,  that  it  fets  him  a coughing,  running  at  the  nofe, 
gives  him  a lore  throat,  and  makes  his  eyes  fore  ; fo  that  during  the  fea- 
fon  of  rofes,  when  quantities  of  them  are  brought  to  his  houfe,  he  is  ge- 
nerally oblig’d  tobeabfent. 
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And  as  effluvia  thus  caufeone  part  of  a living  engine  to  work  upon  an-  Physics. 
other,  by  virtue  of  its  ftrudture,  fothe  a6tion  of  fuch  invifible  agents,  may,  * 
often,  be  much  promoted  by  the  fabric,  and  laws  of  the  univerfe  itfelf ; 
for  by  operating  upon  particular  bodies,  they  may  difpofe,  and,  now, 
firft  qualify  them  to  be  wrought  upon  by  light,  magnetifm,  the  atmofphere, 
gravity,  or  fome  other  of  the  more  univerfal  agents  of  nature. 


SECT.  III. 


TH  E effluvia  of  bodies  being,  for  the  molt  part,  invifible,  they rhe  determi~ 
have  been  very  little  confider’d,  by  vulgar  philofophers who*r^^“" 
fcarce  taking  notice  of  their  exiltence,  ’tis  no  wonder  that  their  di- 1 ^ ' 

dtindl  natures  and  differences,  fhould  be  unknown.  Ariftotle  and  the  fchools 
imagine,  indeed,  that  the  two  grand  parts  of  our  globe  do,  fometimes,  e- 
mit  two  kinds  of  exhalations  or  fteams : the  earth  affording  thofe  that  are 
hot  and  dry,  which  they  name  fumes,  and  very  often,  fimply,  exhalations; 
and  the  water  others  that  are  hot  and  moift,  which  they,  ufually,  call  va- 
pours, to  diftinguifh  them  from  fumes  ; tho’,  otherwife,  thefe  appellations 
are  frequently  confounded. 

But,  befides  fuch  flight  and  obvious  differences,  the  fteams  of  bodies  ^at  effiun}la 
maybe  almoft  as  various  as  the  bodies  them felves  *,  and,  therefore, 
ought  not  to  look  upon  them,  barely,  under  the  general  and  confufed  no ^fubftlncJ  ^ 
tion  of  fmoke  or  vapours  ; for  they  may  probably  have  their  diftind  and  which  yield 
determinate  natures,  fuitable  to  that  of  the  fubftance  from  whence  they^m* 
proceed. 

Now,  confldering  that  fluid  bodies  may  be  of  very  unequal  denfity  and  Mu  ft  rated. 
gravity,  as  is  evident  in  quick-filver,  water,  and  fpirit  of  wine  •,  and  yet 
agree  in  the  conditions  requifite  to  fluidity ; I prefum’d,  by  that  I cou’d 
make  vifible  in  one,  what  happens,  analogically,  in  the  other,  might  be  ocu- 
larly illuftrated.  I,  therefore,  took  fome  ounces  of  roch-alum,  and  as  much 
of  fine  falt-peter : thefe  being  diffolv’d  together,  in  fair  water,  the  fil- 
ter’d folution  was  fet  to  evaporate,  in  an  open-mouth’d  glafs,  and  after- 
wards left  to  /boot,  in  a cool  place,  when  there  faften’d  to  the  fides  of  the 
glafs,  feveral  fmall  cryftals,  fome  eight-fided,  which  is  the  figure  proper 
to  roch-alum,  and  others  of  the  prifmatical  ftiape  of  pure  falt-peter  ; be- 
fides other  faline  concretions,  of  neither  of  thefe  two  ftiapes,  diftindly  ; 
which  argued  them  to  be  concoagulations  of  both  the  falts.  And  this  we 
did,  by  ufing  fuch  a degree  of  celerity,  in  evaporating  the  liquor,  as 
was  proper  for  fuch  aneffedh  For,  by  another  degree,  which  is  to  be  em- 
ploy’d to  recover  the  falts  more  diftin&ly  and  manifeftly,  the  matter  may 
be  fo  order’d,  that  the  aluminous  fait  fhall,  for  the  moft  part,  be  firft 
V°L*  !•  lii  coagulated 
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coagulated  by  itfelf  *,  and  then,  from  the  remaining  liquor,  curioufly  fhapV 
cryftalsof  nitre  be  plentifully  obtain’d. 

Trials,  like  this,  we  alfo  made  with  other  falts,  and,  particularly,  with 
lea-falt,  with  alum,  and  with  vitriol.  But  the  prefent  experiment  will, 
alone,  affift  the  imagination  to  conceive,  how  the  particles  of  bodies  may 
fwim  about  in  a fluid  ; and,  tho’  fmall  enough  to  be  invifibie,  many  of 
them  retain  their  diftin<ft  and  determinate  natures,  and  their  aptnefs  to 
cohere,  upon  occafion  ; as  others  may,  by  their  various  occurfions  and 
coalitions,  unite  into  lefs  corpufcles,  or  greater  bodies,  different  from  the 
more  Ample  particles  that  compofe  them  j and  yet  not  prove  of  indeter- 
minate, tho’  compounded  figures. 

And  now  we  may  proceed  to  particular  inftances  of  the  determinate- 
nature  of  effluvia.  In  the  Brft  plage  tjien,  that  the  effluvia  of  many  bo- 
dies, often,  retain  a determinate  nature,  in  an  invifible  fmallnefs,  and, 
oftner,  in  fuch  a fize,  as  renders  them  little  enough  to  fly  or  fwim  in  the 
air,  may  appear  from  hence*  that  thefe  effluvia  being,  by  condenfation, 
or  otherwife,  re-united,  they  prove  of  the  fame  nature  with  the  body 
that  emitted  them.  Thus,  in  moift  weather,  the  vapours  of  water, 
that  wander  invifibly  thro’  the  air,  meeting  with  marble  pillars,  pave- 
ments, £s fc.  by  their  colduefs,  and  other  qualifications,  fit  to  condenfe 
and  retain  them,  appear  again,  in  the  form  of  drops  of  water ; and  the 
fame  vapours  return  to  the  vifible  form  of  water,  when  they  fall  out  of  the 
air  in  dews,  or  rains. 

Quick-filver  itfelf,  if  made  to  afcend  in  diftillation,  with  a convenient 
degree  of  fire,  will,  almoft  wholly,  come  over,  in  the  form  of  running 
mercury  *,  which  Arrange  and  penetrating  fluid,  is,  in  fome  cafes,  fo  difi- 
pofed  to  be  ftripp’d  of  its  difguizes,  and  appear  again  in  its  own  form* 
that  many  artificers,  and,  efpecially  gilders,  will  tell  us,  that  the  fumes 
of  it  need  not  be,  as  in  diftillation,  included  in  clofe  veffels,  to  return  to 
their  priftine  nature ; real  mercury  having  been,  leveral  times,  found  in 
the  heads,  and  other  parts  of  thofe,  who  have  dealt  much  in  it.  And, 
*tis  a common  practice,  both  among  gilders,  and  fome  chymifts,  when 
they  have  occafion  to  make  an  amalgam,  or  force  away  the  mercury 
from  one,  by  the  fire,  to  keep  gold  in  their  mouths,  which  by  the  mer- 
curial fumes,  that  wander  through  the  air,  will,  now  and  then,  by  that 
time  ’tis  taken  out,  be  turn’d  almoft  white,  as  if  it  had  been  filver’d  over. 
A mafs  of  purified  brimftone  being  fublim’d,  the  afcending  fumes  will 
condenfe  into  what  the  chymifts  call  Flores  fulphurisy  which  is  true  ful- 
phur,  of  the  fame  nature  with  that  formerly  expos’d  to  fublimation  •,  and 
may,  readily,  by  melting,  be  reduced  into  fuch  another  mafs.  And,  by 
fubliming  good  camphire,  in  clofe  veflels,  I found  it  wou’d  all,  astofenfe, 
be  rais’d  into  the  upper  vefiel,  in  the  form  of  dry  camphire,  as  it  was 
before.  Nay,  tho’  a body  be  not  by  nature,  but  by  art,  compounded  of 
fgqh  different  fubftances  as  a metal,  and  another  mineral,  and  two  or  thred 
fate  * yet  if,  upon  purificatipn  of  the  mixture,  from  its  grofifer  parts, 
tfefc  remaining  and.  finer,  parts  be  minute  enough,  and  fitly  fhap’d,  the 
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whole  liquor  will  afcend-,  yet,  in  the  receiver,  altogether  recover  its  pri-  Physics- 
dine  form  of  a tranfparent  fluid,  compos’d  of  different  faline  and  mine- 
ral  parts.  This  is  evident  in  the  diftillation  of  what  chymifts  call  butter 
or  oil  of  antimony  very  well  rectified.  For  that  liquor  will  pafs  into  the 
receiver,  tranfparent  and  fluid,  tho*,  befides  the  particles  of  the  fublimate, 
it  abounds  with  antimonial  corpufcles,  carried  over  and  kept  invifible  by 
the  corroding  falts.  I found  too,  by  enquiring  of  one  who  had  an  inte- 
reft  in  a tin-mine,  than  tin  itfelf,  tho*  a metal,  whofe  ore  is  of  a difficult 
fuflon,  and  which  I have,  by  itfelf,  kept  long  upon  the  cupel,  without 
perceiving  it  to  fly  away,  would  yet  retain  its  metalline  nature*  in  the 
form  of  fumes,  or  flowers.  And  I have  myfelf,  more  than  once,  rais’d 
this  metal  in  the  form  of  white  corpufcles,  by  the  help  of  half  its  quantity 
of  an  addition. 

A fecond  way,  whereby  we  may  difcover  the  terminate  nature  of  ef- 
■fluvia,  is,  from  the  difference,  fometimes,  obfervable  in  their  fenflble  0bfet!vabUin 
qualities.  For,  tho*  the  effluvia  that  are  endow’d  with  them,  proceed  their fcnfiblc 
the  fame  fort  of  bodies  *,  yet  thofe  afforded  by  one  body,  being,  in  many  qualities. 
cafes,  manifeftly  different  from  what  fly  off  from  another,  argues  their 
retaining  diftinCt  natures,  according,  to  thofe  of  the  refpeCtive  bodies 
whence  they  proceed. 

I will  not  examine,  whether  in  the  fleams  made,  vifibly,  to  afcend  from 
the  terreftrial  globe  by  the  fun,  and  the  agitation  of  the  air,  the  eye  can 
manifeftly  diftinguifh  a diverfity  of  colours  ; but  of  fome  productions 
of  art,  fuch  different  colours  may  be  difcovered  in  the  exhalations,  even 
without  the  application  of  any  external  heat  to  raife  them.  Thus,  when 
fpirit  of  nitre,  for  example,  has  been  well  reCtify’d,  I have  often  obferv’d, 
that  even  in  the  cold,  the  fumes  wou’d  play  in  the  unfill’d  part  of  the 
flopp’d  vial  it  was  kept  in,  and  appear  of  a reddifh  colour  ; and  ;f  the  vef- 
fel  were  open’d,  the  fame  fumes  would  plentifully  afcend  into  the  air,  in 
the  form  of  a reddifh  or  orange-tawny  fmoak.  Spirit,  or  oil  of  fait,  alfo, 
if  it  be  well  reCtify *d,  tho’  it  will  fcarce,  in  the  cold,  vifibly  afcend  in 
the  empty  part  of  a vial,  whilft  kept  well  flopp’d ; yet  if  the  air  be  al- 
low’d free  accefs  to  it,  will  fly  up  in  the  form  of  a whitilh  fume.  But 
this  is  inconfiderable,  in  comparifon  of  what  happens  in  a volatile  tinc- 
ture of  fulphur,  made  with  quick-lime -,  for,  not  only  upon  a flight  oc- 
cafion,  the  vacant  part  of  the  vial  will  be  fill’d  with  white  fumes,  tho* 
the  glafs  is  well  flopp’d,  but,  upon  opening  the  vial,  thefe  fumes  will 
largely  pafs  out  at  the  neck,  and  afcend  into  the  air,  in  the  form  of  an 
exceeding  white  fmoak.  And  both  this,  and  the  fpirit  of  nitre,  by  their 
operations,  as  well  as  fmell,  difcover  what  they  are ; fo  that  having,  in 
a fitly-fhap’d  glafs,  caught  a competent  quantity  of  the  afcending  white 
fumes,  I found  them  to  have  conven’d  into  bodies  tranfparent,  and  geo- 
metrically figur’d  •,  wherein  ’twas  eafy  to  obferve,  from  their  fenflble 
qualities,  that  there  were  numerous  fulphureous  particles  mixed  with  the 
faline  ones.  That  the  liquors  of  vegetables,'  diftill’d  in  balneo , or  in 
water,  ufually  retain  nothing  of  the  colour  of  the  bodies  that  afforded 
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Physics,  them,  is  obvious,  in  diftillations  made  without  retorts,  ora  violent  fire  V 
but  it  may  be  worth  while  to  try,  whether  the  eflential  oil  of  wormwood 
afcend  colour’d,  like  the  plant,  when  ’tis  firft  drawn  over  with  water  in  the 
limbec,  or  rectified  in  balneo.  In  a firft  diftillation  of  this  plant,  in  a cop- 
per limbec  tinn’d  on  the  infide,  I once  found  the  oil  came  over  green, 
and  was  not,  by  a rectification,,  purpofely  made  in  a glafs  veffel,  depriv'd 


of  that  colour. 

And  tho’  eflential  oils  be  but  effluvia  of  the  vegetables  they  are  di- 
ftill’d  from,  condens’d,  in  the  receiver,  into  liquors  •,  yet,  notwithftanding 
their  fubtilty,  many  of  ’em  retain  the  genuine  tafte  of  the  bodies  whence 
the  heat  elevates  them.  And  wormwood  is  a plant,  whofe  effluvia  fo  re- 
tain the  nature  of  the  body,  from  whence  they  proceed,  that  coming  in- 
to a room,  where  a quantity  of  it  was  kept,  not  only  the  organs  of  lmel- 
ling  were,  powerfully,  ftruck  by  the  corpufcles  which  fwarm’d  in  the  air  *, 
but  alfo  the  mouth  was  fenfibly  affeCted  with  a bitter  tafte.  And  I have 
found  the  expirations  of  amber,  kept  a while  in  pure  fpirit  of  wine, 
tafte  upon  the  tongue  like  amber  itfelf,  when  chew’d  between  the  teeth. 
But  the  expirations  I have  obtain’d  from  amber,  both  with  pure  fpirit  of 
wine,  and  a more  piercing  menftruum,  manifeftly  retain’d  the  peculiar 
fmell  wherewith  that  lubftance  affeCts  the  noftrils,  when  its  eleCtrical  fa- 
culty is  excited  by  rubbing.  And,  as  for  odours,  ’tis  pl'ain,  that  the  ef- 
fential  oils,  well  drawn,  do  many  of  them  retain  the  peculiar  and 
genuine  fcent  of  the  fpices,  or  herbs,  that  afford  them.  And  that  thefe  o- 
dours  really  confift  of,  or  refide  in,  certain  invifible  corpufcles  flying  off 
Which  nvoud  fr°m  t^ie  vifible  bodies,  faid  to  be  of  fuch  fmells,  may  fufflciently  ap- 
bemore  'lbvi-  pear  from  their  fticking  to  many  of  the  bodies  they  meet  with,  and  their 
eus , if  the  hu-  lafting  adhefton  to  them. 

man  fenjes  Other  examples  may  be  given  of  the  fettled  difference  of  effluvia,  direff- 
<were  more  a-  jy  perceivable  by  human  organs  of  fenfe  ; but  I fcarce  doubt,  if  our  organs 
were  extremely  tender,  that  they  might,  immediately,  perceive  in  the  fize, 
fhape,  motion,  and,  perhaps,  colour  too,  of  fome  effluvia,  which  are  now 
invifible,  as  diftinguifhable  differences,  as  our  naked  eyes,  in  their  prefent 
conftitution,  fee  between  the  different  forts  of  birds,  by  their  appearance 
and  manner  of  flight.  In  fine,  white  fand,  whofe  grains,  to  the  naked 
eye,  are  not,  ufually,  diftinguifh’d  by  any  fenfible  quality,  I have,  often, 
obferv’d,  thro’  an  excellent  microfcope,  a notable  difparity,  as  to  bulk, 
figure,  and  fometimes  colour.  Nay,  I have,  fometimes,  feen  a very  evi- 
dent difparity,  even  in  point  of  fhape,  between  the  eggs  of  cheefe-mites. 
And  tho’  the  touch  is  reckon’d  one  of  the  moft  dull  of  the  five  fenfes, 
and  reputed  far  lefs  quick  in  man,  than  in  feveral  other  animals  : 
yet  the  grofs  organs  hereof,  even  in  men,  may,  by  accident,  be  fo  dif- 
pos’d,  as  to  be  fufceptible  of  impreflions  from  effluvia:  and,  per- 
haps, feveral  of  the  prefages  of  weather,  obfervable  in  fome  animals, 
and  the  aches  and  other  pains  that,  in  many  crazy  and  wounded  men, 
ufually  precede  great  changes  of  weather,  often  proceed  from  invifi- 
ble effluvia,  which,  either  from  the  fubterraneal  parts,  or  from  fome 
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bodies  above  ground,  plentifully  impregnate  the  air.  Biemerbroeck  tells  Physics. 
us  of  himfelf,  that  having  been  infedted  with  the  plague,  he  was,  by 
the  application  of  a feafonable  remedy,  quickly  cured,  without  the  break- 
ing of  any  tumour  *,  yet  it  left  fuch  a change  in  fome  parts  of  his  body, 
that  when  he,  afterwards,  vifited  fuch  as  were  infedled  with  that  diftemper, 
he  felt  a pain  in  the  emundtories,  which  advertis’d  him,  that  the  diftemper 
was  the  plague. 

And  an  ingenious  gentlewoman,  of  a very  curious  and  delicate  com- 
plexion, has  feveral  times  affur’d  me,  that  fhe  can,  very  readily,  difco- 
ver,  whether,  a perfon,  who  vifits  her  in  the  winter,  came  from  a place 
where  there  is  any  confiderable  quantity  of  fnow ; and  this  fhe  does,- 
not  by  feeling  any  unufual  cold,  but  from  fome  peculiar  imprefflon, 
which,  fhe  thinks,  fhe  receives  by  the  organs  of  fmelling.  I might 
add,  that  I knew,  alfo,  a very  ingenious  phyfician,  who,  falling  into 
an  odd  kind  of  fever,  had  his  fenfe  of  hearing  thereby  render’d  fa 
very  nice  and  tender,  that  he  very  plainly  heard  foft  whifpers,  made 
at  a confiderable  diftance,  which  were  not  in  the  lead:  perceiv’d  by  the 
healthy  by-ftanders  ; nor  would  have  been  by  him,  before  his  ficknefs  r 
but  when  the  fever  had  quite  left  him,  he  heard  bat  as  other  men.  I 
likewife,  know  a gentleman,  who,  during  a diftemper  in  his  eyes, 
had  his  organs  of  fight  brought  to  be  fo  tender,  that  both  himfelf, 
and  his  friends,  have  affur’d  me,  when  he  awak’d,  in  the  night,  he- 
cou’d,  for  a while,  plainly  fee,  and  diftinguifh  colours,  and  other  vift- 
ble  objedts  •,  as  was,  more  than  once,  try’d,  by  pinning  ribbands,  or 
the  like  bodies,  of  feveral  colours,  to  the  infide  of  his  curtains,  in  the 
dark. 

But  there  are  effluvia  which  affedt  other  creatures,  tho’  they  make^^^ 
no  impreffions  on  men.  A perfon  of  quality,  to  whom  I am  near  allied,  affeanotmev, 
allured  me,  that,  to  try  whether  a young  blood-hound  was  well  mad  z^but  other  crea- 
te caused  one  of  his  fervants,  who  had  not  kill’d,  or  touch’d,  any  of  his'"'** 
deer,  to  walk  to  a country  town,  four  miles  off,  and  then  to  a market- 
town  three  miles  diftant  from  that  ; which  done,  this  nobleman,  a com- 
petent while  after,  put  the  blood-hound  upon  the  fcent  of  the  man,  and 
caus’d  him  to  be  follow’d  by  a fervant  or  two  the  mafter  himfelf  going 
after,  to  Ipiow  the  event  j which  was,  that  the  dog,  without  ever  feeing 
the  man  he  was  to  purfue,  followed  him,  by  the  fcent,  to  the  a- 
bove-mention’d  places,  notwithstanding  the  multitude  of  market-people 
who  went  along  in  the  fame  way,  and  of  travellers,  who  had  occafion 
to  crofs  it : and  when  the  blood- hound  came  to.  the  chief  market-town, 
he  pafs’d  thro’  the  ftreets,  without  taking  notice  of  any  of  the  people 
there,  and  left  not  till  he  had  gone  to  the  houfe,  where  the  man,  he 
fought  for,  refted  himfelf  i and  found  him  in  an  upper  room.  An  inge- 
nious gentleman  affur’d  me,  he  had  dogs,  of  fo  good  a fcent,  that  if  a 
buck  pafs’d  in  a wood,  on  one  day,  they  will,  on  the  next,  when  they 
come,  near  where  the  fcent  lies,  tho’  at  fuch  a diftance  of  time,  prefent- 
ly  find  it,,  and  run,  diredtly,  to  that  part  of  the  wood  where  the  buck  is. 
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Physics.  He  alfo  told  me,  that  tho’  an  old  blood-hound  will  not  fo  ealily  fix  on 
the  fcent  of  a fingle  deer,  that  prefently  hides  himfelf  in  a whole  herd  *, 
yet,  if  the  deer  be  chas’d  a little,  till  he  is  heated,  the  dog  will  go  nigh 
to  fingle  him  out.  The  fame  gentleman  farther  affirmed,  that  he  cou’d 
eafily  diftinguifh,  whether  his  hounds  were  in  chafe  of  a hare  or  a fox, 
by  their  way  of  running,  and  holding  their  nofes  higher  than  ordinary, 
when  they  purfue  a fox,  whofe  fcent  is  ftronger.  Thefe  relations  will 
not  be  judg’d  incredible  by  him,  who  refledls  on  fome  of  the  inflance^ 
we  have  produced,  of  the  ftrange  fubtilty  of  effluvia.  And  to  try  whe- 
ther I cou’d,  in  fome  meafure,  by  art,  imitate  nature,  I prepar’d  a bo- 
dy, of  a vegetable  fubftance  ; which,  tho’  it  were,  actually,  cold,  and 
feem’d  dry,  both  to  the  eye  and  touch,  for  a while  emitted  fuch  deter- 
minate and  piercing,  tho’  invifible  exhalations,  that,  having  applied  to 
it  a clear  metalline  plate,  for  about  a minute,  I found,  tho’  there  had 
been  no  immediate  contact  between  them,  having,  purpofely,  interpos’d  a 
piece  of  paper  to  hinder  it  *,  yet,  there  was  imprinted,  on  the  furface  of 
the  plate,  a confpicuous  ftain  of  that  peculiar  colour,  the  body,  with 
whofe  fleams  I had  imbu’d  the  vegetable  fubftance,  was  fitted  to  give  to 
that  mix’d  metal.  And  tho*  in  fome  circum fiances,  inflances  about 
blood-hounds  have  a confiderable  advantage  of  this  experiment,  yet  they 
lofe  it  again  in  others  •,  for  here  the  emitting  body  was  firm  and  cold 
but  the  effedl  produced  by  the  effluvia  that  guided  the  dog,  was  upon 
the  organ  of  a warm  living  creature,  and  fuch  an  one,  whofe  organs  of 
fmelling  are  of  an  extraordinary  tender  conftitution,  above  thofe  of  o- 
ther  animals  ; and  probably  the  impreffion  was  but  tranfient  *,  whereas, 
in  our  cafe,  the  invifible  fleams  of  the  vegetable  fubftance,  wrought  up- 
on a body  of  fo  ftrong  and  inorganical  a texture,  as  a metal,  fenced  by 
being  wrapp’d  up  in  paper  •,  and  yet  thefe  fleams  invaded  it  in  fuch  num- 
bers, and  fo  confiderably,  as  to  make  their  operation  on  it,  permanently, 
manifeil  to  the  eye  •,  for,  coming  to  look  upon  the  plate  three  days  af- 
ter, I found  the  colour  yet  confpicuous,  and  not  likely  to  vanifh  on  a 
fudden. 

Hitherto  I have  argued,  from  the  conflant  and  fettled  difference  of  the 
fenfible  qualities  of  effluvia,  that  they  do  not,  always,  lofe  their  diflindh 
natures,  when  they  feem  to  have  loft  themfelves,  by  vanifhing  into 
air.  But  it  wall  be  alledg’d,  that,  in  many  cafes,  the  effluvia  of  bo- 
dies may,  in  their  paffage  thro’  the  air,  be  lenfibly  alter’d,  or  affedl  the 
organs  of  fenfe,  otherwife  than  each  kind  of  them,  apart,  wou’d  do. 
And,  indeed,  it  feems  confiftent  with  experience,  that  fome  fuch  cafes 
fhould  be  admitted.  However,  in  thofe  I have  infilled  upon,  and  many 
more,  fuch  alterations  need  not  hinder,  but  that  effluvia,  at  their 
firft  parting  from  the  bodies  whence  they  proceed,  fhou’d  retain  as  much 
of  the  nature  of  thofe  bodies,  as  we  have  afcrib’d  to  them  ? fince  the 
fubfequent  change  may,  very  probably,  be  deduced  from  the  combinations 
and  coalitions  of  feveral  fleams  affociating  themfelves  in  the  air,  and 
adling  upon  the  organs  of  fenfe,  either  conjointly,  or,  at  leaft  fo  near 
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it,  that  the  fenfe  cannot  perceive  their  operations  diftindfc.  Thus,  in  a Physics. 
muiical  inftrument,  if  two  firings,  tun’d  to  an  eighth,  be  touch’d  toge-  ^ 
ther,  they  flrike  the  ear  with  a found  that  will  be  judg’d  to  be  but  one 
tho*  each  of  the  trembling  firings  makes  a diflind  noife,  and  the  one 
vibrates  as  fafl  again  as  the  other.  And  if,  into  oil  of  tartar,  per 
deliqiiium,  you  drop  a due  proportion  of  fpirit  of  nitre,  and  exhale  the 
fuperfluous  moiflure,  the  acid  and  alkaline  corpufcles,  that  were  fo 
fmall,  as  to  lwim  invifibly  in  thofe  liquors,  will  convene  into  nitrous  con- 
cretions, whofe  tafle  will  be  compounded  of,  but  greatly  differ  from 
both  the  tafles  of  the  acid  and  ta rtareous  particles  *,  which  particles  may 
yet,  for  the  mofl  part,  by  a fkilful  diflillation,  be  divorc’d  again.  And 
fo,  if,  to  a flrong  folution  of  pot-afhes,  or  fait  of  tartar,  you  put  as  much 
fal-armoniac  as  there  is  of  either  of  thofe  fixed  falts  contained  in  the 
liquor,  you  may,  befides  a fubtile  urinous  fpirit  that  will  eafily  come  o- 
ver  in  the  diflillation,  obtain  a dry  Caput  mortuum , that  is  almofl,  totally* 
a compound  fait,  different  from  either  of  the  ingredients,  efpecially  the 
alkaline,  as  well  in  tafle,  as  in  fome  other  qualities. 

I fhall  now  add  a few  inflances  of  the  coalition  and  refulting  change  Examples  of 
of  fleams  in  the  air.  ’Tis  eafily  obfervable,  in  a nofegay,  where  the  coalitions,  and 
different  flowers  happen  to  be  conveniently  mix’d,  that  in  the  fmell  af-  refHlt^chan" 
forded  by  it,  at  a due  diflance,  the  odour  of  the  particular  flowers  are  ^ ^ eams- 
not  perceiv’d,  bur  the  organ  is  affefred  by  their  joint  adlion,  which  makes 
on  it  a confus’d,  but  delightful  impreffion.  And  fo,  when  in  a ball  of 
pomander,  or  a perfum’d  fkin,  mufk,  civet,  &c.  are  fkilfully  mix’d  ; the 
coalition  of  the  diflin£t  effluvia  of  the  ingredients,  that  affociate  them- 
felves  in  their  paffage  thro*  the  air,  produce,  on  the  organ,  one  grateful 
perfume,  refulting  from  all  thofe  odours.  But  if  you  take  fpirit  of  fer- 
mented urine,  and  fpirit  of  wine,  both  of  them  weak,  and  mix  them  to- 
gether, they  will  incorporate,  like  wine  and  water,  without  affording 
any  dry  concretions  : if  you  expofe  them,  whilfl  in  a convenient  veffel, 
but  to  the  mild  heat  of  a bath,  or  lamp  ; the  afeending  particles  will 
affociate  themlelves,  and  adhere  to  the  upper  part  of  the  glafs,  in  the  form 
of  a white  tender  fublimate,  confiding  both  of  urinous  and  vinous  fpi- 
rits,  affociated  into  a mixture,  which  differs  from  either  of  the  liquors* 
not  only  in  confidence,  tafle,  and  fmell,  but  in  fome  confiderable  ope- 
rations. And  if  fpirit  of  fait,  and  fpirit  of  nitre  be,  by  diflillation,  e- 
levatedinthe  form  of  fumes,  fo  as  to  convene  into  one  liquor,  in  the  re- 
ceiver ; this  liquor  will  readily  di  flblve  crude  gold  r tho*'  neither  the  fpi- 
rit .of  nitre  alone,  nor  that  of  fait,  would  do  fo. 

And,  to  give  an  ocular  proof  of  the  pofflbility  of  the  diflindtnefs,  and 
fubfequent  commixture  of  fleams  in  the  air,  I fhall  relate  an  experiment 
devis’d  for  that  purpofe.  I took  two  fmall  vials,  the  one  fill’d  with- 
weak  fpirit  of  fait,  the  other  with  fpirit  of  fermented  urine,  or  of  fal- 
armoniac,  very  well  redlify’d  ; thefe  vials  being  unflopp’d,  and  placed  at 
fome  diflance  from  one  another,  each  liquor  afforded  its  own  fmell,  by 
• the  invifible  fleams  it  emitted  into  the  air.  But  when  thefe  vials  were 
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Physics,  brought  very  near  to  each  other,  tho’  not  fo  as  to  touch,  their  refpec- 
tive  effluvia,  meeting  in  the  air,  would  a<5t  upon  one  another,  and,  by  their 
mutual  occurfions,  become  manifeftly  vifible,  and  appear  moving  in  the 
air,  like  a little  portion  of  fmoak,  or  mill  which  wou’d  quickly  ceafe, 
if  either  of  the  vials  were  remov’d  half  a foot,  or  a foot,  from  the  o- 
ther.  And,  what  adds  to  the  oddnefs  of  the  phenomenon,  I,  fometimes, 
fufpended  a drop  of  the  fpirit  of  fait,  at  the  bottom  of  a little  Hick  of 
glafs ; and  held  this  drop,  in  the  orifice  of  a vial,  containing  fpirit  of  fal- 
armoniac,  and  ftirnifh’d  with  a fomewhat  long  neck  ; whereby  the  amend- 
ing urinous  particles,  tho’  invifible  before,  plentifully  invading  the  acid 
ones  of  the  drop,  produced  a notable  fmoak  •,  which,  if  the  drop  were 
held  a little  above  the  neck  of  the  glafs,  would,  moll  commonly,  fly  up- 
wards, to  the  height  of  a foot,  or  half  a yard  ; but,  if  held  fomewhat 
deep  in  the  hollow  of  the  neck,  a large  part  of  the  produced  fmoak 
would  often  fall  into  the  cavity  of  the  vial,  which  was  left  in  great 
part  empty,  fometimes  in  the  form  of  drops,  but  ufually  in  that  of  a 
flender,  winding  dream,  of  a white  colour,  that  feem’d  to  flow  down,  juft 
like  a liquor,  from  the  depending  drop,  till  it  had  reach’d  the  fpirit  of 
fal-armoniac*,  upon  whofe  furface  it  would  fpread  itfelf,  like  a mift. 
Whence,  pro-  It  might  here  deferve  to  be  con  fide  r’d,  whether  thefe  coalitions,  of  dif- 
h ably, met  ears,  ferent  forts  of  fteams  in  the  air,  and  the  changes  of  their  particular 
contagious  dlf-. precedent  quantities,  refulting  thence,  may  not  aflift  us  to  difcover  the 
Their nmtn'alS^fes  of  fudden  clouds  and  mills,  and  fome  other  meteorological  phe- 
nomena ; and  alfo  of  feveral  changes  that  happen  in  the  air,  with 
regard  to  the  coming  in,  and  ceaftng,  either  of  epidemical  or  contagious 
difeafes,  and,  particularly,  the  plague.  For  thefe  feem  to  depend  upon 
fome  occult  temperature,  and  alterations  of  the  air  •,  which  may  be 
greatly  impregnated  by  the  different  fubterraneal  effluvia,  that  often 
afcend  into  it  with  peftiferous,  or  other  morbifick  corpufcles  *,  fome- 
.times  with  others  of  a contrary  nature  : and  fometimes  too,  perhaps, 
neither  the  one  fort  of  fteams,  which  may  be  fuppos’d  to  have  imbu’d 
the  air,  is,  in  itfelf  deftrudlive  ; nor  the  other  falutary,  but  become  fo 
upon  their  cafual  coalition  in  the  air.  The  judicious  Biemerbroeck  tells 
us,  he  very  often  obferved,  during  the  great  plague  at  Nimmeguen , that 
the  diftemper  conftantly  happened  in  fuch  houfes,  wherein  linen  was 
wa fh’d  with  Butch  foap  j and  that  always,  the  fame  day,  or  the  day 
after,  two  or  three  perfons  would  fall  fick  together,  in  the  fame  houfe; 
they  themfelves  acknowledging,  that  the  ill  fcent  of  the  foapy  water, 
wrought  thefirft  great  change  in  them.  He  adds,  alfo,  that  he  had 
the  unwelcome  experience  of  this,  in  his  own  houfe  •,  where,  immedi- 
ately upon  waffling,  moft  of  the  family  were  taken  ill : but  three  wo- 
men fell  fick  of  the  plague  on  the  night  following,  and  died  foon  after. 
Now  tno’,  perhaps,  fome  other  caufe  of  this  odd  phenomenon  may  be 
devis’d,  yet,  that  which  I afflgn,  feems,  at  leaft,  a probable  one  ; fmce, 
as  his  manifeft,  by  daily  experience,  the  fmell,  occafion’d  by  the 
walking  of  foul  linen,  with  the  foap,  commonly  us’d  in  the  Netherlands , 
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produces  not  the  plague  *,  fo,  by  our  author’s  obfervation,  it  appears,  Physics 
either  that  there  were  not  yet  any  peftilential  effluvia  in  the  air  of  thole  v— 
places,  which,  on  occafion  of  the  wafhing,  became  infedled ; or,  at  tcaft, 
that,  by  the  addition  of  the  fetid  effluvia  of  the  foapy  water,  thofe  morbi- 
fic particles,  that  were  difpcrs’d  thro*  the  air  before,  had  not  the  power  to 
introduce  a malignant  conftitution  into  it,  and  to  adl  as  truly  peftilential, 
till  they  were  enabled  to  do  it,  by  being  aflociated  with  the  ill-fcented 
effluvia  of  the  foap. 

Whether,  alfo,  falutary,  and  alexipharmic  corpufcles,  may  not  be 
produced  in  the  air,  by  coalition,  might  be  very  well  worth  our  inqui- 
ry ; efpecially,  if  we  had  a good  hiftorical  account  of  the  yearly  ceaf- 
ing  of  the  plague  at  Grand  Cairo.  For,  as  Profper  Alpinus , who  pradli- 
fed  phyfic  there,  and  fome  of  my  acquaintance,  who  have  been  upon 
the  fpot,  inform  me,  almoft  in  the  midft  of  fummer,  as  foon  as  the 
river  begins  to  rife,  the  plague  has  its  malignity  fuddenly  check’d, 
even  in  thofe  who  are  already  infedled  •,  and  foon  after  ceafes : whence, 
if  other  circumftances  contradidl  not,  we  might  guefs,  that  this  ftrange 
phenomenon  may  be  chiefly  occafion’d  by  fome  nitrous,  or  other  corpuf- 
cles, that  accompany  the  overflowing  of  the  Nile ; and,  by  affocia- 
ting  themfelves  with  the  noxious  effluvia,  difable  them  from  produ- 
cing their  pernicious  effedts.  Mr.  Sandys  takes  notice,  that  about  the 
time  of  the  overflowing  of  the  Nile , whofe  abounding  with  nitre  has 
been  obferv’d,  even  by  the  ancients,  that  there  is  a certain  moiftening 
vapour  diffus’d  thro’  the  air.  “ To  prove,”  fays  he,  “ that  the  over- 
“ flowing  of  the  Nile  proceeds  from  a natural  caufe,  this  experiment  will 
“ fufflce.  Take  of  the  earth  of  Egypt , adjoining  to  the  river,  and  pre- 
“ ferve  it  carefully,  that  it  neither  come  to  be  wet,  nor  wafted ; weigh 
“ it  daily,  and  you  ftiail  find  it  neither  more  nor  lefs  heavy,  till  the 
“ 17th  of  June , at  which  day  it  begins  to  grow  more  ponderous,  and 
“ increafes  with  the  augmentation  of  the  river  * whereby  they  have  an 
<c  infallible  knowledge  of  the  ftate  of  the  deluge,  proceeding,  without 
“ doubt,  from  the  humidity  of  the  air,  which  having  a recourfe  thro* 

“ all  paflable  places,  and  mixing  therewith,  increafeth  the  fame  as  it  in- 
“ creafeth  in  moifture.”  That  thefe  fanative  fleams  perform  their  ef- 
fedls, merely  becaufe  they  are  moift,  I prefume,  will  fcarce  be  preten- 
ded •,  but  that  they  may  be  of  fuch  a nature,  as,  by  their  coalition  with 
the  morbific  corpufcles,  to  increafe  their  bulk,  and  alter  their  figure,  or 
precipitate  them  out  of  the  air,  or  clog  their  agility,  or  pervert  their  mo- 
tions ; in  a word,  deftroy  all,  or  fome  of  thofe  mechanical  properties 
which  render’d  them  peftilential,  and  this  fo  that  there  may  refult,  from 
the  affociation  of  two  forts  of  particles,  whereof  one  was  of  a highly  nox- 
ious nature,  a harmlefs  mixture,  might  here  be\  made  probable  from  feve- 
ral  confiderations.  Let  me  add,  that  having  purpofely  made  a vifible  and 
lafting  ftain,  on  a folid  body,  barely  by  cold  effluvia,  I did,  by  the  in  vi- 
fible and  cold  fleams . of  another  body,  make,  in  two  or  three  minutes,  a 
vifible  change  in  the  colour  of  that  ftain. 

Vol.  I.  Kkk 


That 


43+  Effluvia. 

Physics,  That  meteors  may,  fometimes,  be  produced,  by  the  occurfions  of  fub- 
terraneal  effluvia,  fome  of  them  of  one  determinate  nature,  and  fome  of  an- 
other, I might  fhew,  by  various  inftances  of  the  plentiful  impregnation  of 
the  air,  at  fome  times,  and  places,  with  fleams  of  very  different  natures  ; 
and  fuch  as  are  not  fo  likely  to  be  attradled  by  the  heat  of  the  fun,  as  to  be 
fent  up  from  the  fubterraneal  regions,  and  fometimes  from  minerals  them- 
felves.  And  tho’  the  effluvia,  arifing  from  the  bowels  of  the  earth,  are 
fometimes  ill-fcented,  yet,  they  are  not  always  fo.  And  fulphureous  ex- 
halations from  cold  and  aqueous  liquors,  may  be  fhewn  to  retain  their  de- 
terminate nature  in  the  air,  and,  accordingly,  to  a6t  upon  folid  bodies,  to 
whofe  conflitution  they  chance  to  prove  proportionate. 

The  experienc’d  Agricola , having  mention’d,  out  of  ancient  hiflorians, 
the  raining  of  white  and  red  liquors,  which  they  erroneoufly  took  for  milk 
and  blood,  fubjoins  \ “This  may  be  the  more  eafily  credited,  becaufe,  in 
“ our  fathers  memory,  drops  fell  from  the  air,  in  Sweden , which  flain’d 
“ fuch  clothes  as  were  made  of  linen,  with  red  croffes,  as  if  they  had  been 
“ blood.”  And  ’tis  the  lefs  improbable,  that  the  more  agile  corpufcles  of 
fubterraneal  falts,  fulphurs,  and  bitumens  may  be  rais’d  into  the  air,  and 
keep  their  diflindl  natures  in  it,  if  fo  fix’d  a body,  as  common  earth  it  felf, 
can  be  brought  to  fwim  in  that  fluid  *,  yet,  the  fame  Agricola  affures  us,  that 
he  faw  rain  fall,  fo  mix’d  with  clay,  that  the  ftreets  were  every  where  co- 
ver’d with  it. 

And  to  fhew,  that,  in  fome  cafes,  the  particles  even  of  vegetable  bo- 
dies, may  not  fo  foon  perifh  in  the  air  as  they  difappear  in  it,  but  re- 
tain diflindl  natures,  at  a greater  diflance  than  one  would  imagine,  from 
the  bodies  that  plentifully  emit  them  •,  I fhall  add,  than  an  ingenious  gen- 
tleman, who  went  on  a confiderable  employment  to  the  Eajl- Indies,  ac- 
quainted me  that,  failing  along  the  coaft  of  Ceylon , famous  for  cinnamon- 
trees,  and  well-fcented  gums,  the  wind,  which  then  chanced  to  blow 
from  the  iiland,  brought  them  a manifeflly  odoriferous  air,  tho’  they 
kept  off,  perhaps  20,  or  25  miles  from  the  fhore.  Nor  fhould  this  be 
thought  incredible,  becaufe  the  diffufion  feems  fo  difproportionate  to 
that  of  other  bodies  diffolv’d  by  fluids ; as  for  inflance,  tho’  fait  be  an 
adlive  body,  and  refoluble  into  abundance  of  minute  particles,  yet,  one 
part  of  filt  will  fcarce  be  tailed  in  an  hundred  parts  of  water.  For, 
fenfibly  to  affedl  fo  grofs  an  organ,  as  that  of  our  tafle,  there  is  ufually 
required  in  fapid  particles,  a bignefs  far  exceeding  that  which  is  ne- 
ceffary  to  make  bodies  fit  objedls  for  the  fenfe  of  fuelling.  Befides, 
there  is  a great  difference  between  the  power  a body  has  to  impregnate 
fo  thin  and  fine  a fluid  as  the  air,  whofe  parts  are  rare  and  lax,  and 
that  which  it  has  to  impregnate  liquors,  fuch  as  water,  or  wine,  whofe 
parts  are  fo  crowded,  as  to  make  it  vifible,  tangible,  and  ponderous.  And 
I found,  by  trial,  that  one  drop  of  good  chymical  oil  of  cinnamon,  be- 
ing duly  mix’d,  by  means  of  fugar,  with  wine,  retain’d  the  determinate 
talle  of  cinnamon,  tho’  it  was  diffus’d  into  near  a quart  of  it : whence 
I concluded,  that,  upon  the  common  fuppofition,  according  to  which  a 
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drop  is  reckon’d  for  a grain,  one  part  of  oil  had  given  the  fpecific  tafte  Physics. 
of  the  fpice  it  was  drawn  from,  to  near  fourteen  thoufand  parts  of  wine. 

By  comparing  this  experiment  with  what  I noted,  about  the  proportion 
of  faltrequifite  to  communicate  a tafte  thereof  to  water,  it  will  eafily  appear, 
that  there  may  be  a very  great  difference,  in  point  of  diffufivenefs,  be- 
tween the  little  particles  that  make  bodies  fapid.  I muft  not  omit,  that, 
befides  the  almoft  innumerable  fapid  parts  of  a fpicy  drop  communicated 
to  the  wine,  it  thence  diffufed  a vail  number  of  odoriferous  particles  into  the 
air  ; which  both  I,  and  others  perceiv’d  to  be  imbu’d  with  the  diftin6t 
fee nt  of  cinnamon  : and  the  liquor  was  able  to  have  render’d  it  fpicy  for  a 
very  long  time. 

The  third,  and  laft  way  I fhall  mention,  to  fhew  the  determinate  na-  q%e  third 
ture  of  effluvia,  arifes  from  the  confideration  of  their  effedls  upon  other  bo-  way  of  deter • 
dies  than  the  organs  of  our  fenfes.  For  the  effects  that  certain  bodies  pro-  7nlmnZ  the 
duce  on  others  by  their  effluvia,  being  conftant  and  determinate,  and  often  jfa™ia,by 
very  different  from  thofe  which  other  agents,  by  their  emifflons,  work  up  - their  effe  a son 
on  the  fame,  and  other  fubje&s  ; the  diftin6l  nature  of  the  corpufcles  emit^  bodies  diffe- 
ted,  may  be  thence  fufficiently  gather’d.  moffen/t 

Now,  the  temporary  numbnefs,  or  ftupefa6lion,  produced  in  the  foot,  or&am  D*'enJ  ' 
by  the  effluvia  of  the  fifh,  which  we  formerly  took  notice  of,  as  mention’d 
by  Pifo , manifefts,  that  thofe  ftupefying  exhalations  retain  a peculiar 
and  venomous  nature,  during  their  whole  paflage  thro’  the  fhoe,  flock- 
ing, and  fkin,  interpos’d  betwixt  the  fifh  and  the  nervous  part  of  the 
foot,  benumb’d  by  it.  And  tho’  there  are  few  other  bodies,  in  the  world, 
minute  enough  topafs  thro’ the  pores  of  glafs  ; ’tis  apparent,  by  the  experi- 
ment of  iron,  hermetically  feal’d  up  in  a glafs-pipe,  that  the  magnetical 
effluvia  of  the  earth  may  retain  their  peculiar  nature,  in  a fmallnefs  that  qua- 
lifies them  to  pafs  thofe  freely. 

That  feveral  bodies,  of  a venomous  nature,  may  exercife  fome  fuch 
operations  upon  others,  by  their  effluvia  tranfmitted  through  the  air,  as 
they  ufually  do  in  their  grofs  fubftance,  is  a truth  whereof  there  are 
fome  examples  among  phyficians.  Sennertus  obferves,  as  a known  thing, 
that  apothecaries  fervants  have  been  call  into  profound  fleeps,  when,  in 
diftilling  opiate  and  hypnotic  liquors,  they  have  receiv’d  in,  at  their  no- 
ftrils,  the  vapours  exhaling  from  thofe  bodies.  ’Tis  recorded  by  the 
writers  on  poifons,  that  the  root  and  juice  of  mandrake  caft  thofe  who 
take  them,  into  a deep  fopor,  not  unlike  a lethargy.  And  tho’  the  ap- 
ples of  the  fame  plant  are  thought  much  lefs  malignant,  yet  Levinus 
Lemnius  relates,  that  having  laid  fome  of  them  in  his  ftudy,  he  was,  by 
their  fleams,  more  than  once,  made  fo  fleepy,  that  he  could  hardly  recover 
himfelf  •,  but,  the  apples  being  taken  away,  he  regain’d  his  vigilance  and 
alacrity. 

Among  all  poifons  there  is  fcarce  any  whofe  phenomena,  in  my  o- 
pinion,  are  more  ftrange,  than  thofe  that  proceed  from  a mad  dog  ; 
yet,  even  this  poifon,  which  feems  to  require  corpufcles  of  fo  odd  and 
determinate  a nature,  is  recorded,  by  phyficians,  to  have  been  convey’d 
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Physics,  by  exhalations.  Aretaus  writes,  that  a man,  who  was  never  bit,  but  on- 
s~ " ly  receives  the  breath  of  a mad  dog,  will  grow  mad  ; and,  we  have  ac- 

counts of  animals  that  become  mad,  by  having  eaten  of  the  parts  or 
excrements  of  thofe  who  were  mad.  So  Calius  Aurelianus  tells  us,  that 
fome  have  been  made  to  run  mad,  not  by  being  bitten,  but  wounded 
only  with  the  claws  of  a mad  dog ; and  adds,  that  a man  fell  into  a 
hydrophobia,  without  being  bitten,  but  infe&ed  by  the  fmell  of  a mad 
dog ; whereby  I underftand  a fwarm  of  effluvia,  which  are,  molt  com- 
monly, all,  or,  at  leaft,  fome  of  them,  odorous.  And,  tho’  it  may  feem 
ftrange,  that  the  venom  of  a mad  dog  fhould  be  communicated  other- 
wife  than  by  the  bite  *,  ’tis  the  lefs  improbable  becaufe  Matthaus  de  Gra - 
dibus  names  a perfon  who  prov’d  infedted  many  days  after  having  put  his 
hand  into  the  mouth  of  a mad  dog  that  did  not  bite  him.  And  Mat- 
thiolus  relates,  that  he  faw  two  who  w'ere  made  mad  without  any  wound, 
by  the  bare  flabber  of  a mad  dog^  Sennertus  affirms  it  of  a painter  of 
his  acquaintance,  who,  when  he  open’d  a box,  in  which  he  had  long 
kept  included  realgar,  a noxious  mineral,  fometimes  ufed  by  painters, 
and  not  unknown  to  chy mills  •,  and  had  unfortunately  fnuff’d  in  the 
Hearns  of  it ; that  he  was  feiz’d  with  a giddinefs  in  his  head,  and  fainting 
fits  •,  his  whole  face  alfo  fwelling  *,  tho’,  by  taking  of  antidotes,  he  faved 
his  life. 

The  probability  of  what  I have  thus  cited,  from  credible  authors, 
may  be  ftrengthened  by  the  following  proof  of  the  diftindl  nature  of  ef- 
fluvia. A phyfician  of  my  acquaintance,  caufing  a large  quantity  of 
black  hellebore-root  to  be  long  pounded  in  a mortar,  moft  of  thofe  who 
were  in  the  room,  and,  efpecially,  the  perfon  who  powder’d  it,  were 
thereby  purged,  and  fome  of  them  ftrongly.  Sennertus  affirms,  that  fome 
will  be  purg’d  by  the  very  odour  of  colocynth.  And  in  the  cafes  I have 
alledg’d,  exhalations  endow’d  with  occult  qualities,  (as  cathartic  medi- 
cines are  fuppofed  to  be)  afcend  into  the  air,  without  being  forced  from  the 
bodies  they  belong’d  to,  by  any  external  heat. 

And,  if  I were  here  to  alledge  the  operations  of  fuch  effluvia  as  do  not 
pafs  into  the  air,  but  operate  only  by  the  contadl  of  the  external  parts 
of  the  body,  I cou’d  give  inftances,  not  only  of  the  purgative,  but  the  e- 
metic  qualities  of  fome  medicines  exerted  without  being  taken  in  at  the 
mouth,  or  injedted  with  inftruments. 

There  are,  alfo,  other  forts  of  examples  than  thofe  hitherto  mention’d, 
that  argue  a determinate  nature  in  the  effluvia  of  fome  bodies  emitted  in- 
to the  air.  Approved  writers  tell  us,  that  the  fhadow  of  a walnut-tree, 
with  the  leaves  on  it,  is  very  hurtful  to  the  head  ; and  fome  inftances 
they  give  us,  of  great  mifchief  it  has  fometimes  done : and  tho’  this 
fhadow  is  not  likely  to  produce  fuch  a bad  effedl,  yet  the  effluvia  of 
the  neighbouring  plant  may  be  noxious  enough  to  the  head.  For  I,  be- 
ing not  at  all  prepoflefs’d  with  this  opinion,  without  fcruple  reforted  to 
the  fhade  of  walnut-trees,  in  a hot  country,  but  was,  by  experience, 
forced  to  think  it  might  give  others  the  head-ach,  fince  it  did  to  me, 

who 
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who  am  very  little  fubjetft  to  that  diftemper.  Some  ingenious  travel-  Ph  v 
lers  into  the  Weft-Indies  affirm,  that  birds  will,  there,  not  only  for-  — 
bear  to  eat  of  the  fruit  of  venomous  plants  and  trees,  but  will  not  fo 
much  as  light  on  fome  of  them  *,  which  nature,  probably,  inflrufls  them, 
by  fome  noxious  fmell,  or  other  particular  effluvia,  to  avoid.  And  fome 
of  our  navigators  give  it  for  a rule,  to  thole  who  happen  to  land  in  un- 
known iflands,  that  they  may  venture  to  eat  fuch  plants  or  fruits,  which 
they  can  perceive  the  birds  to  have  been  pecking  at  before.  Nico'aus 
Florentinus  tells  us  of  a certain  Lombard , who  having,  in  a houfe  at  Flo- 
rence, burned  a great  black  fpider,  at  the  flame  of  a candle,  fo  unwari- 
ly, that  he  drew  in  the  fleams  of  it  at  his  noflrils,  prefently  began  to 
be  much  diforder’d,  and  fell  into  a fainting  fit,  and,  for  the  whole  night, 
had  his  heart  much  affedled ; his  pulfe  being  fo  weak,  as  hardly  to  be 
perceiv’d  •,  tho5  he  was,  afterwards,  cured  by  a mixture  of  Venice- treacle 
Biamofchus , and  the  powder  of  zedoary.  In  Ireland , I gather’d  a certain 
plant  peculiar  to  fome  parts  of  that  country,  which  the  natives  call  Maccu- 
buy , whofe  operations  are  odd  and  violent.  This  plant,  a phyfician,  to 
make  an  extradl,  caus’d  his  man  to  beat  in  a mortar  ; but  he  was  loon  obliged 
to  defifl ; and  the  doclor  himfelf,  tho*  at  a diflance  off,  was  fo  affedted  by 
the  corpufcles  that  thence  iffu’d  out  into  the  air,  that  his  head,  and  particu- 
larly his  face,  fwell’d  to  an  enormous  fize,  and  continu’d  tumid  for  a long 
time  after. 

’Twill  be  needlefs  to  produce  more  inflances  to  fhew  the  determi- 
nate nature  of  effluvia,  fmall  enough  to  wander  through  the  air,  if  we 
confider,  that  many  odoriferous  bodies,  for  inflance,  amber,  mulk,  ci- 
vet, £s?r.  as  they  will,  by  the  adhefion  of  their  whole  fubflance,  perfume 
Ikins,  linen,  &V.  fo  they,  in  time,  perfume  fome  bodies  difpos’d  to  ad- 
mit their  adtion,  tho’  kept  at  a diflance  from  them  *,  and  that,  in  pe- 
flilential  fevers,  and  other  contagious  diflempers,  as  the  plague,  fmall- 
pox,  the  fame  determinate  difeafe  is  communicable  to  found  per- 

sons, not  only  by  the  immediate  contadl  of  one  who  is  infedted,  but 
without  it,  by  the  contagious  fleams  that  exhale  from  his  body  into  the 
air. 

To  conclude  with  an  experiment ; having  found  that  volatile  and  ful- 
phureous  falts  v ou’d  fo  work  upon  fome  acid  ones,  fublim’d  with  mer- 
cury, as  to  produce  an  odd  diveifity  of  colours,  but  chiefly  an  inky  one ; 

I took  an  ounce,  or  more,  of  my  volatile  tindlure  of  fulphur,  made  with 
quick- lime,  fulphur,  and  fal-armoniac,  and  flopp’d  it  up  in  a vial  ca- 
pable of  containing,  at  leaf!  , twice  as  much  : then  taking  a paper,  where- 
on fomething  had  been  written  with  invifible  ink ; I laid  it  down  fix  in- 
ches from  the  viaJ,  which,  being  unflopp’d,  began,  upon  the  accefs  of 
the  air,  to  emit  white  fumes  into  it  •,  and  by  thefe,  what  was  written 
upon  the  paper,  notwithflanding  its  diflance  from  the  liquor,  quickly  be- 
came very  legible,  tho’  not  quite  fo  fuddenly,  as  if  a paper,  written  up- 
on with  the  fame  clear  liquor,  were  held  at  the  like  diflance,  diredlly 
over  the  orifice  of  the  vial.  And  having  caus’d  feveral  pieces  of  clean 

paper 
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Physics,  paper  to  be  written  on  with  a new  pen,  dipt  in  the  clear  folution  of  fub- 
iimate  made  in  water,  ’twas  pleafant  to  fee  how  the  letters  of  thefe  fe- 
veral  papers,  being  plac’d  within  fome  convenient  diftance  from  the  vial, 
would  be  made  plainly  legible,  and  fome  of  them  more,  fome  lefs  black- 
ilh,  according  to  their  diftances  from  the  fmoaking  liquor,  and  other 
circumftances.  But  ’twas  more  furprizing  to  fee,  that  when  I held,  or 
laid  fome  of  thefe  papers,  tho’  with  the  written  fide  upwards,  juft  upon, 
or  over  the  orifice  of  the  vial,  tho’  the  contained  liquor  did  not  reach 
fo  high,  by  fome  inches,  yet  the  latent  letters  would  become  confpi- 
cuous  in  about  a quarter  of  a minute.  And,  as  it  may  be  obferved, 
that  in  fome  circumftances,  the  fmoaking  liquors,  and  the  folution 
of  fublimate,  will  make  an  odd  precipitate,  almoft  of  a filverifh  co- 
lour j fo,  in  one  or  two  of  our  trials,  we  found  a like  colour  produ- 
ced by  the  fleams  of  that  liquor,  in  fome  of  the  colourlefs  ink.  Nor  is 
it  neceffary  to  employ  a vifibly  fmoaking  liquor  to  blacken  the  invi- 
fible  ink  at  a diftance  : for  I have,  to  that  purpofe,  wfith  good  fuc- 
cefs,  employ’d  two  liquors,  wherein  there  was  neither  fulphur,  fal-ar- 
moniac,  nor  fublimate  *,  and  caufing  fomething  to  be  written,  with  dif- 
folv’d  fublimate,  upon  a piece  of  paper,  we  folded  the  paper  with  the 
written  fide  inwards,  and  then  wrapp’d  it  up  in  the  midfl  of  fix  fheets 
of  paper  folded,  fmgly,  on  each  other,  in  the  form  of  an  ordinary  let- 
ter or  packet  •,  fo  that  the  edges  of  the  inclofing  paper  being  inferted, 
one  within  the  other,  the  fumes  might  not  get  into  this  written  paper, 
but  by  penetrating  through  the  leaves  themfelves  : then,  that  fide  of  the 
packet,  on  which  the  fuperfcription  is  ufually  written,  was  laid  upon  the 
orifice  of  the  vial,  and  left  there  about  ten  minutes  * after  which,  taking 
off  the  folded  papers,  and  opening  them,  we  found,  that  the  fleams  had 
pervaded  all  the  leaves,  in  which  the  written  paper  was  inclofed  : for, 
tho’  thefe  did  not  appear  flained,  or  alter’d,  yet  the  characters,  latent  be- 
fore, appear’d  confpicuous. 

For  farther  fatisfa6lion,  we  took  a printed  book,  which  we  judg’d 
the  fittefl  for  our  purpofe,  becaufe,  the  leaves  being  broad,  they  might 
the  better  preferve  a fmall  paper,  placed  in  the  midfl  of  them,  from 
the  exhalations  fideways  *,  and  having  put  the  defign’d  paper  into  this 
book,  and  held  it  to  the  orifice  of  the  vial,  while  no  lefs  than  twelve 
leaves  interpos’d,  yet,  thofe  letters  that  happen’d  to  be  the  mofl  right- 
ly plac’d,  were  made  inky  , in  three  minutes  time  *,  tho’  this  liquor  had 
been  fo  long  kept,  and  fo  often  unflopp’d,  to  try  experiments,  that  it 
had,  probably,  loft  a great  part  of  its  mofl  fpirituous,  and  penetrating 
particles. 
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AS  the  greateft  part  of  the  pores  in  bodies,  is  too  minute  to  be  vi-  We  porofity  of 
fible,  fo  the  contemplation  of  them  has  been  thought  inconfider-  a”imal  ^ °m 
able.  dw' 

But,  fince  mod  qualities  depend  upon  the  ftruflure  of  the  minute  and 
invifible  particles  of  bodies ; and  fince  interfaces  and  pores,  necefTarily 
concur  thereto  ; the  dodtrine  of  porofity  mud  be  of  great  importance  in 
natural  philofophy.  I will  therefore  freely  communicate  what  obfervations 
I have  made  relating  to  this  fubjedt,  as  they  occafionally  occur’d  to  me  ; 
and  fird,  as  to  the  porofity  of  animal  bodies.  But  I fhall  not  here  be  fol- 
licitous  to  didribute  and  range  my  obfervations  \ fince  they  all  confpire  to 
fhew  but  this  one  thing  \ that  the  parts  of  animals,  efpecially  whild  alive, 
are  furnifh’d  with  numerous  pores  * **. 


* Sir  Ifaac  Newton  obferves,  that  bodies  are 
much  more  rare  and  porous,  than  is  ufually  ima- 
gin’d. “ Water,”  fays  he,  “ is  19  times  ligh- 
ter,  and,  by  confequence,  19  times  rarer  than 
“ gold  j and  gold  is  fo  rare,  as  very  readily,  and 
4t  without  the  leaft  oppofition,  to  tranfmit  the 

**  magnetic  effluvia,  and  eafily  to  admit  quick 
“ filver  into  its  pores,  and  to  let  water  pafs 
•4  througji  it.  For,  a concave  fphere  of  gold, 
fill’d  with  water,  and  folder’d  up,  has,  upon 


“ prefling  the  fphere,  with  great  force,  let  the 
“ water  fqueeze  through  it,  and  ftand  all  over 
“ itsoutfide  in  multitudes  of  fmall  drops,  like 
“ dew,  without  burfting  or  cracking  the  body 
u of  the  gold  ; as  I have  been  inform’d  by  an 
“ eye-witnefs.  From  all  which  we  may  con- 
“ elude,  that  gold  has  more  pores  than  folid 
“ parts ; and  by  confequence,  that  water  has 
“ above  40  times  more  pores  than  parts.’* 
Newton*  Optic,  p.  242, 
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And  this  porofity  is  deducible  from  the  frame  or  conflitution  of  the 
{table  parts  of  an  animal  body  *,  which  being  a curious  engine,  admi- 
rably contriv’d  for  the  exercife  of  feveral  functions,  it  was  neceffa- 
ry  it  fhould  be  fupplied  with  variety  of  difflmilar  and  organical  parts.  And 
becaufe  the  corpufcles,  brought  together  for  fuch  purpofes,  muft  be  fo  in- 
terwoven, as  not  exactly  to  touch  one  another  every  where  ; it  will  rea- 
dily follow,  that  they  muft  leave  little  intervals  or  pores  between  them ; 
and  that,  confidering  the  multitude  of  particles  employ’d  to  . make  up 
the  body  of  an  animal,  and  the  great  difference  and  variety,  in  point  of 
bulk  and  figure,  of  the  corpufcles  requifite.  to  conftitute  fuch  different 
parts  ; both  the  number  and  variety  of  the  pores  cannot  but  be  very  great. 
The  neceffity  of  pores  in  animal  bodies,  may,  likewife,  be  deduced  from 
their  manner  of  nutrition  *,  for,  a great  wafte  being  continually  made  of 
their  fubftance,  by  the  exclufion  of  vifible  excrements,  and  the  avolation 
of  invifible  fteams  •,  this  muft,  neceffarily,  be  repair’d  by  nutrition,  of 
which  the  beft  account  is,  that  the  alimental  juice,  prepared  chiefly  in  the 
ftomach,  being  impelled  to  the  feveral  parts  of  the  body,  and  the  corpuf- 
cles of  the  juice  infinuate  themfelves  at  the  pores  they  find  adapted  to 
their  bignels  and  lhape  ; whence  thofe  which  are  moft  agreeable,  being  af- 
fimilated,  add  to  the  fubftance  of  the  part  wherein  they  fettle,  and  fo  repair 
what  was  loft  before  by  that  part.  This  may  be  illuftrated  from  plants, 
in  which,  of  the  various  corpufcles  found  in  the  liquors  of  the  earth,  and 
agitated  by  the  heat  of  the  fun  and  the  air,  thofe,  that  happen  to  be  com- 
menlurate  to  the  pores  of  the  root,  are  impell’d  into  it,  or  imbib’d 
by  it,  and  thence  convey’d  to  the  other  parts  of  the  tree,  in  the  form 
of  fap ; which,  palling  thro9  new  (trainers,  receives  the  alterations  re- 
quifite to  their  converlion  into  wood,  bark,  leaves,  bloffoms,  fruit,  &c. 
Bat  to  return  to  animals  *,  our  argument,  from  their  nutrition,  will  be 
much  confirmed  by  confidering  that  in  children,  and  other  young  ani- 
mals, which  have  not  yet  attained  their  due  bulk,  the  nutrition  is  fo 
large,  as  to  amount  to  a continu’d  augmentation.  For,  as  it  is  evident 
that  animals  grow  in  all  their  parts,  and  in  each  part,  according  to  all 
its  dimenfions ; fo  we  cannot  well  conceive  how  this  fhould  happen,  un- 
lefs  the  nutritive  liquor  be  diftributed  through  the  whole  of  the  part  to 
be  augmented  •,  and  to  this  diftribution  it  is  requifite,  that  the  body  a- 
bound  with  pores,  into  which  the  fuitable  particles  of  the  juice  may  be  ad- 
mitted. 

Having  premifed,  once  for  all,  that  I often  ufe  the  word  (kin,  in 
the  popular  fenfe,  without  diftinguifhing  the  Cuticula , or  fcarf-fkin,  from 
the  Cutis  it  invefts,  I proceed  to  another  topic,  whence  the  porofity  of 
animals  may  be  argu’d  *,  namely,  the  great  plenty  of  matter,  daily  car- 
ried off  by  fweat,  and  infenfible  perfpiration.  For,  fweat  is  allow’d  to 
be  difcharg’d  at  the  pores  of  the  fkin.:  and  fince  there  is  no  pene- 
tration of  dimenfions,  we  may  conclude,  that  the  matter  wafted  by  fweat, 
muft  have  iinall  out-lets  in  the  fkin  : and  invifible  effluvia  may  alfo  eva- 
porate at  the  fame  pores.  That  therefore  the  lkins  of  many  animals, 

tho’ 
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tho’  they  Teem  clofe  to  the  eye,  may  he  porous,  appears  from  their  fwe.it-  Physics 
ing.  But  becaufe  all  of  them  have  not  been  obferved  to  fweat,  particularly 
dogs,  we  fhall  add  fome  other  indances,  to  make  this  more  univcrfal. 

We  may  fometimes,  in  the  fkin  of  a living  man,  difeern  pores,  with 
good  microfcopes  •,  and  eafily,  on  the  infide  of  gloves,  which  are  made 
of  fkins  drefled,  perceive  numbers  of  thefe  little  out-lets,  orderly  ran- 
ged : and  tho*  fome  of  them  may  be  fufpedted  to  have  been  made  by 
the  hairs,  which  grew  on  the  fkin,  before  it  was  drefs’d  •,  yet,  that 
greater  numbers  of  them  are  perforations  quite  through  the  leather,  is 
manifeft  from  the  ufual  practice  of  chymifts,  in  draining  quick-filver 
through  fheep-fkins.  And  tho’,  when  a man’s  fkin  is  tanned,  it  be  of 
a great  thicknefs  ; yet,  trying  the  fame  experiment  with  the  fkin  of 
a man’s  arm,  I found  that  quick-filver  could  be  fqueezed  out  at  the 
pores  of  this  allb.  It  is  unneceffary  here  to  enquire,  whether  thefe  lit- 
tle holes  be  not  the  orifices  of  fmall  excretory  vefiels,  or  glands,  which 
Stenoy  and  Malpighi  difeover’d  beneath  the  Cuticulay  call’d  Glandules  Mil- 
liares  \ for,  according  to  this  opinion  alfo,  a multitude  of  fmall  perfora- 
tions mud  be  allow’d  in  the  fkin  ; and  that  is  diffident  for  my  purpofe, 
from  whence  foever  the  porofity  proceeds.  But  the  next  observation 
will  fhew,  that  fome  membranes  of  animals  may  give  pafiage  to  tran- 
fpired  matter,  without  being  perforated  by  the  excretory  vefiels  of 
glands.  The  fkins  under  the  fhell  of  hens  eggs,  are  of  a texture,  very 
fine  and  clofe:  yet,  both  thefe,  and  the  fhells  which  cover  them,  are 
porous  j becaufe  the  eggs,  with  keeping,  manifedly  lofe  in  weight : which 
mud  be  imputed  to  invifible  tranfpiration  *,  and  the  rather,  becaufe  in 
thofe,  which  have  been  long  kept,  there  is  found  a cavity  at  one  end, 
that  encreafes  with  their  age,  and  is  made  by  the  fhrinking  of  the  mem- 
brane from  the  fhell. 

Confidering  the  large  quantity  of  matter  difeharged  by  infenfible  per- 
fpiration  in  healthful  men,  the  pores  mud,  doubtlefs,  be  very  numerous ; 
and  much  more  fo,  than  by  the  drops  of  fweat,  which  wet  the  fkin,  we 
ufually  imagine.  For,  Sanlforius  affirms,  that  what  is  barely  carried 
off  by  infenfible  tranfpiration,  ordinarily  amounts  to  more,  that  is,  di- 
minifhes  the  weight  of  a man’s  body,  more  than  all  the  vifible  excre- 
ments together.  He  adds,  if  the  aliment,  taken  in  one  day,  amounts 
to  eight  pounds,  the  infenfible  tranfpiration  ufually  amounts  to  five. 

And  he  el fe where  aflerts,  that  in  the  fpace  of  twenty  four  hours,  in  the 
winter-time,  an  healthy  body  may  exhale  above  fifty  ounces : and  fome 
trials,  both  of  my  own,  and  others,  confirm  Santtorius' s obfervations  * ; 
allowance  being  made  for  the  difference  of  heat  between  Italy  and  Eng- 
land': only,  I fear,  an  over-fight  has  been  committed  by  thofe,  who 


* Dr.  James  Keil  hath  given  a fettof  obfer- 
vations, made  by  himfelf,  after  the  Sanftorian 
manner,  under  the  title  of  Medicina  Statica 
Britannic  a ; which  confirms  the  doctrine  of  per- 
fpi ration  in  general,  and  lhews  the  differences 
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of  it  between  our  climate,  and  fuch  as  are  hot- 
ter ; tho’  it  embaraffes  this  do&rine  confiderably* 
that  the  human  body  feems  to  take  in  fomething 
from  the  air,  which  may  encreafe  its  weight 
upon  the  bai lance. 
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afcribe  all  the  decreafe  of  weight,  not  referable  to  the  groffer  excre- 
ments, to  what  tranfpires  at  the  pores  of  the  vifible  parts  of  the  ikin  ; 
without  taking  notice  of  what  is,  in  expiration,,  difcharged  through  the 
wind-pipe,  and  appears  manifeft  to  the  eye,,  in  frofty  weather.  But 
tho’  I look  upon  the  wind-pipe  as  the  great  chimney  of  the  body,  in 
companion  of  thofe  little  ones-,  yet-,  the  number  of  thefe  is  fo  very 
great,  that  the  exhalations  which  deal  out  at  them,  rnuft  be  very  con- 
siderable. Befides  thofe  that  are  difcharged  at  the  Afpera  Arteria , do, 
probably,  for  the  moft  part,  iifue  out  of  the  membranes  inverting  the 
lungs  which  membranes  may  be  look’d  upon  as  external  parts  of 
the  body,  with  regard  to  the  air;  But  we  may  fafely  allow  a very 
great  evacuation,  at  the  pores  of  a man’s  {kin,  who  is  a fanguineous  and 
hot  animal  ; fince  we  fee  that  eggs,,  which  are  actually  cold,  tranfpire. 
Nay,  even  frogs,  which  are  always  cold  to  the  touch,  exhale  largely  ; 
and  the  decreafe  in  weight  of  fome  animals,  foon  after  they  are  fuffo- 
cated,  is  confiderable.  We  may  add,  the  experiment  of  holding  any 
part  of  the  body,,  in  warm  weather,  near  to  a folid  or  fmooth  fubftance,  , 
as  a piece  of  folid  fteel  or  filver  ; which  will  prefently  be  fullied  with 
fteams  ifliiing  out  of  the  pores. 

Farther,  the  pervioufnefs  of  the  {kin  outwards,  may  be  argued  from , 
the  quicknefs  wherewith  fame  medicines  take  away  difcolourations  of  it 
by  contufions which,  is,  very  probably,  performed  by  attenuating  the 
matter,  and  difpofing  it  to  perfpire:  tho*,  perhaps,  when  it  is  thus* 
changed,  fome  part  of  it  may  be  imbibed  again,  by  the  capillary  vefiels. 
Iielmont  fpeaks  much  of  the  virtue  of  white  briony-root,  in  fuch  cafes  ; and 
the  fa<5t  was  lately  confirmed,,  from  an  experiment  made  by  an  ac- 
quaintance of  mine.  I knew  an  eminent  perfon  alfo,  cured  of  a contu- 
fion,  which  made  the  part  look  black  and  frightful,  by  the  bare  ufe  of 
hyfop,  and  frefii  butter,  applied  in  the,  form*  of  a poultis.  Nor  is  it  only 
the  {kin,  that  covers  the  vifible  parts  of  the  body,  which  we  judge  to 
be  thus  porous,  but  alfo  the  membranes*  that  invert  the  internal  parts. 
For  the  two  firrt-mentioned  caufes  of  porofity,  are  as  well  applicable  to 
them,.,  as  to  the  external  fkin  ; and,  in  fome  refpedts*.  the  tranlpiration 
through  fuch  pores,  feems-  more  advantaged,  .than  that  through  the  pores., 
of  the  furface fince  the  parts  fur  rounding  the  fpleen,  liver,  kidneys,  &c. 
in  man,  are  hot  in  companion  of  the  ambient  air-,  and  being  alfo  wet,. . 
which  the  air  is  not,  the  laxity  of,  the  pores  of,  the  internal  parts  is 
doubly  befriended  i and  we  conceive  both  the,  fkin,.  and  membranes,  to 
be  like  net-work. ; which,  in  their  ordinary  ftate,  have  a kind  of  con- 
tinuity ; but,  upon  occafion  can  fuffer  their  pores  to  be  every  way  en- 
larged, as  external  agents  determine.  And  this  porofity  of  the  internal 
membranes,  will  the  more  eafily  appear  from  the  pervioufnefs  of  the 
bladders  of  dead  animals,  even  to  water;  which  we  have  try’d,  by  put- 
ting fome  fait  of  tartar  in  a clean  well-dry’d  bladder,  and  leaving  the 
lower  part  immers’d  in  common  water,  whofe  particles,  by  degrees,  in- 
sinuated themfelves  into  the  bladder,  fo  as  to  diflblve  the  fait  into  a 

liquor ; 
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liquor  : and  this  experiment  fucceeded,  but  much  more  flowly,  with  fu-  Physics. 
gar  inftead  of  fait  of  tartar.  And  there  are  fome  who  pretend,  thatk/VX*^ 
certain  fyrups,  made  this  fiovenly  way,  wh:ch  they  would  have  pafs  for 
a fecret,  are  vaflly  preferable  to  thofe  made  of  common  water.  That 
even  the  films,  which  line  the  lhells  of  eggs,  tho’  of  a very  clofe  tex- 
ture, are,  yet,  pervious  to  liquors,  appear’d  by  keeping  an  ordinary 
hen’s  egg,  for  two  or  three  days  in  diltill’d  vinegar : for  then  taking  it 
out,  we  found  it  entire,  and  vifibly  fwell’d.  And,  what  fatisfy’d  us,  that 
the  expanfion  proceeded  from  fome  other  caufe,  than  the  mere  dilatation 
of  the  white,  or  yolk,  or  both  •,  the  egg  now  prov’d  confiderably  heavier 
than  before  its  immerfion,  notwithfianding  the  lofs  of  its  fhell . And,  on 
this  occafion,  may  be  added,  that  the  Chinefe  have  a way  of  falting  eggs 
in  the  fhell.  In  one  of  the  Butch  journals  fent,  by  the  council  of 
Batavia , to  their  principals  in  Holland , I met  with  feveral  accounts  of 
faked  eggs  brought  by  lea,  into  Batavia , and  other  ports  : after  which, 
meeting  with  a phvfician  who  liv’d  in  Batavia , I learnt  from  him,  that 
fuch  eggs  are  frequently  met  with  in  thofe  parts  j he  having  feveral  times 
eaten  of  them  there,  and  found  they  retained  a briny  talle,  when  dref- 
fed.  The  merchants,  of  whom  I enquired,  could  not  tell  me,  what 
way  the  Chinefe  employ  to  fait,  and  preferve  their  eggs ; but  having 
coated  one  with  clay,  and  fuffer’d  it  to  lie,  for  a competent  time,  in  brine, 

I found -its  tafte  confiderably  fait,  when  broke. 

I knew  a phyfician,  who,  being  tormented  with  a peculiar  kind  of 
colic,  reliev’d  himfelf  by  .glyfters  of  kick;  but  ufually  found,  that  they 
would  inebriate,  and  make  him  giddy  : and  a chirurgeon,  who  prac- 
tifed  in  the  Weft-Indies,  told  me,  that  having  drefifed,  with  the  juice 
of  tobacco,  a lfnall  ulcer  in  a woman’s  leg,  the  patient,  foon  after 
grew  fick,  -and  -adhially  vomited.  But  on  this  inftance,  I lay  no  ftrefs-; 
becaufe  the  corpufcles  of  the  tobacco  might  get  in  at  the  fmall  orifices 
of  fome  -corroded  veffels5  and  fo  be  convey’d  internally,  rather  by  the 
help  of  the  circulation  of  the  blood,  than  on  account  of  the  porofity 
of  the  parts.  But  a phyfician  of  the  college  of  London , allured  me,  that 
he  had  feveral  times  given  himfelf  a vomit,  by  the  application  of  to- 
'bacco  to  his  wrifts,  and  fome  other  external  parts  ; and  fome  children 
have  been  made  drunk  by  cloaths,  wetted  in  the  infufion  of  tobacco,  and 
applied  -to  their  heads,  for  fcabbinefs  in  that  part  : tho’,  in  this  cafe  too, 
the  inebriating  -particles  may  get  in,  not  at  the  mere  pores,  but  at  the 
orifices  of  the  capillary  veflels,  that  were  made  accefiible  by  fuch  little 
folutions  of  continuity,  as  are  feldom  wanting  in  fuch  cafes.  But  that 
children  may  be  purged  by  outward  applications,  is  afferted  by  phyfich 
ans  ; and  an  experienced  perfon  has  affirmed  to  me,  that  he  can  almoft 
jconftantly  purge  them  by  a plaifter.  But  it  is  more  confiderable,  what 
was  related  to  me  by  a perfon  of  eminence,  who,  being  indifpofed  to  be- 
lieve fuch  things,  had  his  hand  barely  moiften’d  by  another,  with  a fubtile 
.chymical  oil,  which  the  former  regarded  not,  till  he  found  himfelf  prefs’d 
with  a motion,  like  that  which  a purge  would  have  given  him  j and  was 
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Physics,  purged  four  times  without  griping,  or  other  pain.  But  to  return  to  the 
porofity  of  membranes ; it  may  ferve  to  prove  it,  that  lute-firings,  which 
being  only  fibres,  are  the  chief  parts  of  which  membranes  confifl,  will, 
fometimes  in  wet  weather,  fwell  fo  forcibly,  as,  with  noife  and  violence 
to  break  •,  which  proceeds  from  moifi  vapours  entering  at  their  pores. 

From  the  This  porofity  of  the  internal  parts  of  animals  may  be  alfo  confirmed 

tranjlation  of  by  wfrat  happens  in  the  tranflation  of  the  morbific  matter  in  difeafed 
- - bific  mat-  bodies_  For?  often  the 

matter,  which  in  the  fanguiferous  vefiels  produ- 
ced a fever,  being  difcharged  upon  fome  parts  of  the  head,  produces 
a . 'Delirium , or  Phrenitis\  in  the  latter  of  which,  I have  wondered  to  fee 
the  patient’s  urine  like  that  of  a perfon  without  a fever.  The  fame  fe- 
brile matter  is  difcharged  fometimes  upon  the  Pleura , throat,  or  inte- 
flines  ; and  caufes  in  the  firfl  a pleurify,  in  the  fecond  a quinfy,  and* 
in  the  third  a flux,  generally  dyfenterical.  But  becaufe  mofl  of  thefe 
tranflations  of  peccant  humours  are  made  by  the  circulating  blood,  I 
am  content  to  intimate,  that  fome  of  them  may  confirm  the  porofity  here 
fpoken  of.  And  this,  in  effedt,  is  already  proved  by  the  fame  arguments 
whereby  we  have  fhewn,  that  both  the  fkin,  and  the  internal  membranes, 
are  furnifhed  with  pores,  pervious  to  particles  whofe  fliapes  and  fize 
are  correfpondent  to  them.  For  it  appears,  that  when  morbific  matter, 
whether  in  the  form  of  a liquor,  or  of  exhalations,  chances  to  have  cor- 
pufcles  fuited  to  the  pores  of  this  or  that  part,  it  may,  by  a concourfe 
of  circumflances,  be  determined  to  invade  it  j and  fo  diflodge  from  its 
former  receptacle,  and  excite  new  diforders  in  the  parts  it  removes  to. 

And  from  the  Another  thing,  whence  the  porofity  of  animals  may  be  argued,  is 
ingrefs  of  ef  their  receiving  effluvia  from  without.  For  thefe  cannot  get  into  the  in- 
fuvia.  ternal  parts  of  the  body,  to  perform  their  operations  there,  without  pe- 
netrating the  fkin,  and  consequently  entering  the  pores  of  it.  Now 
that  things,  outwardly  applied,  may  be  convey’d  to  the  internal  parts, 
is  notorious,  in  the  inllances  of  cantharides  * which  produce  great  dif- 
orders in  the  urinary  paffages,  and  fometimes  caufe  bloody  urine.  The 
fame  may  be  alfo  concluded  from  various  effedls,  even  of  milder  plai- 
flers  : for  tho’  fome  operate,  perhaps,  by  clofely  flicking  to  the  fkin, 
hindering  perfpiration,  and  fencing  the  part  from  the  external  cold ; yet 
’twill  fcarce  be  denied,  that  many  of  them  have  notable  effedls  from  the 
corpufcles,  that  plentifully  enter  at  the  pores,  and  adl  according  to  their 
refpedlive  natures.  The  like  may  be  faid  of  ointments,  whofe  effedls, 
efpecially  on  children,  are  fometimes  very  remarkable  : and  I have 
known  considerable  things  performed  by  them,  in  an  internal  difeafe  of 
grown  men,  where  I Should  fcarce  have  expedled  fo  much  from  a vegeta- 
ble unguent.  Indeed  by  mercurial  ointments  a falivation  may  be  ex- 
cited ; and  fometimes,  againfl  the  phyfician’s  will,  the  corpufcles  of  the 
quick- filver  get  fo  far  into  the  body,  that  he  is  unable  to  bring  them 
out  again.  What  was  faid  of  plaiflers  is  alfo  applicable  to  Pericarpiay 
or  wrift-bands  j the  better  fort  of  which  are  often  fuccefsful  in  flopping 
ague-fits : thus  by  a mixture  of  currants,  hops,  and  bay-falt  well  beaten 
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together,  both  I,  and  feveral  more,  have  been  freed  from  tertians, 
and  other  intermittents.  The  argument  will  be  like  wife  ‘much  ftrcngrh- 
ned,  if  thofe  phyficians  do  not  deceive  us,  who  aferibe  fenfible  opera- 
tions to  things  externally  applied  in  fo  loofe  a way,  as  not  to  ftick 
to  the  fkin,  or  perhaps  immediately  touch  it  ; which  lome  call  Pe- 
riapta , and  Appenfa , feveral  whereof  are  befi  known  by  the  name  of 
amulets  *,  fuch  as  quills  of  quick-filver,  or  arfenic,  which  fome  hang 
about  their  necks,  or  wear  under  their  fhirts  again  ft  the  plague,  and 
other  contagious  difeafes  ; the  blood-ftones,  worn  by  others,  againft  hae- 
morrhages ; and  that  which  the  women  in  the  Eaft-Indies  wear  for  a 
quite  contrary  purpofe.  Now  that  fome  of  thefe  external  medicines 
anfwer,  I am  perfwaded  by  having  been,  one  fummer,  fubjefl  to  bleed  at 
the  nofe,  and  reduced  to  employ  feveral  remedies  to  check  it  •,  what  I 
found  mod  effectual,  being  fome  mofs  of  a dead  man’s  fkull,  tho’  it 
did  but  touch  my  fkin,  till  the  herb  was  a little  warm’d  thereby.  A 
memorable  thing  of  this  kind  was  communicated  to  Zwelfer , by  the  chief 
phyfician  to  the  ftates  of  Moravia  ; who  having  prepared  fome  troches 
of  toads  after  Helmonf  s manner,  he  not  only  found,  that  being  worn  as 
amulets,  they  preferv’d  him,  and  all  his  domeftics  and  friends  from  the 
plague ; but  that  having  caufed  them  to  be  put  upon  the  plague-fores 
of  feveral  perfons,  none  of  them  died  ; but  the  venom  of  the  peftilential 
carbuncles  was  thereby  greatly  abated,  and  the  ulcers  render’d  eafily 
curable  by  vulgar  remedies. 

As  to  the  difficulty  of  conceiving  how  bodies,  a&ually  cold,  can  emit 
effluvia,  able  to  penetrate  (without  moiftening  it)  a membrane  of  fo  clofe 
a texture,  as  a man’s  fkin  ; it  may  be  much  lefifen’d  by  confidering  the 
pores  of  bodies,  and  the  figures  of  corpufcles.  For  fuppofing  an  agree- 
ment between  ’em,  the  effluvia  of  amulets  may,  in  tradt  of  time,  eafily 
get  pafiage  through  the  pores  of  the  fkin  of  a living  body.  And  to  make 
this  the  more  probable,  I will  give  an  infiance  of  the  fkin  in  a dead  animal. 
But  this  requires  a liquor,  that  I ufe  in  fuch  experiments,  which  is 
made  by  exadlly  mixing  flower  of  brimflone,  powder’d  fal-armoniac,  and 
good  dry  quick-lime,  in  equal  quantities  ; and  diftilling  ’em,  by  degrees  of 
fire  in  a retort,  till  the  fand  is  brought  to  be  alrnofi  red-hot ; for  thus 
there  will  come  over  a fmoaking  fpirit,  which  muft  be  kept  very  care- 
fully Hop’d,  and  which,  for  diftin&ion’s  fake,  I call  the  permeating 
menftruum  or  liquor  •,  and  its  expirations,  the  permeating  fumes.  The 
experiment  is  this  : We  took  a very  clean  piece  of  polifh’d  copper,  and 
having  wrap’d  it  either  in  a piece  of  iamb’s,  or  fheep’s  leather,  fo 
that  it  was  every  way  inclos’d,  we  held  it  over  the  orifice  of  the  vial, 
that  contain’d  the  fpirit,  at  fome  difiance  from  the  liquor ; whofe  fumes, 
nevertheless,  quickly  pervaded  the  pores  of  the  leather,  and  operated 
upon  the  included  metal  ; as  appear’d  by  the  deep  and  lafting  tindlure  it 
had  given  to  the  lower  fui face  of  it;  tho’  the  interpos’d  leather  itfelf, 
was  not  deprived  of  its  whitenefs,  nor  at  all  fenfibly  difcoloured,  yet 
fmelt  of  the  fulphureous  fleams  that  had  invaded  it.  And  the  fame 
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Physics,  experiment  fucceeded,  tho*  fomewhat  more  flowly,  when  a double  lea- 
^/^y^/.ther  interpofed  between  the  fumes,  and  a new  piece  of  copper  coin. 

I leave  it  to  be  confidered,  whether  this  may  .not  fugged  a conjedlure 
as  to  that  ftrange  phenonemon,  recorded  by  approv’d  authors,  of  light- 
ning which  has  been  found  manifeflly  to  dilbolour  money,  without 
burning  the  purfe  that  contain’d  it.  For,  in  our  experiment,  the 
fleams  which  in  a trice  pervaded  the  leather,  the  moflufeful  matter  where- 
of purfes  are  made,  were  fulphureous,  as  .thofe  which  accompany  the 
Fulmen  are  obferved  to  be  *,  and  tho’  thefe,  when  they  invade  bodies,  are 
ufually  very  hot,  ours  operated  when  the  liquor  that  emitted  them  was 
adtually  cold.  If  it  be  faid,  that  fometimes  money  has  been  found  difco- 
loured  in  the  pockets  of  fuch  as  were  not  flruck  by  the  Fulmen , but 
had  it  only  pals  near  them  *,  we  reply,  that  tho’ the  entire  body,  whe- 
ther .fluid  or  folid,  if  there  be  any  of  this  latter  kind,  which  the  Latins 
call  Fulmen , (for  our  Englijh  word  thunder-bolt  Teems  not  fo  applicable 
to  a fluid)  did  not  touch  them ; yet  it  might  fcatter  fleams  enow  all  a- 
round  to  caufe  the  phenomenon.  For,  a perfon  of  my  acquaintance, 
having  afeended  a burning  mountain  in  America , till  the  fulphureous  fleams 
grew  too  offenfive  *,  he  found,  amongfl  other  effects,  his  money  turn’d 
of  a black  and  dirty  colour  j fuch  as  our  fulphureous  fleams  often  give  both 
to  copper  and  filver  coins.  But,  whether  our  fpirits  will  juflify  my 
prefent  conjecture  or  no,  yet  their  eafily  pervading  the  fkin  of  a dead 
animal,  will,  however,  make  it  probable,  that  the  fkin  of  a living  man 
may  be  eafily  penetrated  by  external  fleams,  of  whole  approach  the  eye 
takes  no  notice  ; and  whofe  operations  may,  therefore,  be  unfufpected. 
Let  phyficians  confider,  what  ufe  may  be  made  of  this  obfervation,  as 
to  the  propagation  of  .contagious  difeafes,  * by  the  contadl  of  the  infedled 
air,  diflindl  from  the  refpiration  of  it ; and  by  the  penetration  of  the 
fleams,  that,  ifluing  from  feveral  bodies,  invade  the  fkin,  and  may,  per- 
haps, be  able  to  produce,  either  hoftile  or  friendly  effects,  not  ufually 
fufpedled  to  arife  from  fuch.  caufes.  We  may  add,  that  fulpending  fheep’s 
leather  in  the  free  air,  the  vapours  in  that  fluid  would,  I found,  fo  infi- 
nuate  themfelves  into  the  leather  in  wet  weather,  as  greatly  to  increafe 
its  weight,  of  which,  .dry  weather,  whether  hot  or  cold,  would  deprive  it. 

It  may  here  be  proper  to  add  fome  inflances  of  the  penetrability  of 
membranes  to  effluvia,  if  thofe  be  fufHciently  fubtile  and  correfpondent 
to  the  pores  of  the  other.  Amongfl  the  obfervations  of  phyficians,  I have 
met  with  fome  affirming,  that  cantharides  have  great  eftedls  upon  the  in- 
ternal parts  of  the  body,  tho5  they  do  not  fo  much  as  touch  the  fkin  ; 
whence  their  effluvia  mufl  be  transmitted  thro’  other  bodies,  before  they 
can  penetrate  that.  Michael  Pafchalius  mentions  a chirurgeon,  who  twice 
voided  blood  with  his  urine  *,  which  was  occafion’d  by  fome  Spanifo  flies, 
that  he  only  carried  in  a bag  ->  and  a phyfician  of  note  mentions  another 

* Bellini  has  confider’d  this  matter,  in  his  laft  f into  the  body.  And  the  like  has  been  done  as  to 
propofitions,  DeFebribus,  and  demonftrated  it  the  admifiion  of  particles  of  other  kinds,  by  Dr. 
poflible  for  fuch  effluvia  to  enter  thro’  the  skin  I IVainwright,  Dr.  Keilf  & c. 

perfon, 
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perfon,  who  made  bloody  urine  from  having  carried  cantharides  in  his  Physics. 
pocket  ; and  adds,  that  a like  cafe  was  told  him  by  Helid<tusy  an  eminent  O^YV 
phyfician. 

We  lee  that  in  linen,  the  finer  and  more  fiender  the  threads  are,  the 
clofer  and  leis  porous,  cateris  paribus^  is  the  cloth  •,  whence  the  thin 
film  that  lines  the  fhell  of  an  egg,  feems  to  be  of  an  exceeding  clofe 
contexture  : yet,  even  this  is  not  impervious  to  fome  fumes  \ for  we  have 
ftained  a piece  of  copper  through  it,  with  thofe  of  our  penetrating  li- 
quor. We  alio  took  a.-  piece  of  dry’d  bladder,  and  having  wrap- 
ped it  about  a new  piece  of  fiiver  coin,  we  held  it  for  feveral  mi- 
nutes, over  the  fumes  of  the  fame  liquor,  but  could  not  perceive  the 
coin  at  all  affe&ed;  whence  we  concluded  the  pores  were  too  clofe  and » 
narrow,  to  give  paflage  to  the  expirations  of  the  mend'ruum ; but  pre- 
fuming, that  moifture  would  fomewhat  relax  them,,  we  w'rapp’d  up  an- 
other piece  of  coin  in  a wet  bladder^  and  applying  this  as  before,  in 
about  two  minutes,  it  wasj  on  the  lower  furface,  deeply  difcolour’d.  But 
one  of  the  mofi:  notable  indances  of  the  porofity  of  the  internal  mem- 
branes of  a human  body,  is  that  of  a relation  of  mine,,  a Britijh  noble- 
man,.. who  had,  by  accident,  a great  perforation  made  in  his  Thorax,  at  which 
I could  dire<5tly  perceive  the  motion  of  his  heart.  His  Lordfhip  told 
me,  that  when,  with  a fyringe,  he  inje&ed  fome  actually  warm  medicated 
liquor  into  his  ‘Thorax , to  cleanfe  and  cherifh  the  parts,  he  quickly  and 
plainly  found  in  his  mouth  the  tade,  and  fmell  of  the  drugs,  wherewith  the 
liquor  had  been  impregnated.  And  I farther  learned,  that  as  he  condant- 
ly  wore,  upon  the  inclos’d  part  of  his  ched,  a filken  quilt,  fluff’d  with 
aromatic,  and  odoriferous  powders,  to  defend  the  neighbouring  parts, 
and  keep  them  warm  ; when  he  came  to  employ  a new  quilt,  the  effluvia 
would  actually  mix  with  his  breath,  and  very  fenfibly  perfume  it,  as  ap- 
pear’d manifed  to  fuch  as  flood  near  him  *,  who  cou’d  perceive  that  it  pro- 
ceeded not  from  the  outfide  of  his' body.  And  Galen  fays,  that -water 
fweetned  with  honey  being  inje£ted  at  the  orifice  of  wounds,  penetra- 
ting into  the  cavity  of  the  Thorax,  has  been,  in  part,  received  into  the 
lungs,  and  difcharged  out  of  the  Afpera  Arteria  by  coughing.  Being  at 
the  diffeflion  of  a perfon,  who  had  been  long  molededwith  a fhort  dry 
cough, . which  made  us  expert  to  find  fomething  much  amifs  in  his  lungs  ; 
we  met  with  nothing  there,  and  were  at  a lofs  for  the  caufe,  till  coming 
to  the  internal  part  of  the  ched,  we  difcover’d  between  the  Pleura  and 
the  fubflance  of  the  intercodal  mtifcles,  a certain  matter,  of  the  breadth  . 
at  a crown-piece  of  a roundifh  figure,  and  of  the  confidence,  and  co- 
lour of  new  loft  cheefe*,  which  odd  matter  was  concluded  to  have  been 
the  remains  of  fome  iif-cur’d  pleurify,  and  to  have  tranfmitted  thro’ 
the  pores  of  th z Pleura,  fome  noxious  effluvia,  which  frequently  irrita- 
ted the  lungs  into  an  irregular  and  troublefome  motion. 

That  not  only  Angle  membranes,  but  even  parts  very  much’  compoun* 
ded,  are  permeable,  and  that  by  liquors  none  of  the  thinned,  is  manifed 
in  the  diicharges  made  by  hydropical  perfons,  of  a liquor  more  vifeid 

than 
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Physics,  than  water,  by  ftool  and  urine,  upon  the  operation  of  an  hydragogue. 
l/TS;  And  it  is  a pretty  common  obfervation,  that  upon  the  burfting  of  em- 
pyemas into  the  cavity  of  the  cheft,  the  purulent  matter  hath  been  voi- 
ded by  ftool  and  urine : but,  perhaps,  it  cannot  be  determin’d,  whether 
this  tranflation  be  made  by  tanfudation,  or  the  entrance  of  the  pus  in- 
to the  veffels  j where  being  once  admitted,  it  may  arrive  at  the  kidneys, 
or  any  other  parts  fitted  to  feparate  it.  We  find,  however,  that  the 
lungs,  fometimes,  oddly  convey  things  to  diftant  parts  of  the  body.  I 
have  often  obferv’d  in  my  felf,  that  when  I had  aflifted  in  the  diffe<ftion 
of  a dog,  whofe  blood  or  body  was  rankly  fcented,  I,  for  feveral  hours 
after,  plainly  perceiv’d  that  odour  in  the  excrements  I voided  by  fiege. 
And  a famous  chirurgeon  tells  us,  he  cured  a fcirrhous  fpleen  by  binding 
over  the  part  a fpongc  dipt  in  lime-water  *,  which  muft,  therefore,  have 
penetrated  not  only  the  fcarf-fkin,  and  the  true  Cutis , but  the  mufcles 
themfelves  of  the  Abdomen , and  fome  other  interpofed  parts.  Galen  alfo 
obferves,  that  bones  being  fometimes  broken,  without  piercing  the  fkin  •, 
when  the  callus  is  forming,  a portion  of  the  blood  which  had  flowed  to 
the  part  affecfted,  is  carried  to  the  fkin,  and  permeates  it,  fo  as  to  wet 
and  foul  the  dreftings. 

fh  harder  Bones,  horns,  &V.  being  granted  the  moft  folid  parts  of  the  Bodies  of 
parts  of  the  ho-  animals,  I come,  in  the  laft  place,  to  fhew,  by  particular  experiments, 
dy  permeable,  tkat  t]iefe  a]fQ  have  their  pores.  That  the  nails  are  porous,  appears 
from  their  being  eafily  tinged  with  metalline  folutions,  particularly  that 
of  filver,  in  Aqua  fortis , which  can  hardly  be  got  out ; and  the  purple  lpots, 
which  I have  fometimes  made  thereon,  by  little  drops  of  the  folution  of 
gold  in  Aqua  regia , to  obferve  their  growth.  And  the  porofity  of  ivo- 
ry may  be  argued  from  the  feveral  ways  of  dying  it  of  lafting  colours ; 
for  the  tindtures  that  give  them  muft  penetrate  into,  and  be  lodged  in 
the  fubftance  of  the  ivory.  A folution  of  filver  in  Aquafortis , will  give 
it  a dark  and  blackifh  ftain,  not  to  be  waftied  off-,  and  a folution  of 
gold  in  Aqua  regia , makes  it  of  a fine  purple,  without  heating  either  the 
folution,  or  the  ivory  : copper  diffolv’d  in  Aqua  fortis , ftains  it  with 
a bluifh  colour  ; and  without  any  acid  Menftruum , I have,  even  in  the 
cold,  ftained  ivory  of  a fine  and  permanent  blue,  like  a turquoife,  by 
fuffering  a very  deep  folution  of  crude  copper  in  an  urinous  fpirit,  as 
that  of  fal-armoniac,  to  dry  upon  it. 

But  to  return  to  bones  •,  their  growth,  in  all  their  dimenfions,  argues 
their  porofity:  and  the  marrow  found  in  them,  whether  it  nouri flies 
them  or  no,  muft  itfelf  be  fupplied  by  fome  alimental  juice,  that  pe- 
netrates into  their  cavities.  Nor  does  it  feem  improbable,  that  blood 
itfelf  may  be  convey’d  into  their  very  fubftance  ; as  I have  been  affu- 
red  by  eminent  anatomifts,  who  have  obferv’d  blood-veffels  to  enter  a 
great  way  into  the  larger  bones.  The  blacknefs  alfo  that  bones  acquire 
by  heat,  and  a peculiar  kind  of  fatnefs,  which  they  afford,  ft lew  that 
they  harbour  abundance  of  un&uous  particles,  feparable  from  the  folid 
fubftance,  in  whofe  pores  they  muft,  therefore,  have  been  lodged.  The 

lightnefs 
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lightnefs  of  bones,  is  alfo  a great  fign  of  their  porofity  ; and  further,  that  Physics. 
they  are  corroded  by  tinging  liquors.  That  calcined  bones,  as  alfo  thofe 
prepared  for  fkcletons,  will  imbibe  moifture  in  the  air,  and  thereby 
increafe  in  weight,  I fhall  not  much  infill  upon,  as  proofs  of  their  poro- 
fity ; becaufe  fome  other  caufe  may  pofiibly  be  aftigned  for  thefe 
phenomena  : I will,  however,  fubjoin  fome  obfervations  made  on  large 
ox-bones.  Nov.  15.  we  weighed  two  marrow-bones,  and  found  the  one 
equal’d  29  ounces  and  half  a dram  ; the  other  24  ounces,  4 drams, 
and  30  grains.  Nov.  24.  The  former  weighed  29  ounces  6 drams,  and 
the  latter  25  ounces,  1 dram,  30  grains.  Decemb.  28.  The  former 
weighed  29  ounces,  3 drams,  55  grains,  and  the  latter  24  ounces, 

7 drams,  39  grains.  June  7.  of  the  following  year,  the  former 
weighed  29  ounces  2 drams,  and  the  latter  24  ounces  7 drams.  From 
whence,  it  appears,  that  bones  plentifully  imbibe  the  exhalations 
of  the  air,  and  emit  them  again,  together  with  fome  of  their  own, 
according  as  the  ambient  happens  to  be  difpofed.  And  thefe  al- 
terations fhew  the  bones  to  abound  with  pores  ; fince  the  external 
Hearns  mud  find  pores  to  receive  them,  and  the  effluvia,  upon  their  re- 
cefs,  leave  pores  behind  them.  And  that  bones  themfelves  admit  into 
their  fubflance,  vefflels  capable  of  conveying  a nutritious  liquor,  feems 
credible  by  what  :is  known  to  happen  in  that  difeafe,  which,  from  the 
country  it  moil  infells,  is  called  Plica  Polonica . For  though  one  would 
think  the  hairs  of  men  too  fender  to  have  cavities  capable  of  containing  vi- 
able liquors,  yet  writers  of  note,  and  particularly  Sennertus , tell  us,  that  in 
this  difeafe,  fometimes  the  lingle  hairs  will  adlually  bleed,  where  the  ends 
have  been  cut  off. 

But  farther,  even  particles,  neither  laline  nor  moifl,  may  get  into  the 
cavities  of  human  bones  ; as  is  evident  from  thofe  of  mercury,  where 
Salivation  hath  been  pradliled  ; whereof  I have  met  with  a notable  inllance 
in  an  eminent  profeffor  of  phyfic,  belonging  to  the  famous  hofpital  of 
incurables  at  Rome , who  declares,  that  in  the  cavity  of  the  bones  of 
a venereal  patient,  there  was  found  real  quick-filver.  This,  alfo,  hath 
been  confirmed  to  me  by  other  phyficians  experienced  in  the  like  cafes. 

But,  particularly,  an  ancient  phyfician,  very  famous  for  the  cure  of 
this  dillemper,  told  me  of  a patient,  who  had  been  terribly  fluxed  by 
mercurial  unctions,  and  coming  afterwards  to  hawe  one  of  the  grinders 
of  his  lower  jaw  pulled  out,  becaufe  of  the  pain  it  had  long  put  him  to,  a 
drop  of  true  mercury  was  found  in  that  {lender  cavity  of  the  root,  which 
admits  the  fmall  veffels,  from  whence  the  tooth  has  its  nourifhment  and 
fenfe.  And  Eujlachius  Rudius  relates,  that  he  himfelf  faw  fome  bodies 
differed  of  thofe  who  had  been  anointed  for  the  venereal  difeafe,  in 
the  cavities  of  whofe  bones  no  fmall  quantity  of  quick-filver  was  run  toge- 
ther. 

Vo*.  I.  Mmm  SECT, 
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SECT.  II. 

The  porojity  not  fo  eafy  to  prove  the  exiftence  of  pores  in  folid  and  ina- 

of  folid  bodies.  nimate,  as  ’tis  in  animal  and  vegetable  bodies  * however,  there 

are  fome  reafons  which  induce  me  to  think,  that  the  former  are  not  de- 
flitute  of  them.  And,  firfl,  by  confidering  the  origin  and  formation  of 
feveral  hard  bodies,  it  will  appear,  that  ftones,  and  even  gems  them- 
felves,  were  once  either  vifible  liquors,  or,  at  leaft,  very  foft  fubftances : 
and  both  thefe  kinds  of  bodies  mull  necefiarily  confift  of,  or  abound 
in,  minute  particles  of  a determinate  fize,  and  fhape  •,  from  whence  it 
may  be  probably  concluded,  that  fuch  gems,  and  other  mineral  bodies, 
notwithstanding  any  hardnefs  they  afterwards  acquire,  retain  their  pores  *, 
fince  it  is  no  way  likely,  that  corpufcles  of  various,  and  very  irregular  fi- 
gures, can  be  fo  brought  together  by  any  agents,  as  not  to  leave  little  in- 
terllices  between  them. 

Another  argument,  to  the  fame  purpofe,  may  be  taken  from  the 
fpecific  gravities  of  fuch  bodies  as  the  eye  does  not  perceive  to 
b£  porous.  For  tho*  water  is  a body  of  that  kind,  and  tho’  its 
parts  be  fo  clofe,  that  the  attempts  to  make  a manifeft  compreflion 
of  it  have  hitherto  proved  unfuccefsful  ; yet  we  find,  that  ftones, 
clays,  metals,  and  even  fome  woods,  with  a multitude  of  other  kinds 
of  folids,  will  readily  fink  in  water,  and,  by  confequence,  are  fpecifically 
heavier  than  it  •,  which  excefs  of  gravity  feems  inexplicable,  without 
allowing  that  the  corpufcles  of  fuch  finking  bodies,  either  lie  clofer 
together,  or  are  feparately  more  folid,  than  thofe  of  water  : and  hence 
we  may  conclude,  that  marble,  flints,  are  not  free  from  porofity. 
The  lighter  metals,  likewife,  fuch  as  tin,  iron,  or  fleel,  are  above  twice 
heavier,  in  fpecie , than  marble ; yet  thefe  are  exceeded  in  weight  by 
copper,  which  I found  to  be  nine  times  ; and  that  by  gold,  which* 
when  refined,  I found  to  be  nineteen  times  heavier  than  water.  Whence 
it  feems  highly  probable,  that  iron,  or  fleel,  are  fo  porous  as  to  fuffer 
metalline  matter,  equal  to  them  in  weight,  to  be  contained  in  much 
lefs  than  half  the  dimenfions  of  them.  And  that  gold  it  felf  is  not 
deftitute  of  pores,  may  appear  by  its  diflolution  in  quick-filver  *.  If 

any 
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* ’Tis  no  new  thing,  that  the  effluvia  of 
the  load  ftone  fhould  pervade  the  pores  of 
all  bodies,  even  fuch  as  are  metalline ; 
that  the  exhalations  of  the  fympathy-ink 
fhould  do  the  like  at  {mail  diflances,  and 
that  the  fulphureous  fleams  of  the  Bolonian 
ftone,  when  newly  calcin’d,  fhould  change 
the  colour  of  gold  into  that  of  filver,  and 
the  colour  of.  latton  into  that  of  gold,  tho1 


clofely  lock’d  up  in  a box  of  iron,  or 
other  metal  ; but  M.  Hotnberg  difcover’d, 
that  there  are  fubftances,  which  manifeft- 
ly,  to  the  eye,  appear  to  pafs  quite 
thro’  the  fubllance  of  a metal,  without 
difpiacing  its  parts,  making  any  break 
therein,  or  vifibly  enlarging  its  pores.  For 
a fait,  compofed  of  quick -lime,  diftil  ’d 
vinegar,  falt-petre,  fea-ialt,  and  common 

fut- 
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any  (hould  pretend,  that  hardnefs  is  a greater  argument  of  the  com-  Physics. 
padtnefs  of  a body,  and  its  want  of  pores,  than  its  fpecific  gravity  ; I 
add,  that  tho*  emery,  which  is,  indeed,  much  harder  than  marble  or 
flint,  be  far  heavier  than  thrice  its  bulk  of  water,  yet  that  weight  pro- 
ceeds from  the  mixture  of  a metalline  fubftance.  And  diamonds,  tho’ 
much  harder  bodies  than  emery,  are  fo  far  from  being  the  moft  ponderous, 
that,  having  examined  them  hydroflatically,  I found  them  not  much  hea- 
vier than  either  cryftal  or  fine  glafs,  and  not  half  fo  heavy  as  the  lighted: 
metals. 

Another  proof  of  this  porofity,  ariles  from  the  very  frame  and  con- 
ftitution  of  fuch  bodies.  For,  we  cannot  fuppofe,  that  the  component 
corpufcles  of  the  moll  folid  bodies,  fhould  be  fo  interwoven,  as  to 
touch  one  another  every  way  exactly,  and  therefore  they  muff  of  ne- 
ceflity  leave  fome  intervals  and  pores  between  them  : for  there  are 
but  very  few  figures,  which  will  entirely  fill  fpace ; fo  that,  confi- 
dering  the  vaft  variety  of  other  figures,  it  is  obvious,  corpufcles  of 
fuch  differing  fhapes  muff  leave  multitudes  of  little  cavities  intercepted 
between  thofe  parts,  which  do  not  every  where  touch  one  another. 

And  even  thofe  few  mathematical  figures,  faid  to  fill  fpace,  do  it  ra- 
ther in  a geometrical,  than  a phyfical  fenfe  ; becaufe  fuch  can  never 
adlually  exift  in  matter  : for  no  art  could  polifh  a cube  of  marble,  for 
inflance,  fo  that  no  fmall  fcratches  fhould  be  left  on  its  furfaces,  to 
hinder  their  perfect  contact : and  marble  it  felf  abounds  with  internal  pores, 
as  may  be  rationally  conjedlured  from  the  fpecific  gravity  of  it,  in  compa- 
rifon  of  gold  and  lead. 

Having  thus  difpatched  the  arguments  a priori , we  come  to  our 
experiments  and  obfervations,  which  confirm  the  fame  dodlrine  a 
pojteriori.  Of  thefe,  fome  relate  to  folid  bodies,  of  a lefs  fpecific  gravity ; 
fome  to  foflils,  prefumed  to  have  no  metalline  parts  ; fome  to  mine- 
rals, which  are  thought  to  participate  of  a metalline  nature  •,  fome  to 
metals*,  and  fome  to  glafs.  To  begin  with  thefirfl:  befides  other  con - 
fiderations,  the  porofity  of  wood  is  manifeft  from  this  experiment. 

We  took  a wooden  fhooting-trunk,  and  having  clofely  flopp’d  one  end  The  torort  0r 
of  it,  we  poured  quick-filver  in  at  the  other,  till  it  reached  to  a con-  ^ 

fiderable  height  ♦,  when,  the  lower  parts,  affifted  by  the  weight  of  the 
incumbent  ones,  iffued  out  at  the  pores  of  the  wood  on  all  fides,  in 
great  numbers  of  drops,  much  after  the  manner  of  quick-filver  flrain- 
ed  through  leather.  But,  perhaps,  the  great  weight  of  the  quick- 
filver  had  a confiderable  fliare  in  the  event.  And  this  obfervation  is 
applicable  to  the  following  experiment  ^ when  having,  by  the  help  of 


fulphur,  will  readily,  as  he  thews,  and  of 
a fudden,  pafs  in  this  manner,  thro’  an  iron 
crucible  fet  in  a ftrong  fire,  as  water  paflet 
thro’  paper ; and  a bituminous,  metallint 
matter,  or  cinnabar  of  filver  and  antimony, 


will  pafs  thro’  a thin  plate  of  filver,  and  turn 
it  in  the  patts,  both  internal  and  external, 
chTo’  which  it  run,  of  the  colour  oflead,  with- 
out caufmg  any  farther  change  therein.  See 
Memoir,  de  f Academ.  A.  1713,  p%  409. 
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Physics,  my  pneumatical  engine,  withdrawn  the  air  from  one  fide  of  a round! 

piece  of  a board,  the  air,  on  the  oppofite  fide,  prefs’d  fo  ftrongly, 
againft  the  furface,  as  to  make  way  through  the  pores  of  it,  and  get 
into  the  cavity,  whence  the  other  air  had  been  extracted . This  feem’d 
the  more  furprizing,  becaufe  the  board,  thus  permeated,  was  of  ftrong 
wood,  and  confiderably  thick.  But  it  may  here  fuffice,  that  when  wood . 
is  reduced  to  a certain  thinnefs,  it  will'  eafily  give  pafiage,  even  to  vi- 
fible,  odorable,  and  tinging  corpufcles.  For  (i.)  the  fumes  of  our 
penetrating  liquor,  tinged  a copper  half-penny  through  a deal-lhaving, 
which  did  not,  when  held  againft  the  light, , difcover  any  perforation. 
(2.)  The  fame  fumes  manifeftiy  tinged  the  fame  half-penny,  through; 
two  fuch  lhavings  of  deal,  laid  upon  each  other,  in  lefs  than  one  mi- 
nute. (3O  And  in  about  one  minute,  thefe  fumes  tinged  it  again,  through, 
three  fuch  lhavings  of  deal,  very  vifibly,  but  not  fo  ftrongly  as  in  the 
firft,  or  even  the  fecond . experiment  s.  and  thefe  trials  were  made  without 
heat. 

Of  earthen  That  many  earthen  vefiels  are  porous,  appears  from  their  being 

vejfels.  foaked  thro*  by  oil  *,  fome  by  foliltions  of  nitre,  and  other  falts ; and 
there  are  very  few  crucibles,,  not  even  the  Hqffian , that. will  long  keep  fait 
of  tartar  in  fufion,  without  being  penetrated  by  it.  I have  heard  it. 
complain’d  of,  in  the  diftillation  of  corrofive  materials,  as  vitriol,  and  falt- 
petre,  with  ftrong  fires,  in  the  earthen  vefiels  commonly  made  ufe  of,, 
inftead  of  retorts,  that’ a confiderable  quantity  of  the  fineft  fpirits  efcape 
quite  through  the  vefifel  *,  fo  that  many  ounces  are  found  wanting  of  the 
firft  weight  of  the  matter.  And  tho’  I have  obferved  fome  earthen 
bottles,  to  be  hard  enough  to  ftrike  fire  with  fteel  ; yet  I have  been 
allured,  that  thefe  may  have  their  pores  pervaded  by  fpirituous  liquors. . 
And  a perfon,  curious  in  making  cyder  brilk  and  fpirituous,  allured 
me,  that  it  would  permeate  the  very  fubftance  of  ftone-  bottles  * as  ap- 
peared both  by  the  tafte  of  that  on  the  out- fide,  and  the  lefs  quantity 
within:  and  the  like  obfervation  was  confirm’d  to  me  by  an  eminent 
phyfician,  who  being  a great  lover  of  brilk  cyder,  ufed  to  bottle  it  up-, 
carefully.  And  tho9  good  Hafiian  crucibles  are  very  clofely  compared, 
yet  having  diflfolved  filver  in  Aqua  fortis , and  I kept  it  a while  in  fufion, 
among  quick-coals,  it  would,  without  cracking  the  crucible,  foak  into  it, 
and  pafs  the  pores  of  it  in  many  places  •,  a multitude  of  minute  globules 
of  pure  filver,  like  fo  many  little  drops,  appearing  on  the  outfide  of  the 
vefifel. 

Of  natural  In  fome  part  of  the  Weft- Indies^  they  have  a ftone,  whereof  they  make 

flones.  large  vefiels  to  ftrain  water  through  j and  one  of  thefe  was  fent  me  as 
a prefent*,  which  I found  to  anfwer,  tho9  ' it  was  confiderably  thick. 
And  if  the  hypothefis,  concerning  the  tranfparency  of  bodies  from  a 
rectitude  of  pores,  be  juft,  we  may  draw  a very  probable  argument 
for  the  porofity  of  ftones  from  the  phenomena  of  that  odd  gem,  call’d 
Oculus  mundi  \ for  this,  when  dry,  and  in  the  air,  is  opake,  almoft  like 
a polilhed  piece  of  white  amber  5 but  if  put  into  fair  water,  it  will 
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gradually  become  quite  tranfparent.  Now,  according  to  that  hypo-Pn 
thefts,  the  pellucidnefs,  which  this  Hone  acquires  in  water,  may  be 
accounted  for,  by  laying,  that  the  liquor  getting  in  at  the  crooked 
pores  of  the  Hone,  does,  for  the  time,  redlify  them,  and  make  them  per- 
vious to  the  freight  rays  of  light ; as  white-paper,  being  moifien’d  with 
oil,  has  its  pores  fo  changed,,  as  to  make  it  almoff  tranfparent ; but  up- 
on the  abfence  of  the  imbibed  particles,  the  pores  becoming  crooked 
again,,  refled  thofe  rays  of  light  they  fhould  tranfmit.  And  what  coun- 
tenances this  dodrine,.  the  Oculus  mundi  has  been  found  to  weigh  more 
in  a nice  balance,  when  taken  out  of  the  water,  than  before  it  was  put 
in. 

There  appears  fo  great  a difference,  in  many  qualities,  betwixt  Hones 
and  metals,  that  it  is  very  probable,  when  the  corpufcles  of  both  come 
together  into  one  mafs,  they  will  not  touch  one  another  fo,  as  not  to 
leave  interfaces  between  them;,  whence  I have  been  induced  to  think,  that' 
leveral  Hones  are  not  void  of  porofity*  For  I have  obtained  metalline 
parts,  both  from  granats,  and  emery;  tho’  the  latter  be  fo  exceeding 
hard,  that  it  is  ufually  employed  by  artificers  to  work  upon  iron,  and 
Heel ; and  to  cut  not  only  rock  cryHal,  but  feveral  gems,  harder  than  ei- 
ther that,  or  Heel.  Hence,  alfoy  we  may  probably  infer  the  porofity  of 
many  artificial  gems,  made  by  fufton  ; for  to  give  thefe  the  colour  of  fap- 
phires,  topazes,  amethyHs,  (Sc.  we  add  to  the  matter,,  either  fome  pre- 
pared metal,  as  calcined  copper,,  calx  of  gold,  &V.  or  elfe  fome  mineral, 
aszaffora,  and  Magnefia.,  which  abound  in  metalline  parts.  Nay,  I have 
fometimes  given  the  colour  by  natural  gems,  as  granats  ; tho’  to  fhew 
that  the  colouring*  which  the  mafs  received  from  thefe,  proceeded  from 
the  metalline  corpufcles,..  that  lay.  hid  in  the  tinging  matter,  the  colour 
produced  was  not  that  of  the  gem,  but  very  different.  And  this  experi- 
ment makes  it  alfo  probable,  that  even  natural  ’ gems  are  themfelves  po- 
rous ; ftnce  they  are  made  up  of  fuch  differing  ingredients  as  ffony  and 
metalline  corpufcles.  From  the  fame  foundation  we  may,  likewife,  deduce 
the  porofity  of  mareafttes  ; many  of  which  I have,  obferved  to  be  not  on- 
ly fo  hard,  as  plentifully  to  firike  fire  by  colli  lion  with  Heel;  but  more 
ponderous  than  many  rich  ores  ; for  they  ufually  contain  more  or 
lefs  of  copper,  iron,  combuftible  fulphur,  a corroftve  fait,  and  a certain 
fixed  fubltance,  which  I found  to  differ  from  true  earth.  J might  here, 
alfo,  deduce  the  porofity  of  the  load-ffone,  as  hard  and  Folid  a body 
as  it  is,  from  its  effluvia,  and  heterogeneity.  But  the  porofity  of  mar- 
ble, and  feveral  other  Hones  of  like  texture,  appears  from  their  folution  by 
various  corrofive  menHruums,  and  fome  of  them  even  by  vegetable  li- 
quors, as  the  juices  of  lemmons  and  barberries : but  a more  fatisfaftory 
proof  arifes  from  the  Haining  of  white  marble,  without  any  fretting  li- 
quor, or  fpoiling  the  texture  of  it,  as  I my  felf  have  try’d.  For  an  excel- 
lent red  colour  may  be  made  to  foak  into  a piece  of  white  marble,  almoH 
as  oil  finks  into  leather,  without  impairing  the  folidity  cf  the  Hone, 
which,  too,  will  be  capable  of  as  fine  a glofs  as  before.  Seme  other  colours 
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Physics,  might,  alio,  be  brought  to  foak  into  marble.  An  artificer,  whom  I intro- 
sr^  duced,  prefented  the  king  with  an  Andromeda , whofe  colours  were  very 
vivid  -,  and  to  fatisfy  his  majefty,  that  the  fine  red  was  not  a mere  varnifh, 

I purpofely  broke  a marble  plate,  in  whofe  fragments,  the  pigment  had 
funk  to  a confiderable  depth  : and  a fine  plate  of  fuch  white  marble,  with 
the  penetrating  pictures  of  coloured  flowers  upon  it,  I yet  keep  by  me  •, 
and  fome  utenfils  of  the  fame  kind  of  (tone,  as  hafts  of  knives,  falt-fellers, 
&c.  I have  known  to  laft  for  feveral  years.  But  there  is  an  experiment, 
that  pleads  much  ftronger  for  the  porofity  of  folid  bodies,  than  even  this 
of  draining  marble.  For,  in  Italy,  fome  goldfmiths  have  a way  of  imbuing 
fragments  of  rock-cryftal,  which  is  a body  much  harder  than  marble, 
with  various  colours,  fo  as  to  make  them  worth  fetting  in  gold  rings. 
Upon  information  hereof,  I attempted  to  tinge  cryftal,  with  indifferent 
fuccefs  •,  but  fufpedt  that  the  vehement  heat  I employ’d  made  fmall  cracks 
in  feveral  parts  of  the  ftone,  wherein  the  pigment  enter’d.. 

Of  metals.  That  metals  are  porous,  may  be  proved  by  their  folution  in  appropri- 
ated menftruums.  But  it  feems  more  confiderable,  that  even  grofs  bodies 
will  penetrate  them  without  melting : and  this  we  have  effected  by  a ce- 
mentation of  copper-plates  with  common  fulphur,  laid  ftratum  fuper  flra- 
tum , in  a cover’d  crucible,  expofed  to  a proper  degree  of  fire  j the  plates 
being  thereby  quite  altered  in  colour,  and  texture-,  fome  of  them  appear- 
ing of  a dirty,  others  of  a fine  violet  or  blue  colour.  They  were,  alfo, 
generally  render’d  fo  brittle,  that  it  was  very  eafy  to  break  them  with 
one’s  finger,  and  reduce  them  to  powder.  And  many  of  them  appeared 
to  have  "been  horizontally  divided  into  two  parts,  with  a manifeft  cavity 
between  them.  I could,  likewife,  plainly  difcern  a multitude  of  fibres, 
reaching  from  one  of  the  flat  fides  of  the  plate  to  the  other,  and  running 
parallel  with  one  another-,  which  circumftances  fufficiently  argue,  that 
they  were  pierced  quite  thro*  by  the  fulphur : befides,  they,  alfo,  gained  in 
weight  by  the  procefs,  appear’d  much  thicker,  and,  laid  upon  quick  coals, 
yielded  a blue  flame.  By  the  like  experiment  we  found  refined  filver  to 
be  penetrable  by  fulphur,  which  will  alfo  calcine  tin,  lead,  and  iron.  Me- 
tals are,  alfo,  penetrable  by  prepared  arfenic.  But  thefe  operations  with 
it  are  dangerous.  There  is  a ftill  farther  way,  without  the  help  of  falts, 
fulphur,  or  arfenic,  to  make  a folid  and  heavy  body  foak  into  the  pores 
of  copper,  and  give  it  a durable  golden  colour,  that  fliall  fink  confiderably 
below  the  fur  face. 


A farther  proof,  to  this  purpofe,  is  afforded  us  by  the  impregnation  of 
folid  bodies  with  odorous  corpufcles,  as  is  pracftifed  on  fword-blades  at 
Damafo , and  on  many  other  hard  fubftances  by  the  Indians.  An  acquain- 
tance of  mine  had  a watch,  whofe  metalline  cafe  ftrongly  retained  a per- 
fume, without  fenfible  diminution.  And,  indeed,  fince  both  arfenic,  and 
common  fulphur,  may  be  incorporated  with  fome  metals  ; it  feems  not  - 
impoffible,  that  lcented  fubftances  fhould  be  admitted  into  the  pores  of 
metalline  bodies,  and  be  volatile  enough  to  have  their  more  fubtile  parts 
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fly  oft'  in  odorous  exhalations.  I have  made  a metalline  compofition,  which  Physics. 

looked  like  gold,  and  of  which,  I caufed  a ring  to  be  call,  that  retained  v- — * 

fo  many  invifible  mercurial  corpufcles,  as  to  prove  medicinal. 

An  inquifitive  nobleman,  who  had  lived  in  feveral  parts  of  / Ifrir , told 
me,  that  fome  defcendants  of  the  Granadine  Moors , made  the  befi  arms  he 
ever  met  with  *,  of  whom  he  had  a fword-blade  admirably  perfumed,  as 
alfo  the  barrel  of  a fowling-piece. 

Glafs  being  reputed  the  moil  compact  body  we  know,  it  will  be  expected  of  glafs . 

1 fhould  here  fay  fomething  about  the  pcrofity  of  it.  And  to  proceed  with 
fome  method,  I fhall  throw  what  I have  to  offer  upon  this  head  into  two 
diftindl  propofitions,  and  annex  obfervations  to  them. 

prop.  r. 

It  is  very  probable , that  glafs  may  be  deeply  penetrated , even  by  vifible  and 

tangible  bodies . 


Having  long  kept  a certain  fpirit  of  fait  in  a vial,  I at  length  found  the 
glafs  crack’d,  and  moft  of  the  liquor  run  out*,  but  before  this  happened,  it 
had  fo  far  corroded  the  inftde  of  the  glafs,  that  in  fome  places  it  was  be- 
come as  thin  as  paper : and  this  part,  which  yet  continued  glafs,  was  lined 
with  a much  thicker  white  fubftance,  that  ftuck  to  the  fides  of  it,  and 
looked  and  tailed  like  a kind  of  odd  fait ; which  made  me  conjedlure,  that 
it  proceeded  from  the  fubftance  of  the  glafs,  which  confifts  of  an  alkali, 
as  well  as  of  fand  corroded  by  the  faline  fpirits  of  the  menllruum,  and 
coagulated  with  them  into  this  odd  kind  of  concrete  : and  ’twas  remark- 
able, that  the  upper  part  of  the  vial,  to  which  the  menllruum  did  not 
reach,  was  not  corroded,  nor  altered,  tho’  the  operation  of  the  liquor 
reach’d  as  high  as  the  liquor  it  felf : and  an  experienced  chymill  allured 
me,  that  the  like  thing  happened  to  him.  I had  alfo  another  vial  cor- 
roded by  a dillilled  liquor  of  vitriol,  that  contained  more  phlegm  than 
oil : but  fome  acid  menllruums  will  not  corrode  fo  readily,  if  they  are 
very  llrong,  as  when  diluted  with  a convenient  quantity  of  water.  Thus 
to  oil  of  vitriol  it  felf,  when  employ’d  to  make  Vitriolum  Martis , we  add 
water,  that  it  may  the  better  diflolve  the  iron.  And  it  fhou’d  feem  as  if 
that  vitriol  had  fome  peculiar  faculty  of  penetrating  and  fretting  glafs  *,  for 
dillilling  a pound  of  Dantzic  vitriol,  and  a pound  of  fea-falt,  when  the  for- 
mer had  been  very  lightly  calcined,  and  the  latter  decrepitated  •,  we  after- 
wards found  the  heat  had  here  and  there  melted  it,  and  that1  the  fluxed  Caput 
mortuim  had  corroded  the  glafs,  fetching  off  films  from-  it’*,  and  thofe 
parts  which  did  not  appear  to  the  eye  thus  manifeflly  wafted,  feemed,  by 
their  great  brittlenefs,  to  have  been  penetrated,  fo  that  their  texture  Was 
fpoiled  by  the  faline,  and  vitriolate  corpufcles. 
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P R O P.  II. 

Common  glafs  is  not  ufually  pervious  to  chymical  liquors , tho 9 flror.g  and  fubtile, 

nor  to  the  dire  fitly  vifble,  or  odor  able  expirations  cf  bodies tho * abfolutely 

J 'peaking , it  is  pervious  to  fame  corporeal  fubftances. 

As  for  the  firft  part  of  the  prqpofition  ; it  is  rnanifeftly  agreeable  to 
common  experience,  that  in  well-ftopp’d  vials,  the  moft  fubtile  and  pier- 
cing menftruums,  whether  acid,  urinous,  or  volatile,  may  be  kept.  And 
thefe,  tho*  in  diftillation,  they  are  often  greatly  agitated,  and  perhaps  fub- 
tilized  by  heat,  yet  if  the  luting,  that  joins  the  receiver  to  the  retort, 
be  very  firm  and  clofe,  will  often  burft  the  receivers  to  pieces  j which  pro- 
bably would  not  happen,  if  the  fpirits  could  infinuate  and  prefs  thro5  the 
pores  of  glafs.  It  may  be  pretended,  that  fuch  veftels  are  thick  ; but 
having  procured  very  fine  bubbles  blown  extremely  thin,  I could  not 
find,  that  either  dry  fait  of  tartar,  would  relent  in  one,  that  long  lay 
under  water,  or  that  ftrong  fpirit  of  fakarmoniac  would  penetrate  ano- 
ther, which  we  kept  for  a great  while  imme-rfed  in  it.  Thefe,  and  fome 
other  trials,  have  made  me  very  diffident  of  the  experiments  delivered  by 
fome  men,  as  to  the  pervioufnefs  ©f  ordinary  glafs  vefiels  to  chymical  li- 
quors-, as  that  mercury  and  Aquafortis,  being  digefted  together  in  a bolt- 
head,  may,  by  rubbing  the  outfide  of  the  glafs,  be  made  vifibly  and  pal- 
pably to  tran  ude : which  experiment  I purpofely  made  with  care,  but 
without  fuccefs.  After  all,  it  muft  be  remembred,  that  I here  fpeak 
of  what  ufually  happens:  for  in  fome  extraordinary  cafes,  I do  not 
abfolutely  deny,  that  the  general  rule  may  admit  of  exceptions ; which 
are  likelieft  to  take  place,  when  the  peculiar  texture  of  the  glafs  is  flight ; 
or  when  the  bodies  to  pervade  it,  are  vehemently  agitated  by  heat  *,  or 
when,  befides  both  thefe,  their  particles  chance  to  have  a particular  fitnefs 
to  that  particular  glafs,  they  are  to  pals  through.  I have  feen  a glafs 
fo  loft,  that  velfels  of  it  would  be  rnanifeftly  prejudiced  by  liquors,  not 
confiderably  fharp  or  corrofive,  if  they  were  put  in  very  hot.  I have  alfo 
heard  another  fort  of  glafies  complained  of  by  diftillers,  as  fubfeft  to 
be  injured  by  corrofive  liquors.  And  I once  knew  a phyfician,  whom  fe- 
verai  chymilts  fufpedted  to  have  the  philofopher’s  fione,  but  debating  his 
principles  freely  with  him,  he  own’d  he  had  been  miftaken,  and  frankly 
gave  me  an  ingenious  account  of  his  proceedings,  wherein  the  principal 
thing  which  dazzled  him,  was,  that  he  had  reduced  the  matter  he  wrought 
upon  real  gold,  to  fuch  a degree  of  fufibility,  and  fubtilty,  that  when 
he  gave  too  ftrong  a fire,  as  miftake  or  curiofity  made  him  leveral  times 
do,  the  finer  part  of  the  metal  would  fweat  through  his  glafies,  and 
ftick  fometimes  to  the  outfide  of  .them,  and  fometimes  to  the  neighbour- 
ing bodies.  I objected,  that  he  might  here  be  miftaken,  and  that  what 
he  thought  had  come  out  by  tranfudation,  rather  i filled  at  fome  fmall 
unheeded  crack  ; but  he  replied,  that  he  had  made  the  obfervation  fo 

often. 
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often,  and  with  fiich  care,  as  had  fully  fatisfied  him  it  was  a real  penetra-  Physics. 
^tion  of  the  glafs,  by  the  attenuated  metal.  But  whatever  be  judged  of 
this  matter,  having  once  diftilled  fpirit  of  harts-horn,  with  a very  ftrong 
fire,  into  a large  and  thick  receiver,  but  of  a coarfe  kind  of  glafs  •,  it  ap- 
pear’d that  the  glafs  it  felf  was  penetrated  by  fome  fumes,  or  fubtile  li- 
quor, that  fettled,  in  ftrongly  fcented  drops,  on  the  outfide  of  it.  But  fuch 
inftances  being  very  rare,  and  happening  but  in  fome  cafes,  or  conjunctures 
of  circumftances,  they  affect  not  the  truth  of  the  firft  part  of  our  propo- 
fition,  in  the  fenfe  wherein  it  is  delivered.  And  as  to  the  fecond  part, 
which  afierts  the  pervioufnefs  of  glafs  to  fome  corporeal  fubftances,  it  ap- 
pears from  the  free  ingrefs  and  return,  which  our  fealed  thermometers 
fhew,  the  atoms  or  corpufcles  of  cold  and  heat,  are  allow’d  to  make  thro* 
the  pores  of  glafs,  that  contains  the  rifing  or  falling  tincture,  or  other 
liquor.  And  the  effluvia  of  a load-flone  will  invigorate  fteel  in  hermeti- 
cally fealed  glafies":  nay,  the  effluvia  of  the  earth,  are"  readily  tranfmit- 
ted  thro’  glafs,  and  will  operate  on  iron,  in  vefiels  hermetically  fealed.  If 
light  be,  as  probably  it  is,  either  a fubtile,  and  rapidly  moving  body,  or 
at  leaf!  requires  fuch  an  one  for  its  vehicle,  it  is  pofiible  fora  body,  with- 
out difficulty,  to  pafs  through  the  pores  of  glafs  ; fince,  by  the  help  of 
light,  we  can  clearly  fee  the  dimenfions,  lhapes,  and  colours  of  ob- 
jects included  in  glafies.  And  bodies,  far  Jefs  fubtile  than  thofe  which 
conftitute  or  convey  light,  may  permeate  glafs,  if  they  be  aftifted  by  an 
impetuous  motion,  or  a brifk  impulfe  ; as  I have  found  by  the  increafe  of 
"weight  in  fome  metals,  expofed,  in  hermetically  fealed  glaffes,  to  the  acti- 
on of  flame.  And,  without  any  fenfible  heat,  I think  it  not  impoflible, 
that  glafs  fhould  be  freely  penetrated  by  fome  kind  of  corpufcles,  which 
happen  to  rove  about  in  the  air  •,  for,  having  in  two  or  three  vials,  clofely 
flopp’d,  kept  a certain  tranfparent,  colourlefs  liquor,  it  would  by  fits  ac- 
quire, 


changes  to 


and  lofe  an  high  colour  *,  tho’  I could  not  reafonably  impute  the 
any  other  caufe  fo  probable,  as  the  admifllon  and  exclufion  of 


now 


? 


■/// 


fome  particles,  which  at  that  time  happened  to  fwinrin  the  air,  and 
and  then  to  invade,  or  defert  the  liquor. 

There  is  another  argument  for  the  porofity  of  glafs,  to  be  drawn  from  ™ay  cf 
fome  of  the  ways  of  colouring  it,  for  the  windows  of  churches,  and  other 
buildings.  For  tho’  it  be,  in  fome  cafes,  rather  painted,  or  fuperficially  en- 
amelled, than  tinged  *,  yet,  in  others,  the  pigment  appears  to  pierce  a little 
beneath  the  fuperficies  of  the  glafs  -,  and  the  yellow  colour  will  not  on- 
ly g©  deeper,  but  fometimes  feems  to  penetrate  the  whole  glafs  from 
fide  to  fi  le.  The  methods  of  draining  it,  having  been  hitherto  known 
but  to  few,  the  artificers  are  fliy  of  their  fecrets-,  tho’  we  know,  in  general, 
that  it  is  done  by  covering  the  plates  with  mineral  pigments,  laid  on  beds 
of  beaten  lime,  or  fome  ether  convenient  powder,  and  kept  for  feveral 
hours  in  a ftrong  fire,  yet  not  ftrong  enough  to  melt  down  the  plates  *,  by 
which  means  the  pores  of  the  glafs  being  much  opened,  and  the  pigments 
iikewife  agitated,  and  fome  of  them,  as  it  were,  vitrified  with  it,  they  arc 
made  either  to  pierce  into  the  plate,  or  at  leaft  to  ftick  very  clofely  to  it. 

Vol.  I.  N n n But 
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But  to  fhewy  more  particularly,  that  glafs  is  porous,  we  took  filver  calcined 
by  burning  fulphur  upon  it  in  the  open  air,  and  laid  it  upon  a piece  of  glafs, 
and  placed  it,  with  the  pigment  uppermoff,  upon  a few  quick  coals  to  neal 
a while  •,  we  gave  it  about  fuch  a degree  of  heat,  as  might  make,  and  keep 
it  red-hot,  without  fufion  ; and  then  fuffering  it  to  cool  by  degrees,  we 
found  that  the  glafs  had  acquired  a yellow,.and  aimoft  a golden  colour,  not 
to  be  wafhed  off,  or  taken  away  without  fuch  1 craping  as  would  fpoil  the 
glafs  it  felf.  And,  by  the  way,  it  is  remarkable,  that  if  the.  fire  be  made 
too  Hrong,  the  dyed  glafs,  when  held  againff  the  light,  appears  of  a gol- 
den or  yellow  colour  j yet  when  held  from  the  light,  looks  blue.  Whe- 
ther the  gold-colour,  produced  by  filver,  favours  the  hopes  of  thofe 
chymifls,  who  work  on  that  metal,  upon  prefumption,  that  it  is  but  un- 
ripe gold,  I muff  not  here  examine.  But,  fince  yellow  is  not  the  co^- 
lour  of  filver,  the  yellownefs,  acquired  by  our  glafs  plates,  feems  to 
argue,  that  the  fubffance  of  the  particles  of  the  filver  has  penetrated 
into  the  glafs  j there  appearing  no  way  fo  ready  to  account  for  this  change 
of  colours,  as  by  fuppofing  the  particles  of  the  filver  to  be  wrought  on  by 
the  fixed  falts,  and  other  fine  parts  of  the  glafs  ; fince  we  know,  that 
metals  may  afford  differing  colours,  according  to  the  faline  and  other  bo- 
dies that  work  upon  them  ; as  copper  with  fpirit  of  urine,  which  abounds 
in  volatile  fait,,  gives  a deep  blue  *,  with  fpirit  of  fait,  a fair  green  ; and 
with  Aqua  fortis , a colour  that  participates  of  both.  And  in  making  glafs 
of  lead  with  minium  and  white  land,  or  cryftal,  the  glafs  it  felf,  if  well 
prepared,  is  ufually  of  an  amethyfline  colour  : but  if  a due  proportion  of 
calcined  copper  be  put  to  it,  this  metal  will  not  communicate  its  own  red- 
difhnefs  to  the  glafs,  but  fo  good  a green,  that  fometimes  pieces  of 
this  glafs,  fuch  as  we  have  caufed  to  be  cut,  and  fet  in  rings*  might, 
amongff  thole  who  judge  of  Hones  only  by  the  eye,  pafs  .for  tolerable 
emeralds. 

It  may  here  be  afked,  whether  glafs  can  be  tinged  quite  through  with . 
a red?  and  whether  the  art  of  dying  glafs  be  now  altogether  loft?  We 
can  anfwer  the  firff  queffion  in  the  affirmative  *,  tho5  the  red  tindlure  being 
communicated  not  properly  by  mere  penetration  of  the  pigment,  but  by 
the  incorporation  of  it  with  the  glafs,  or  its  materials,,  by  the  help  of  fufi- 
on, I think  the  experiment  of  no  great  ufe  in  our  prefent  enquiry  : and  as  to 
the  fecond  queftion,  I wifh  it  may  be  cautioufty  Hated.  For  upon  the 
burning  of  St.  Paul’s  Cathedral  in  London , many  pieces  of  the  red  glafs 
were  found  broken,  and  fcattered  about,  fome  of  which  I procured ; 
when  I came  to  examine  them  narrowly,  I was  confirm’d,  that  the  red- 
nefs  did  not  penetrate  the  whole  glafs  *,  for,  tho’  in  other  poHures  no  fuch 
thing  could  be  difcerned,  yet  when  I fo  held  it,  that  the  furfaces  of  the 
plate  lay  in  a level  with  my  eye,  between  it  and  the  window,  fo  that  the 
broken  edge  was  next  my  eye,  I could  plainly  fee  the  lower  part  of  the 
plate  to  be  of  ordinary  uncoloured  glafs,  upon  which  there  lay  a very  thin 
plate  or  bed  of  a tranfparent  red  pigment,  which,  it  was  not  impoflible 
in  fome  places  to  ferape  off.  But  to  return  to  thofe  colorations,,  that  feem 

to 
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to  penetrate  the  pores  of  glafs-,  I had  once  occafion  to  diftil,  in  a fmall  Physics. 
retort,  fome  gold  amalgamed  with  fuch  a iine  and  fubtile  mercury,  that  - 

being  put  to  the  metal  in  the  cold,  they  prefently  grew  hot  together: 
and  in  the  diftillation  of  this  uncommon  mixture,  I found  the  matter  had, 
before  it  flew  away,  permanently  ftained  about  an  inch  in  diameter  of 
the  bottom  of  the  glafs,  with  a colour,  like  that  of  the  better  fort  of  tur- 
quoife  but  being  viewed,  when  it  was  interpofed  between  the  window 
and  the  eye,  it  appeared  of  a fomewhat  golden  colour.  And  an  induftri- 
ous  perfon,  having  united  gold  with  a particular  quick-filver,  by  my  di- 
rediion,  he  kept  them  in  digeftion  for  fome  months  i when  the  fire  having 
been  immoderately  increafed,  the  fealed  glafs  burfi:  with  a frightful  noife ; 
and  the  included  amalgam  was  fo  ftrangely  diflipated,  that  fcarce  the  leaf!, 
fragment  of  it  could  be  recovered.  But  the  flate  of  decodlion  having  con- 
tinued a long  time,  it  feems  the  matter  was  fubtilized  enough  to  have  a no- 
table operation  on  the  glafs.  For  tho’  the  upper  part  were  blown  off,  and 
fhattered  into  pieces,  yet  the  lower  efcaped  tolerably  whole  and  1 took 
notice,  with  delight,  that  it  was  tinged  throughout  of  a fine  and  glorious 
red,  hardly  to  be  matched  by  that  of  rubies. 


n n 2 


T H E 


ReJ},  what? 


No  bodies  at 
ahfolute  reji. 


INTESTINE  MOTION 

O F THE 

PARTS  of  S O L I D S. 

THE  term  reft,,  applied  to  a vifible  and  entire  mafs  of  matter, 
commonly  fignines  fuch  a ftate  of  it  wherein  no  motion,  either 
of  the  whole,  or  its  particles,  appears  to  the  eye.  And  in  this 
fenfe  feveral  bodies  may,  doubtlefs,  be  faid  to  be  at  reft. 

But  there  is  alfo  a more  ftridl  and  philofophical  kind  of  reft,  which  we 
may  caU'abfolute  importing  the  continuance  of  a body  in  the  fame  place 
precifely  i with  an  abfolute  negation  of  all  motion, . tho*  ever  fo  flow  or  im- 
perceptible. And  in  this  rigid  fenfe  of  the  word,  perhaps  no  bodies  in  the 
univerfe  are  at  reft. 

On  the  Epicurean  hypothefts  of  the  world,  the  atoms  that  compofe  all 
the  parts  thereof  are  it*  perpetual  motion.  And  if  we  admit  the  Car - 
tefian  fcheine,  a fubtile  matter  conftantly  paffes  thro’  the  pores  of. 
the  moft  folid  bodies  ; and  therefore,  in  all  probability,  is  continually 
lhaking  the  minute  parts  of  thofe  that  feem  to  be  at  reft-,  the  eye  taking 
no  notice  of  the  motion:  as  a gentle  wind,  ftealing  thro’' a grove,  will 
not,,  to  a remote  fpetftator,  appear  to  ftir  the  leaves  and  twigs  of  the 
trees. 

Several  fluids,  which  appear  to  be  continued  maflfes  of  matter,  and  to 
reft  as  much  as  the  veflfels  that  contain  them,  yet  have  their  conftituent 
parts  in  a various-  adlual  motion,  tho’  flow  and  unperceiv’d. 

That  there  may  be,  likewife,  fuch  a motion  in  the  minute  parts  even 
of  filver  and  iron,  appears  by  the  heating  of  thofe  metals  almoft  red  hot  j 
when  tho’  the  eye  difcerns  no  motion,  the  touch  will  be  fufHciently  affedted 
by  it ; water  thrown  upon  them  in  that  ftate  will  be  made  to  boil  *,  and 
bare  agitation,  without  the  afliftance  of  fire,  will  enable  thefe  metals  to  ex- 
hibit the  like  phenomena. 

If  a fteel  fpring  be  forcibly  bent,  and  kept,  for  a moderate  time,  in  that 
pofture,  ’twill  upon  the  removal  of  the  force,  reftore  it  felfj  but  if  de- 
tain’d very  long  in  that  pofttion,  it  gradually  lofes  its  motion  of  reftitu- 
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tion  ; which  (hews  the  power  of  fome  fecret,  tho’  familiar  agents  in  na-  Physics. 
ture  ; and  that,  where  there  is  a continual  endeavour  of  the  parts  of  a bo- 
dy  to  put  themfelves  into  another  ftate,  the  progrefs  may  be  much  flower 
than  we  ufually  imagine.  And  this  is  farther  manifeft  from  the  durable 
magnetic  power  gradually  gain’d  by  a rod  of  iron,-  flanding  for  a long 
time,  perpendicularly,  expofed  to  the  air. 

Lignum  Vit<e , tho’  it  feems  to  be  the  moft  folid  wood  we  know,  yet  I am  An  inteftine 
inform’d  from  good  hands,  that  it  requires  a great  length  of  time  to  fea-  motion  in  the 
Ion  it-,  fo  that  it  ought  to  be  kept  for  twenty  years  before  ’tis  fit  for  fome^r/j'  °ftlV00^ 
purpofes  , otherwife  the  heat  of  the  fun  will  crack  and  cleave  it  to  pieces. 

And  in  turning  this  wood,  cavities  of  feveral  fizes  have  been  found  fill’d 
with  confiderable  quantities  of  gum.  Now,,  fince  fo  folid  a body  requires 
fo  long  a time  to  feafon  it,  that  is,  to  give  it  a due  compa&nefs  •,  and 
fince  this  feafoning  feems  to  confift  in  the  gradual  avolation  of  the  loofer,, 
aqueous  and  more  fugitive  parts,  whereby  the  remaining  folid  ones  are 
brought  clofer  together  ; it  follows,  that  even  in  the  internal  parts  hereof,, 
there  mufl  be  a motion,  tho’ too  flow  to  fall  immediately  under  the  fenfes. 

And,  if  trie  gum  abovemention’d  be  generated,,  as  ’cis  probable,  after  the 
tree  is  cut  down  *,  then  a grofs,  tenacious  fubftance  may  penetrate  one  that 
is  very  folid  and  inanimate  *,  which  cannot  happen  without  an  inteftine  mo- 
tion among  the  parts  of  the  wood,  and  probably,  a wonderfully  flow  one 
of  thofe  of  the  gums. 

Nay,  wood  of  a much  Ioofer  texture  will  require  a longer  time  to  feafon 
it  than  guaiacum.  For  ancient,  muficians  and  makers  of  mufical  inftruments 
declare,  that  fome  lutes  will  require  forty  years  to  bring  them  to  their  due 
tone ; if  the  wood  be  thick,  and  other  circumftances  not  very  favourable. 

And  I have  been  inform’d,  that  there  are  fome  famous  inftruments  of  the 
fame  kind,  which,  to  attain  their  full  feafoningand  beft  found,  require  the 
fpace  of  fourfcore  years. 

The  walls,  alfo,  of  fome  buildings,  attain  not  their  due  hardnefs  mdS/ones, 
folidity  in  lefs  than  forty  years,  or  more  whence  the  motion  of  their 
internal  parts  may  well  be  argued.  And  there  are  ftony  as  well  as  me- 
talline marcafites,  which  have  fo  great  a motion  in  their  internal  parts,, 
that,  if  expofed  to  the  air,  they  will  manifeft  a vicriokte  effiorefcence  on 
their  furface, . and,  in  tra<ft  of  time,  bur  ft  to  pieces  *,  of  which  I have  feei* 
fome  inftances.  And  this  vitriolate  efflorefcence  will,  as  I have  try’d,  hap- 
pen on  the  internal  furface  of  a broken  marcafite„  as  well  as  on  the  ex- 
ternal. But  what  is  more  extraordinary,  a gentleman,  of  my  acquain- 
tance, had  a turquoife  ftone,  wherein  were  feveral  fpots  of  different  colours,, 
which  feem’d  to  him,  for  many  months,  to  move  (lowly  from  one  oaFt  of 
the  ftone  to  the  other.  And,  having  the  ring,  wherein  ’twas  fct,,  put  into 
my  cuftody,  I drew  pictures  of  the  fpots  at  different  times  •,  and  by  com- 
paring feveral  of  the  draughts  together,.,  it  evidently  appear’d  that  they 
fhifted  their  places,  as  if  the  matter  whereof  they  confifted  made  its 
way  thro’  the  fubftance  of  the  ftone.  And,  as  far  as  we  obferved,  the  mo- 
tion of  thefe  fpots  was  exceeding  (low  and  irregular.  An  experienced, 
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jeweller,  likewife  afiured  me,  that,  in  a few  turquoife  ftones,  he  had  dfofer- 
1 ved  two  different  blues,  in  different  parts  of  the  fameftone  ; and  that  one  of 
thefe  colours  wou’d,  by  flow  and  imperceptible  degrees,  invade,  and,  at 
length,  overfpread  that  part  of  the  (lone,  which  the  other  before  pof- 
fefs’d.  And  the  fame  gentleman  who  lent  me  the  fpotted  turquoife,  alfo 
fhew’d  me  an  agate -haft  of  a knife,  wherein  was  a certain  cloud,  which 
an  ingenious  perfon  had  for  fome  years  obferved  to  change  its  place  in  the 
ftone. 

Giafs  and  diamonds  are  generally  efteem’d  bodies  of  the  clofeft  and 
firmeft  texture  that  nature  and  art  afford.  If,  therefore,  we  can  fhew  an 
iriteffine  motion  in  thefe,  it  will  hardly  be  denied  in  fofter  fubftances. 
.Now,  diamonds  eafily  become  electrical  •,  and  fome  of  them  will,  by  being 
rubbed  upon  a cloth,  be  brought  to  fhine  in  the  dark  ; in  both  which 
cafes  a change  of  texture,  even  of  .the  internal  parts,  is  required:  and  the 
friCtion  producing  this  change,  doing  it  immediately  by  putting  the  parts 
of  the  done  in  motion,  it  feems  that  a very  moderate  force  may  caufe  an 
inteftine  motion,  even  in  the  internal  parts  of  diamonds.  And,  perhaps, 
more  hidden  agents  may  make  impreffions  upon  thefe  hardeft  of  bodies. 
In  a diamond-ring  which  I conftantly  wear,  1 have  often  feem’d  to  obferve 
a manifeftly  greater  clearnefs  and  fparkling  at  fome  times  than  at  others  *, 
when  I cou’d  afcribe  neither  to  any  manifeft  caufe.  And  in  a rough  dia- 
mond of  mine,  I have  in  a fhort  time  obferved  confiderable  variations  in 
its  degrees  of  electricity  *,  tho’  no  manifeft  caufe  appear’d  of  fo  furprizing 
a phenomenon.  A very  ingenious  lady,  alfo,  who  wears  abundance  of 
diamonds,  affur’d  me,  fhe  had  often  obferved  the  like  alterations  in  fome 
of  them ; which  wou’d  fometimes  fparkle  more,  and  fometimes  be  far 
more  dull  than  ordinary,  tho’  neither  the  weather  nor  the  foulnefs  of  the 
ftones  cou’d  occafion  it.  And  I have  feen  a cloudy  Hungarian  diamond, 
made  clear  by  lying  for  fome  time  in  a cold  liquor  ; and  the  owner  affirm’d 
it  wou’d  gradually  lofe  more  of  its  cloudinefs,  the  longer  it  was  detain’d 
therein.  And  what  I faw  my  felf,  fufficed  to  fhew,  that  changes  are  pro- 
ducible even  in  the  inward  parts  of  fuch  diamonds,  by  agents  aCting  with- 
out any  apparent  violence. 

And  if,  as  ’tis  poffible,  diamonds  may  be  generated  from  time  to  time 
in  the  bowels  of  the  earth,  perhaps  they  may,  after  they  feem  perfect,  and 
fit  for  rings,  long  continue  to  have  an  infenflble  motion  thro’  the  whole 
of  them  *,  whereby  the  component  particles  of  each  may  be  difpofed  into 
a more  convenient  texture,  to  conftitute  an  extremely  hard  body : for 
diamonds  are  not  equally  hard.  An  expert  lapidary  allures  me,  he  finds 
fome  of  them  fo  foft  and  brittle,  that  he  refutes  to  cut  or  polifh  them* 
left  they  fliou’d  break  upon  the  mill.  And  a late  French  author,  giving 
an  account  qf  the  Eafiern  diamond-mines,  tells  us,  that  the  ftones  of 
the  third  mine  are  very  clear,  and  of  a good  water,  but  muft  be  ground 
with  ftones  of  the  fame  mine,  becaufe  with  thofe  of  another  they  wou’d 
be  broken  to  pieces ; for  they  eafily  break  upon  the  wheel : fo  that 
.filch  as  are  not  verfed  in  them,  may  be  eafily  deceiv’d  therein.  This 
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author  farther  adds,  that  upon  moft  of  the  diamonds  of  the  fecond  mine.  Physics. 
there  appears  a kind  of  greafinefs,  which  feems  to  proceed  from  fome  infen- 
fible  effluvium  of  the  (tone,  condenfed  by  the  air  on  the  furflice : which 
conjecture  might  be  examin’d  by  an  exaCt  balance.  A curious  lady, 
very  nearly  related  to  me,  has  a fair  ruby,  fet  in  a rich  ring,  which  fome- 
times  yields  a more  vivid  fire  than  ordinary,  and  at  others  is  manifeftly 
more  dull  and  cloudy,  tho*  this  be  in  no  wife  owing,  as  fhe  exprefly  af- 
fured  me,  upon  repeated  obfervations,  to  the  cloudinefs  of  the  weather,  or 
any  fuperficial  foulnefs  of  the  flone. 

Upon  inquiry  among  the  makers  of  telefcopes,  and  fuch  as  ufe  them,  1 And glafr. 
found  that  the  Venice- glades  employ’d  in  them,  wou’d  fometimes  crack, 
fpontaneoufly,  whilft  they  were  in  plates,  and  fometimes  after  they  were 
ground  and  polifh’d.  And  I have  fufpedted  that  fome  faline  corpufcles, 
more  numerous  than  the  nature  of  the  glafs  requires,  may,  by  flow  and 
imperceptible  degrees,  fo  tend  towards  the  furface  of  it,  as  either  to  get 
out  at  its  pores,  or  crack,  or  burft  the  glafs,  in  attempting  to  force  a paf- 
fage  outwards.  And  I.  am  inform’d  by  fuck  as  deal  much  in  glafs,  that 
there  will  fometimes,  efpecially  in  the  winter  and  very  moifl  weather,  be  a 
kind  of  efflorefcence,  of  a faltifh  tafte,  irranifeftly  difcernible  upon  the  fur- 
face  of  their  glafles.  I have,  alfo,  a thick  glafs  cup,  that  was,  foon  after  the 
making,  fo  flaw’d  with  a multitude  of  little  cracks,  that  at  a diftance  it 
look’d  white,  and  not  tranfparent.  I have,  fometimes,  alfo,  had  veflels,  and 
other  bodies  of  glafs  confiderabiy  thick,  which,  of  their  own  accord,  have 
fuddenly,  and  with  noife,  broke  to  pieces,  tho’  fome  of  them  had  been  well 
nealed.  And  the  like,  upon  inquiry,  I find  has  frequently  happen’d  to  glafs- 
men  and  others  •,  particularly,  .feveral  pieces  of  large  ftrong  looking-glafles, 
broke  in  this  manner,  have  been  fhew’d  me,  by  the  maker,  who  aflured  me 
this  wou’d  fometimes  happen,  after  they  had  long  Hood  in  his  fhop  ; when 
they  wou’d  fly  afunder  with  fuch  violence,  as  to  break  fome  adjacent  plates, 
too’  thick  and  firong.  Nay,  this  difpofition  to  break,  has  continued  in  fome 
forts  of  glafs  for  feveral  years;  particularly  in  a parcel  that  had  lain  by  for 
above  four  years  ; which  when  the  mafter  of  a glafs-houfe  came,  as  he  told 
me,  at  length  to  open,  and  range  in  order,  a fourth,  or  a.  third  part  of  the 
whole  number,  foon  after  crack’d  fpontaneoufly.  Now  whether  we  folve 
thefe  phenomena  on  the  atomical  or  Cartefian  hypothefis,  there  will  ap- 
pear to  be  an  inteftine  motion  in  glafs ; which  being  eafily  made  electrical 
by  friction,  and  as  eafily  crack’d  by  applying  a hot  iron  firft,  and  then  cold 
water  to  a part  of  it,  farther  confirms  this  dodtrine.  Glafs,  alio,  fwells  con- 
fiderably,  or  alters  its  figure  after  ’tis  blown,  and  feems  to  be  fufficiently 
cooled.  For  when  white  glafles  are  blown  into  a mould,  they  cannot, 
when  cold,  be  put  again  into  the  fame  ; and  require  the  cells  of  guard- 
vials  to  be  larger  than  the  mould.  From  the  whole,  I will  not  poiitively 
infer,  there  is  no  fuch  thing  as  abfolute  reft  in  nature,  but,  probably, 
there  is  not ; fince  we  have  not  found  it  in  thofe  bodies,  where  it  might, 
with  reafon,  be  the  moft.expedted. 
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CONSIDERATIONS 

UPON  THE 

NATURAL 

AND 

PRETER-NATURAL  STATES 

BODIES, 

Efpecially  the  A I R. 


common 
notion  of  the 
natural  and 
preternatu- 
ral fates  of 
bodies,  oh- 
fcure , unjufl , 
and  liable  to 
be  mif applied. 


THE  famous  didin£tion  between  the  natural  and  prefer- natural 
or  violent  date  of  bodies,  as  well  inanimate  as  animate,  has 
been  univerfally  admitted  *,  and  hypothefes  and  reafonings  are 
daily,  without  the  lead  fcruple,  founded  upon  it,  as  if  it  were  mod  cer- 
tain, that  nature  had  purpofely  framed  bodies  in  a determinate  date,  and 
were  always  watchful  that  they  fhould  not  by  any  external  violence  be  put 
out  of  it. 

But  notwithdanding  fo  general  a confent  in  this  point,  I confefs,  I can- 
not yet  be  fatisfied  about  it,  in  the  fenfe  wherein  it  is  ufually  taken.  ’Tis 
not  that  I believe,  there  is  no  fenfe  wherein  a body  may  be  faid  to  be  in  its 
natural  date  *,  but  that  I think  the  common  didindtion  of  a natural  and 
violent  date  of  bodies  has  not  been  clearly  explained,  and  confiderately 
fettled  *,  and  that  it  is  not  only  ill  grounded,  but  oftentimes  ill  applied. 
For,  fince  whatever  date  a body  is  put  into,  or  kept  in,  it  obtains  or  re- 
tains that  date,  according  to  the  univerfal  laws  of  nature  *,  in  this  fenfe, 
the  body  propos’d  mud  be  in  a natural  date : but,  upon  the  fame  ground* 
’twill  be  hard  to  deny,  that  thofe  bodies  which  are  faid  to  be  in  a violent 
date,  may,  alfo,  be  in  a natural  one ; fince  the  violence,  they  are  prefumed 
to  differ  from  external  agents,  is,  likewife,  exercifed  no  otherwife  than  ac- 
cording to  the  edablilhed  general  laws  of  nature.  ’Tis  true,  when  men 
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look  upon  a body  as  in  a preter-natural  ftate*  they  have  an  idea  of  itciif-  Physics. 
ferent  from  that  which  they  had  whilft  they  believ’d  it  to  be  in  a natural 
one  : but  perhaps  this  difference  ariles  chiefly  from  hence,  that  they  do 
not  confider  the  condition  of  the  body,  as  it  refults  from  the  univerfal 
laws  fettled  among  things,  and  relates  to  the  univerfe  •,  but  eflimate  it 
with  regard  to  what  they  fuppofc  is  convenient  or  inconvenient  for  the 
particular  body  it  felf.  However,  it  feems  to  me,  that  the  determining 
a body  to  be  in  a natural  or  preter-natural  ftate  has  much  more  in  it, 
either  of  cafual,  or  arbitrary,  or  both,  than  they  are  aware  of.  For, 
we  often  think  a body  to  be  brought  into  a violent  ftate,  not  be- 
caufe  the  former  was  really  lefs  fo,  but  becaufe  there  is  a notable 
change  made  in  it,  by  fome  agent,  which  we  alfo  take  notice  of  ^ 
whereas,  before  the  a£tion  of  that  agent,  if  the  body  were  under  any 
violence,  ’twas  exercis’d  by  ufual,  but  unobvious  agents  •,  tho’  per- 
haps, their  adtion  were  not  lefs,  but  difregarded  more.  And  fome- 
times,  alfo,  no  more  is  to  be  underftood  by  a body’s  being  forc’d  from 
its  natural  ftate,  than  that  it  has  loft  what  it  had  immediately,  or  a 
confiderable  time,  before  fome  notable  change. 

Now,  matter  being  deftitute  of  fenfe  and  appetite,  cannot  be  truly 
and  properly  faid  to  affedf  one  ftate  and  condition  more  than  ano- 
ther •,  and  confequently  has  no  true  defire  to  continue  in  any  ftate, 
or  to  recover  it  when  once  loft  : and  inanimate  bodies  are  in  their 
ftate,  not  as  the  material  parts  they  conftft  of  chofe  or  defired  to  make 
them,  but  as  the  natural  agents  which  brought  together  and  rang’d 
thofe  parts,  adtually  made  them.  Thus,  a piece  of  wax  is  unconcer- 
ned, whether  you  give  it  the  fhape  of  a fphere  or  a cone  ; and  whether, 
when  it  has  that  form,  you  change  it  into  any  other  ; the  matter  ftill 
retaining,  without  willingnefs  or  unwillingnefs,  becaufe  without  percep- 
tion, that  figure  or  ftate  which  the  laft  action  of  the  agent  determi- 
ned it  to,  and  let  in. 

The  moft  ufual  inftance  produced  to  fliew,  that  a ftate  is  natural  Whether  wa- 
to  a body,  and  that  being  put  out  of  it,  by  external  caufes,  it  will,  ^ as 

upon  the  ceflation  of  their  violence,  be  reftored  thereto,  is,  that  wa-  thaw  dice,  as 

ter  being  heated  by  the  fire,  returns  to  its  native  coldnefs,  as  foon  as ice  frozen 
that  adventitious  heat  vanifhes ; and  fo  when,  by  an  excefs  of  cold,  it  'w<iter' 

is  congeal’d  into  ice,  it,  upon  a thaw,  lofes  that  preter-natural  hard- 

nefs,  and  rccdvers  the  fluidity  naturally  belonging  to  it  : and  the  fame 
may  be,  likewife,  faid  of  butter,  which,  being  melted  by  external  heat 
into  a liquor,  does,  upon  the  ceflation  of  that  heat,  grow  a confident 
body  again.  But  as  to  the  coldnefs  whereto  water  heated  by  the 
fire,  returns  when  ’tis  remov’d  thence,  it  may  be  faid,  that  the  ac- 
quired heat  confiding  but  in  the  various  heat  and  brifk  agitation  of  the 
corpufcles  of  the  water  by  an  external  agent,  it  is  no  wonder,  when 
the  agent  ceafes  to  operate,  that  the  efifedt  of  its  operation  fhould 
ceafe  too,  and  the  water  be  left  in  its  former  condition  ; whether  we 
fuppofe  it  to  have  been  heated  by  the  adtual  pervafion  of  the  cor- 
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pufcles  of  the  fire,  which  by  degrees  fly  away  into  the  air;  or  that 
the  heat  proceeds  from  an  agitation  imparted  by  the  fire  to  the  a- 
qtieous  corpufdes,  which  mud,  by  degrees,,  lofe  that  new  agitation,  by 
gradually  communicating  it  to  the  contiguous  air  and  veflels  ; fo 
that,  if  the  former  agitation  of  the  particles  of  the  water  were,  as 
is  ufuai,  much  more  languid  than  that  of  our  organs  of  feeling,  in 
which  faintnefs  of  motion,  the  coldnefs  of  the  water  confided,  there  will 
be  no  need  of  any  pofitive  internal  form,  or  any  care  of  nature  to  ac- 
count for  the  waters  growing  cold  again.  This  may  be  confirmed  by 
confidering  what  happens  to  ice,.,  which  is  faid  to  be  water  brought 
into  a preter-natural  date  by  an  excels  of  cold.  For,  I doubt,  ’twill 
not  be  eafily  demondrated,  that,  with  regard  to  the  nature  of  things,, 
and  not  to  our  arbitrary  ideas  of  them,  ice  is  water  preter-naturally 
harden’d  by  cold,  and  water  not  ice  preter-naturally  thaw’d  by  heat. 
For  if  you  urge,  that  ice,  left  to  it  felf,  will,  when  the  frigorific 
agents  are  removed,  return  to  water  ; I anfwer,  that,  not  to  mention 
the  fnow  and  ice  that  lie  all  the  dimmer  long  unthawed  upon  the 
tops  of  the  Alps  and  other  high  mountains,  I have  learn’d,  by  in- 
quiry, purpofely  made,  from  a phyfician,.  who  for  feveral  years  prac- 
tifed  in  Mufcovy , that  in  fome  parts  of  Siberia , the  furface  of  the 
ground  continues  more  months  of  the  year  frozen,  by  what  is  call’d 
the  natural  temperature  of  the  climate,  than  thaw’d  by  the  heat  of 
the  fun ; and  that  a little  beneath  the  furface  of  the  ground,  the  wa- 
ter, which  chances  to  be  lodged  in  the  cavities  of  the  foil,  continues 
frozen  all  the  year  ; fo  that,  when  in  the  heat  of  fummer  the  fields 
are  cover’d  with  corn,  if  you  dig  a foot  or  two  deep,  you  fhall 
eafily  find  ice  and  a frozen  foil  : whence  a man  born  and  bred  in 
the  in-land  part  of  that  country,  and  inform’d  only  by  his  own 
obfervation,  may  probably  look  upon  water  as  ice  violently  melted 
by  the  fun,  whofe  heat  is  there  fo  vehement,  as  to  ripen  the  har- 
ved  in  lefs  time  than  in  our  temperate  climates,,  will  be  eafily  cre- 
dited. 

On  the  other  fide,  we  in  England  look  upon  melted  butter,  as  brought 
into  a violent  date  by  the  operation  of  the  fire  ; and  therefore  think 
that,  when  being  remov’d  from  the  fire,  it  becomes  a confident  body 
again,  it  has  but  recover’d  its  native  ccmditution.  But  there  are  fe- 
veral parts  of  the  Eaft-Indies , and,  I doubt  not,  of  other  hot  coun- 
tries, where  the  Inhabitants,  if  they  fhould  fee  confident  butter,  (as 
fometimes  by  the  care  and  indudry  of  the  Europeans  they  may  do) 
they  would  think  it  brought  to  a preter-natural  date,  by  fome  artifi- 
cial way  of  refrigeration.  For  in  thofe  parts  of  the  Indies  I fpeak  of, 
the  condant  temper  of  the  air  being  able  to  entertain  as  much  agi- 
tation as  fuffices  for  fluidity  in  the  parts  of  what,  in  our  climate, 
would  be  butter,  it  were  in  vain  to  expedt,  that,  by  being  there  left 
to  it  felf  in  the  air,  it  fhould  become  a confident  body.  And  I have 

learn’d. 
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J earn’d,  by  diligent  inquiry  of  fea-men  and  travellers,  both  Englijh  and  Physics. 
others,  who  were  eye-witneffes  of  what  they  told  me,  that,  in  feve-  L/TV 
ral  parts  of  thofe  hot  regions,  butter,  uiilcfs  by  the  Europeans , or  their 
difciples,  purpofely  made  in  the  cold,  remains  fluid  all  the  year  long, 
and  is  fold,  or  clifpens’d,  not  as  confident  bodies  by  weight,  but  as* 

liquors,  by  meafure.  To  drengthen  this  obfervation,  I ffiall  add,  that 

a learned  man,  who  pra&is’d  phyfic  in  the  warmer  parts  of  America , 
affirmed  to  me,  that  he  met,  in  fome  places,  with  feveral  drugs,  which, 
tho’  they  there  feem  to  be  balfams,  as  turpentine,  &c.  are  with  us, 
and  retain’d  that  confidence  in  thofe  climates  *,  yet  when  they  come 
into  our  colder  regions,  harden  into  gums,  and  continue  fuch  both 
winter  and  fumia-i*.  On  the  other  hand,  inquiring  of  a traveller,  vers’d 
in  phyfical  affairs,  about  die  effe&s  of  great  heat  in  the  in -land  part 
of  Africa , where  he  had  lately  been  ; he  told  me,  among  other  things, 
that  rofin  of  Jalap , which,  when  he  carried  it  out  of  England , was  of 

a confidence  not  only  dry,  but  brittle,  did,  when,  and  a while  before 

he  came  to  Morocco , melt  into  a fubdance  like  turpentine  ; fo  that 
fome  of  it  which  he  had  made  up  into  pills,  would  no  longer  re- 
tain that  diape,  but  remain  as  it  were  melted  all  the  while  he  dayed 
in  the  neighbouring  country,  tho’  when  he  came  back  to  the  borders 
of  Spain , it  return’d  to  its  former  confidence.  And  having  my  felf  confi- 
der’d  fome  parcels  of  gum  Lacca , newly  brought  affiore  from  the  Eaft- 
Indies  *,  tho’  it  be  a hard  and  folid  gum,  yet  I found  by  feveral  in- 
dances, that,  in  paffing  thro’  the  torrid  zone,  various  pieces  of  it,  not- 
withstanding the  fhelter  afforded  it  by  the  great  fhip  it  came  in,  had 
been,  by  the  heat  of  the  climate,  melted,  and  made  to  dick  toge- 
ther •,  tho’  afterwards  they  regain’d  their  former  confidence,  but  not 
altogether  their  former  colour.  And  I learn’d  from  a particular  ac- 
quaintance of  mine,  who  brought  me  feveral  rarities  out  of  America , 
that,  having  at  the  place  where  ’twas  made,  among  other  things 
furnidied  himfelf  with  a quantity  of  the  bed  aloes,  he  obferved  it  to 
be,  whild  he  fail’d  thro’  very  hot  climates,  fo  foft,  that,  like  liquid 
pitch,  it  would  often  have  fallen  out  of  the  wide-mouth’d  veffel 
wherein  he  kept  it,  if  he  had  not,  from  time  to  time,  been  careful  to 
prevent  it  : but  when  he  came  within  a hundred  leagues  of  the  coad 
of  England , it.grew  hard,  and  fo  continued  ; tho’  this  were  in  a very 
warm  feafon  of  the  year,  being  about  the  dog-days. 

And  as  to  that  mod  obvious  body,  the  air,  or  atmofphere,  where-  Whether  the 
in  we  live  and  breathe,  tho’  feveral  opinions  and  arguments  are  foun-  atmofP^ere  he 
ded  upon  what  authors  call  it3  natural  and  preter-natural,  or  violent  dat  a violent* 
yet  he  who  confiders,  will  find  it  no  eafy  thing  to  determine  what jiate. 
date  of  the  -air  ought  to  be  reputed  its  truly  natural  date,  unlefs  in 
my  fenfe  of  that  expreffion.  I will  not  infid  on  the  heat  and  coldnefs  of 
the  air  *,  for  thofe  being  manifedly  very  different  in  the  depth  of  win- 
ter, and  in 'die  heat  of  fummer,  and  in  differing  regions  of  the  air,  as 
at  the  top  and  bottom  of  high  mountains,  at  the  fame  time,  and  con- 
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Physics,  itantly  in  different  regions  of  the  earth,  as  in  Barbary  and  Greenland  \ 

5 twill  not  be  fo  eafy  to  determine,  what  is  its  natural  (late  : but  that 
only  which  I fhall  now  confider,  is  its  ftate  or  tone  in  refped  of  ra- 
rity, and  denfity.  For,  fince  the  air  is  fuppofed  to  be  condenfed  by 

cold,  and  expanded  by  heat,  I demand,  at  what  time  of  the  year, 
and  in  what  country,  the  air  fhall  be  reputed  to  be  in  its  natural 
ftate  ? If  you  name  any  one  time,  as  the  winter,  or  the  fummer, 

I afk,  why  that  muft  be  the  ftandard  of  the  tone  of  the  air,  rather 
than  another  feafon,  or  at  leaft  exclufive  of  all  others  ? The  like 
difficulty  will  alfo  arife  about  the  climate  or  the  place.  And  thefe 
fcruples  are  the  more  allowable,  becaufe  learned  men  have  deliver’d, 
that  in  fome  countries  the  mercury  in  the  'Torricellian  experiment,  is 
kept  higher  than  in  others,  (as  in  Sweden  than  in  Italy  *,)  and  our  baro- 
meters inform  us,  that  often  in  the  fame  place  and  day,  the  quick-fil- 

'ver  in  the  fame  inftrument  confiderably  varies  its  height  *,  which  ffiews, 
that  the  air  or  atmofphere  mull  neceffarily  vary  its  weight,  and  therefore 
probably  its  degree  of  rarity  or  denfity. 

But  I have  a further  confideration  to  propofe  in  this  affair : for,  what 
if  it  fhall  appear,  that  neither  in  winter  nor  in  fummer,  in  Sweden  or 
in  Italy ^ or  in  whatever  country,  region,  or  feafon  you  pleafe,  the  air 
we  breathe  is  in  any  other  than  a preter-natural  ftate  ; nay,  that 
even  when  we  have  vehemently  agitated  and  expanded  it,  by  an  in- 
tenfe  fire,  it  is  not  yet  violently  Tariffed,  but  violently  crouded  •,  un- 
lefs,  in  the  fenfe  above-mention’d,  we  underftand  the  preter-natural  ftate 
of  ratification  in  the  air  with  refpedl  to  the  tone  it  had  before  the  laft 
notable  change  was  produc’d  in  it  ? This  will,  I queftion  not,  feem 
a furprizing  paradox  : but  yet,  to  make  it  probable,  we  need  on- 
ly refledl  upon  two  or  three  air-pump  experiments  ; whereby  it  ap- 
pears, firft,  that  the  air  being  a body  abounding  with  fpringy  parti- 
cles, not  deftitute  of  gravity,  the  inferior  muft  be  comprefs’d  by  the 
weight  of  all  the  incumbent  : and  next,  that  this  compreffion  is  fo 
great,  that  tho’  by  the  heat  of  the  fire  we  could  not  bring  a por- 
tion of  included  air  to  be  expanded  to  above  fourfcore  times  its  for- 
mer dimenfions  j yet  without  heat,  by  barely  taking  off  the  preffure 
of  the  fuperior  air,  by  the  help  of  our  pneumatical  engine,  it 
was  rarified  more  than  twice  as  much  : and  I have,  more  than  once, 
rarified  it  into  above  five  hundred  times  its  ufual  fpace  ; fo  that  if, 
according  to  what  is  generally  allow’d  and  taught,  a body  be  then 
in  a preter-natural  ftate,  when  by  an  external  force  it  is  kept  in  a 
condition  from  which  it  inceffantly  tends  to  get  free  ; and  if  it  be 
then  moft  near  its  natural  ftate,  when  it  has  the  mod  profperoufiy 
endeavoured  to  free  it  felf  from  external  force,  and  comply  with  its 
never-ceafing  tendency  *,  if  this  be  fo,  I fay,  then  the  air  we  live  in 
is  conftantly  in  a preter-natural  ftate  of  compreffion  by  external  force. 
And  when  it  is  moft  of  all  rarified  by  the  fire,  or  by  our  engine, 
its  fprings  have  far  more  conveniency  than  before  to  difplay  them- 

“ felves, 
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felves,  which  they  continually  tend  to  do,  it  anfwerably  approaches  Physics. 
to  its  natural  Hate,  which  is  to  be  yet  lefs  comprdTed,  or  not  at  all. 

And  I have  carefully  try’d,  for  many  months  together,  that,  when 
the  air  has  been  rarified  much  more  than  even  a vehement  heat  will 
bring  it  to  be,  yet,  if  it  were  fenc’d  from  the  preflu  re  of  the  exter- 
nal air,  it  would  not  flirink  to  its  former  dimenfions : as  if  it  had 

been  put  into  a violent  (late,  from  whence  nature  would  reduce 
it  •,  but  it  continued  in  that  great  and  feemingly  preter-natural  de- 
gree of  extenflon,  as  long  as  I had  occaflon  to  obferve  it.  We  might 
here  fliew,  that  this  odd  conftitution  of  the  air  is  fo  expedient,  if 
not  neceftary.  for  the  motion,  refpiration,  and  other  ufes  of  animals, 
and,  in  particular,  of  men,  that  the  providence  and  goodnefs  of  the 
wife  author  of  the  univerfe  is  thereby  fignally  declared.  But  we 
are  not  here  to  employ  Anal  caufes.  From  the  whole  we  may  learn 
two  coniiderable  things.  And  firft,  from  what  was  faid'  of  the  air, 
the  natural  (Lite  of  a body  may,  fometirnes,  be  allow’d  to  be  not 

that  " hich  it  really  has  a tendency  to  attain,  but  that  whereto  it  is 

brought,  and  wherein  it  is  kept  by  the  a&ion  or  refiftance  of  neigh- 
bouring bodies,  or  by  luch  a concourfe  of  agents  and  caufes  as  will 
not  fuffer  it  to  pafs  into  another  ftate.  And  fecondly,  we  may  hence 
learn,  that,  whatever  be  faid  of  nature’s  never  milling  her  aim,  and 
that  nothing  violent  is  durable ; yet,  bating  an  inconliderable  porti- 
on of  aerial  particles  at  the  upper  furface  ; for  aught  we  know,  the 
whole  mafs  of  the  air  we  live  in,  and  which  furrounds  the  terra- 
queous globe,  has  been  from  the  beginning,  and  will  to  the  end  of  the 
world,  be  kept  in  a ftate  of  violent  compreflion. 
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UNREGARDED  MOTIONS. 


HOW  fuperficially  foever  the  local  motion  of  bodies  is  treated 
of  by  the  fchools,  who  afcribe  almoft  all  ftrange  things  to  fub- 
ftantial  forms  * **,  we,  who  endeavour  to  relolve  the  phenomena 
of  natbre  into  matter,  and  motion,  guided  according  to  fettled  laws, 
muft  duly  obferve  its  operations.  And  tho’  mathematicians  and  phi- 
lofophers  have,  of  late,  applied  themfelves  to  confider  the  nature  and 
laws  of  motion,  yet  the  fubjecft  can  never  be  too  much  cultivated, 
and  fome  parts  of  it  have  fcarce  hitherto  been  touch’d  upon  *. 

But, 


* The  laws  of  motion,  and  collifion,  both 
in  elaftic  and  unelaftic  bodies,  in  all  kinds 
of  mediums,  and  in  all  poftible  cafes,  are 
demonftrated  by  the  geometricians  of  the  laft 
and  the  prefent  age  ; as  particularly  by 
Dr.  Wallis , Sir  Chr.  Wren , M.  Huygens , M. 
Varignon , the  Bernoulli' s,  Dr.  Keil,  and  a- 
bove  all,  by  the  great  Sir  Ifaac  Newton, 
whofe  three  axioms,  or  grand  laws  of  mo- 
tion, for  their  extreme  ufefulnefs  in  philo- 
fophy,  we  fhall  here  fet  down,  as  they  are 
deliver’d  'by  the  incomparable  author  him- 
felf. 

i.  “ All  bodies  will  for  ever  remain  in 
“ their  date  either  of  reft  or  uniform  rec- 
C(  tilinear  motion,  unlefs  compelled  to  change 
u either  ftate  by  fome  force  imprefs’d  upon 

* * them. 

*'  Projettils  continue  in  their  motions,  ba- 
#<  ting  for  the  refiftance  of  the  air,  and  the 
**  force  of  gravity,  whereby  they  are  impell’d 


**  downwards.  A top,  whofe  parts,  by  rea- 
“ fon  of  their  co’nefion,  constantly  turning, 
“ form  a re&ilinear  motion,  wou’d  fpin  till 
“ it  is  ftop'd  by  the  refiftance  of  the  air  : 
“ but  the  vaft  bodies  of  the  planets  and  co- 
“ mets  longer  preferve  their  progreflive  cir- 
“ cular  motions,  in  fpaces  where  they  £nd 
“ lefs  refiftance. 

2.  Every  change  of  motion  muft  be  pro- 
“ portional  to  the  moving  force  impreis’d  ; 
“ and  happen  in  the  fame  ftrait  line  where - 
<(  in  that  force  is  directed. 

“ If  a certain  force  produces  a certain  mo- 
“ tion  ; twice  that  force  will  produce  double 
“ that  motion  i and  thrice  that  force  treble 
“ that  motion  ; whether  it  be  imprefs’d  all 
*{  at  once,  or  by  fuccelfive  degrees.  And 
u this  motion,  having  always  the  fame  di- 
“ reftion  with  the  power  that  caufes  it, 
“ muft,  if  the  body  were  before  moving  the 
“ fame  way  therewith,  be  added  to  the 

motion 
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But,  before  I enter  upon  particulars,  I muft  premife  in  general,  that  Physics, 
we  are  not  to  look  upon  the  bodies,  wherewith  we  are  concern’d,  as  \yy\j 
fo  many  lumps  of  matter,  which  differ  only  in  bulk  and  fhape,  or 
that  ad:  upon  one  another  merely  by  their  own  diftiruft  and  par- 
ticular powers;  but  as  having  peculiar  and  different  internal  textures, 
as  well  as  external  figures  ; on  account  of  which,  many  of  them  muft 
be  confidered  as  engines,  fo  framed,  and  placed  among  other  bodies, 
that  fometimes  agents,  of  themfelves  invalid,  may  have  notable  ope- 
rations upon  them ; . becaufe  a great  part  of  the  effed:  is  due  to  tht 
adion  of  one  part  of  the  body  it  felf  upon  another  f.  And  there 
are,  perhaps,  more  accounts,  than  we  have  yet  thought  of,  upon 
which  local  motion  may  perform  confiderable  things  and  therefore 
I would  not  be  underftood  to  exclude  the  reft,  tho’  I fhou’d  here- 
after take  notice  but  of  a few  of  thefe  accounts.  Now  amongft  the 
feveral  things,  upon  account  whereof  we  ufually  overlook,  or  under- 


“ motion  of  that  body  ; if  a contrary  way, 
“ be  fubftraCted  from  it  ; if  imprefs’d  ob- 
“ liquely,  it  mail  be  added  obliquely  ; 
“ and  fo  be  compounded  with  it,  according 
to  the  direction  of  both  motions. 

3.  “ Re- aCtion  is  ever  contrary  to  and 
**  eq  lal  with  action  ; or  in  other  words, 
44  the  aCtion  of  two  bodies  upon  one  ano- 
4t  ther  are  always  equal,  but  in  contrary  di- 
reCtionc. 

4‘  Whatever  prefies  or  draws  a body,  is 
it  felf  equally  prefied  or  drawn  by  that  bo- 
“ dy.  Upon  prefiing  a done  with  the  fin- 
44  ger,  the  finger  is  prefs’d  by  the  llone. 

“ When  a horfe  draws  a done  by  means 

of  a cord  fatten’d  thereto,  .the  horfe,  if 
f<  I may  ufe  the  expreflion,  is  equally  drawn 
41  back  to  the  ftone ; for  the  cord  being  e- 
44  qually  ftretch’d  both  ways,  will  by  the 
“ lame  endeavour  to  relax  it  felf,  force  as 
•*  well  the  horfe  towards  the  ttoce,  as  the  ftone 
4‘  towards  the  horfe  ; and  hinder  the  one  from’ 
4‘  advancing  forwards,  as  much  as  it  retards 
44  the  other.  If  one  body  ftrikes  againtt 
“ another,  and  by  its  force  changes,  in  any 

44  manner,  the  motion  of-'  that  other;  the 

“ firtt  body  will,  likewife,  fuffer  the  fame 
44  change  of  motion,  but  in  a direction  con- 
41  trary  to  the  force  of  the  latter;  becaufe 
“ the  preflure  in.. this  cafe  is  mutual.  Now 
44  in  fuch  aCtions  as  thefe,  there  happens 
“ an  equal  change,  not  of  the  velocities, 
4i  but  of  the  motions  of  the  bodies  concer- 


ned  ; I mean,  if  thofe  bodies  are  not 
“ otherwife  hinder’d.  For  the  changes  of 
“ velocities,  which,  in  like  manner,  hap- 
11  pen  in  contrary  directions,  mutt  fince,  the 
“ motions  are  equally  changed,  be  recipro- 
“ cally  proportional  to  the  bodies.  And 
“ this  law  holds  good  in  attraction.” 

Many  excellent  corollaries  flow  from  thefe 
laws.  As  a fpecimen,  take  the  following, ... 
which  is  demonftrated  from  them  by  the  au- 
thor himfelf,  and  made  great  ufe  of  in  his 
philofophy. 

“ A body,  moving  with  a compound  force, 
will  delcribe  the  diagonal  of  a parallelo- 
“ gram,  in  the  fame  time  that  it  wou’d 
“ the  fides  thereof,  if  that  force  were  di- 
“ vided.”  From  hence  the  effeCts  of  all 
the  mechanical  powers  are  eafily  demon- 
ftrated ; hence  all  compound  motions  are  re- 
folvable  into  Ample  ones;  and  hence  Sir- 
Ifaac  has  proved,  that  the  planets  move  in  > 
fix’d  plains,  and  deferibe  areas  about  the  fun, 
proportional  to  the  times.  See  Newton.  Pi'in- 
ci$  p.  12,  13,  34,  375. 

j M.  Homberg  tells  us,  that  the  Ample  mo- 
tion of  a mill  turn’d  a bottle  of  wine,  which 
was-  fix’d  to  it,  into  excellent  vinegar,  in 
three  days  time  ; and  that,  by  the  fame  means, 
he  had  from  a pound  of  quick  filver,  in 
three  months  time,  four  or  five  ounces  of  a 
blackifh  powder.  Hi  ft.  de  l' Acad.  A.  lycc. 
p.  14. 
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The  great  effi- 
cacy cf  celerity 
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value  the  efficacy  of  local  motions,  the  chief  are  referable  to  the  fol- 
lowing obfervations. 

i.  We  are  fetdom  aware  of  the  great  efficacy  of  celerity  in  fmall  bodies , 
and  efpecially  if  they  move  but  thro ’ a fmall  fpace*.  What  rapid  motion 
can  do,  may  be  judged  by  the  powerful  effects  of  bullets,  fhot  out  of 
our  common  cannons,  in  comparifon  of  the  vaft  and  unwieldy  batter- 
ing-rams of  the  ancients.  Other  examples  of  a like  nature  might  be 
alledg’d  ; but  the  latter  part  of  the  proportion  is  what  I am  moil 
concern’d  to  prove. 

Having  fometimes  caufed  anA  oblong  piece  of  iron  or  fteel  to  be 
turned,  and  placing  my  naked  hand,  at  a convenient  diftance,  to  re- 
ceive the  little  fragments  as  they  flew  off  from  the  rod  ; they  were 
fo  intenfely  heated,  by  the  quick  action  of  the  tool  upon  them,  that 
they  feem’d  almoff  like  fo  many  fparks  of  fire.  And  an  expert  work- 
man in  brafs  affured  me,  that  the  heat  in  the  little  fragments  thrown 
off,  when  he  turn’d  that  metal,  was  fometimes  very  offenfive  to  his 
eyes  j and  that  when  he  employ’d  a rough  tool,  which  took  off  greater 
chips,  he  had  found  the  heat  fo  vehement,  as  not  only  to  fcorch  his 
eye-lids,  but  the  hard  fkin  of  his  hands  ; for  proof  whereof,  he  ffiew- 
ed  me  a little  bliffer,  which  had  been  fo  railed.  And  I learn’d  from 
a famous  artift,  employ’d  about  the  finiffiing  of  caff  ordnance,  that 
when  with  a ftrong  peculiar  engine,  he  and  his  affociates  turn’d  great  guns, 
to  bring  the  furface  to  a fmoothnefs,  the  tools  would  fometimes  throw 
off  bits  of  metal,  fo  heated,  as  to  burn  the  fingers  of  thole  who  ven- 
tured to  touch  them.  An  experienced  artificer  alfo,  affured  me,  that  tur- 
ning in  brafs,  the  little  fragments  acquired  an  intenfer  heat,  than 
thole  of  iron.  And  caufi  g an  artificer  very  brifkly  to  turn  a piece 
of  ordinary  wood,  whiiff  I held  my  hand  not  far  from  it,  the  chips 
which  flew  off,  ftruck  it  in  many  places,  with  that  brifknefs,  that 
’twas  with  pain  I endur’d  the  heat,  they  produced.  It  is  farther  confi- 
derable  to  our  prefent  purpcfe,  that  by  an  almoff  momentary  percufii- 
on,  wdth  no  great  force,  the  parts  even  of  a vegetable,  may  not  only  be 
intenfely  heated,  but  brought  to  adtual  fire  ; as  we  have  tried  by  the 
ftriking  a good  cane  with  a fteel,  or  the  back  of  a knife  •,  for  upon  this 
collifion,  it  would  yield  fparks  like  a flint.  So,  likewife,  by  fcraping  good 
loaf-fugar  with  a knife,  numerous  lparks  will  be  produced  ; but  upon  the 
collifion  of  a flint  and  fteel,  cot  only  fire,  but  even,  vitrification, 
which  the  chy miffs  efteem  t be  the  ultimate  adtion  of  fire,  is  in- 
ftantaneoufly  produced  ; for  the  fparks  which  here  fly  off,  are  ufually 
real  and  permanent  pare' 1 r ftone,  vitrified  by  the  vehemence  of  the 
motion.  And  that  th;  rification  may  be  of  the  ftone  it  felf,  tho’ 


* ’Tis  an  axiom, 
of  motion,  that  any 
ver,  will  move  the 


or  . mowledged  law 
body,  how  fmall  foe- 
largeft,  by  impinging 


with  the  leaft  aflignable 
for,  as  we  juft  now  .aw, 
are  equal. 


velocity,  upon  it  j 
afnon  and  re- action 

fteel. 
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fteel  is  a metal  of  a far  more  fufible  nature,  I am  induced  to  think,  Physics. 
becaufe  flints  will,  by  collifion,  ftrike  fire  with  one  another:  the  like 
alfo  may  be  done  with  rock-cryftal,  and  even  with  diamonds,  on  the 
mill  whereby  they  are  cut  ; tho’  fire  is  not  allow’d  to  fufe  them. 

Nor  are  fluid  bodies,  tho*  but  of  fmall  dimenfions,  to  be  excluded 
From  the  power  of  making  confiderable  imprefiions  on  folids  •,  if  their 
celerity  be  great.  Whether  the  fun-beams  conflft  of  very  minute  cor- 
pufcles,  which  continually  iflTuing  out  of  the  fun’s  body,  iwiftly  impel 
one  another  forwards  in  ftrait  lines  ; or  whether  thofe  beams  are  made 
by  the  brifk  a&ion  of  the  luminary  upon  the  contiguous  fluid,  and  pro- 
pagated every  way  in  ftrait  lines,  thro’  fome  ethereal  matter  harboured 
in  the  pores  of  the  air ; it  will  be  agreeable  to  either  hypothefis, 
that  being  refradted  or  reflected,  by  a burning  glafs  to  a focus,  they 
by  their  concourfe,  compofe  a fmall  portion  of  fluid  matter,  lo  vio- 
lently agitated,  as  to  kindle  green  wood  in  lefs  than  a minute,  and 
to  melt  not  only  tin  and  lead,  thinly  beaten,  but  leaf-filver  and 
gold  *. 

The  operation  of  fmall  portions  of  fluid  matter  on  folid  bodies 
will  be  exemplified  hereafter;  I fhall  here  only,  in  general,  point 
at  the  great  and  furprizing  effedts  of  lightning.  The  laft  inftance 
of  its  power  within  my  acquaintance  was,  the  melting  of  a me- 
tal by  the  flame,  in  its  paflage,  which  probably  lafted  but  the  twink- 
ling of  an  eye.  And  that  even  a fmall  parcel  of  air  may  communicate 
a confiderable  motion  to  a folid  body,  is  confirmed  by  the  violent 
force  of  a bullet  fhot  out  of  a good  wind-gun  ; which  I found  by 
trial  would  be  flatted,  almoft  into  the  figure  of  an  hemifphere,  by  being 
thus  thrown  againft  a metalline  plate.  And  farther,  to  fhew  what  a 
vehement  agitation  may  be  communicated  to  the  parts  of  a folid  bo- 
dy, by  celerity ; going  to  take  up  this  bullet,  I found  it  too  hot  to  be, 
without  pain,  held  betwixt  my  fingers. 

2.  We  are  too  apt  to  think  that  fluid  bodies  becaufe  of  their  foftnefs^^be  force  of 
cannot , by  their  bare  motion , efpecially  if  infenfible , have  any  fenjible  effect uponfi- 
upon  folids ; tho ’ the  fluid  moves  and  affs  as  an  entire  body.  It  is  not  my  ; /* 
defign  here  to  infift  on  the  efficacy  of  fuch  fluids  as  may  have  their 
motions  difcovered  by  the  eye,  as  flowing  water  ; or  perceived  by 
the  touch,  as  winds  ; but  of  fuch  only,  as  we  do  not  immediately  fee  or 
feel. 


* M.  Villette  lately  exhibited  a burning 
concave  forty -feven  inches  wide,  and  ground 
to  a fphere  of  fuch  a radius,  that  its  focus 
was  about  thirty-eight  inches  from  the  ver 
tex  of  the  glafs.  The  metal  of  it  was  i 
mixture  of  copper,  tin,  and  tin-glafs.  This 
concave  melted  iron-ore  in  24",  began  t. 
calcine  talc  in  40",  and  as  M.  Villette  faio, 


wou’d  calcine  albedos.  It  melted  a fix- 
pence  in  7"i  and  a half-peny  in  16".  It 
turned  an  emerald  into  a fubftance  like  a 
turquoife-ftone  ; and  diminilh’d  a diamond, 
that  weigh’d  four  grain0,  £ of  its  weight. 
See  Philofoph . Eranfaftt  NQ.  360.  p. 
976. 
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Physics.  It  has  been  frequently  obferved,  that,  upon  the  difcharge  of  ord- 

V/TS^  nance,  not  only  the  found  may  be  diffindlly  lieard  at  a great  diHance ; 

but1  that  the  tremulous  motion  of  the  air,  which  produces  found,  has 
been  able  to  fhake,  and  fometimes  to  break  glafs-windows  afar  off ; 
efpecially,  when  they  Hand  in  the  way,  wherein  the  propagation  of 
the  found  is  dire&ly  made.  And  tho’,  in  fome  inHances,  it  may  be 
urged,  that  fuch  effedls  are  produced  from  the  motion  of  the  earth 
immediately  fhook  in  the  explofion  ; yet  I fee  no  neceffity  here,  of 
having  recourfe  to  any  thing,  but  the  undulating  motion  of  the 
air  ; flnce  the  like  may  be  produced  by  motion  continued  thro’  fluids. 
BorelU^  difcourfmg  of  the  force  of  percufllon,  has  this  remarkable  pafiage. 

44  I was,”  fays  he,  44  at  Tauromenium  in  S icily  ^ when  the  mountain 
44  ALtna  broke  out  near  Enna , a town  diflant  about  thirty  miles  from  ctau- 
44  romenium  \ whilH  the  chafm  fent  out,  now  and  then,  with  great 
44  noife,  fire  and  flame  ; all  the  houfes  were  fenflbly  fhaken  : and  it 
44  was  obferved,  that  fuch  as  looked  diredlly  towards  the  chafm,  were 
44  moil  agitated  *,  thofe  looking  otherwife,  fhaking  more  flowly,”  Up- 
on which  fa6l  he  thus  argues  : 44  Had  this  trembling  been  occafioned 
46  by  the  fhaking  of  the  ground  of  Eauromenium , all  the  houfes  would 
46  have  been  equally  fhaken ; fince  this  inequality  of  motion  could 
44  not  be  afcribed  to  their  different  fituation.  Hence,  then,  we  muff 
44  needs  conclude,  that  the  agitation  was  produced  by  the  impreflion  of 
44  the  air  upon  the  walls  of  the  houfes ; which  demonff  rates  the  great 
44  efficacy  of  a found,  tho*  at  thirty  miles  di fiance.” 

I was  once  invited  by  an  engineer,  to  fee  trial  made  of  an  inffru- 
ment,  which  he  had  contrived  fuddenly  to  fink  a fhip  *,  but  in  the  ex- 
periment, which  was  fuccefsfully  made  upon  an  old  frigate,  the  explo- 
fion was  fo  great,  that  it  raifed  a kind  of  ftorm  in  the  water  round  a- 
bout,  and  fhook  fome  veffels,  that  lay  at  a diflance,  fo  as  to  make 
thofe  who  flood  upon  the  decks  to  flagger.  And  in  the  late  fea- 
fight  between  the  Englijh  and  Dutchy  tho’  the  engagement  happen’d 
very  many  leagues  from  the  Hague  \ yet  the  report  of  the  guns  not 
only  reached  that  place,  but  had  fo  confiderable  an  eflfedl  there,  as  to 
fhake  the  very  windows.  And  if  there  be  a greater  difpofition  in  fome 
other  bodies,  than  there  is  in  glafs  windows,  to  receive  impulfesfrom 
the  air,  they  may  be  fenflbly  wrought  upon  by  the  noife  of  a Angle  piece 
of  ordnance  ; as  appears  by  a remarkable  circumflance  mentioned  by  Si- 
mon Pauli , in  his  treatife  of  malignant  fevers.  He  fays,  that  a Frenchman 
having  his  arm  mortified,  they  were  obliged  to  take  it  off  ; after 
which  operation,  he  lived  eight  days,  very  flrongly  convulfed  ; that 
Handing  with  others  by  his  bed-fide,  once  when  the  great  guns,  where- 
of they  took  no  notice,  were  fired  from  the  king’s  fhips  ; as  every 
one  went  off,  he  clap’d  his  left-hand  to  his  Hump,  and  lamentably 
complain’d  of  pain  there  ; fo  infufferable  was  each  Angle  explouon  to 
him  *,  tho’  the  guns  were  at  a great  diffance,  and  fire  1 not  upon  or  near 
the  land,  but  from  the  fea.  And  the  commander  of  a man  of  war  af- 

fured 
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lured  me,  that  fome  men  on  board  him,  whofe  bones  were  broken.  Physics. 
would  ladly  complain  of  the  torment  they  fuffered  by  the  lhake  of 
the  enemies  cannon  •,  tho’  they  were  too  much  accuftomed  to  the 
report  of  great  guns,  to  be  offended  by  the  bare  noife.  But  if 
any  one  Ihould  here  fugged:,  that  the  water  hath  a fhare  in  this 
communication  ; yet  there  is  one  kind  of  found,  that  mull  be  con- 
fefied  to  be  propagated  by  the  air,  as  being  made  in  it  ; and  that 
is  thunder,  whofe  noife  fometimes  fo  vehemently  affetffs  it,  tho’  with- 
out producing  any  fenfible  wind,  that  I have  obferved  it  to  lhake  large 
ftrong-built  houfes,  notwithftanding  the  didance  of  the  clouds,  where 
the  founds  were  firft  produced.  Some  fea-captains  too,  who  had  failed  to 
the  Indies , told  me  they  have  had  their  fhips  fo  lhocked  with  the  thun- 
der, as  to  dilplace  their  great  guns.  And  as  the  celerity,  where- 

with founds  are  propagated  thro’  the  air,  is  exceeding  great  *,  this 
effedt  is  the  lefs  furprizing.  Merfennus  obferves,  that  a bullet,  Ihot 
out  of  a cannon,  moves  two  hundred  and  forty  yards  in  a fecond  *, 
but  I have  more  than  once  found,  that  founds  pafs  above  four  hun- 
dred yards  in  the  dime  time,  in  England  : tho5  according  to  Merfennus , 
a found  moves  in  that  time,  many  yards  more  in  France  ; which  may 
poffibly  proceed  from  the  different  confidence  of  the  air  in  thofe  two 
places  *. 

The  great  loudnefs  of  thefe  founds,  and  the  vehement  percuffion 
the  air  receives  in  their  formation,  may  make  it  probable,  that  it 
was  only  the  impetuofity  of  the  motion  of  the  medium,  which  gave 
the  fliake  to  the  windows  and  other  folid  bodies,  made  to  tremble 
by  the  report  of  cannon  or  thunder;  whilft,  perhaps,  fome  of  thofe 
tremulous  motions  of  folid  bodies,  might  either  depend  upon,  or  be  pro- 
moted by,  the  peculiar  dilpofition,  that  glafs,  and  other  bodies,  en- 
dowed with  elafticity,  may  have  to  be  moved  by  certain  appropri- 
ate founds,  more  than  they  would  be  by  others  that  were  louder. 

If  this  be  admitted,  it  will  not  render  our  inltances  improper  to  the 
prefent  defign ; but  only  make  fome  of  them  fit  to  be  referred  to 
another  head.  I fhall,  therefore,  conclude  this,  with  an  odd  obferva- 
tion  of  Platerus , which  argues,  that  where  there  is  a peculiar  difpo- 
fition  even  in  a firm  body,  it  may  receive  confiderable  impreffions 
from  fo  languid  a motion  of  the  air,  as  is  not  fenfible  to  other  bo- 
dies of  the  fame  kind. 

“ A woman,”  fays  he,  “ taken  ill  of  a fudden,  continually  complain’d, 

<e  that  fhe  fhould  be  fuffocated,  tho’  no  figns  of  it  appear’d.  This 
“ complaint  of  hers  was  always  the  greateft,  when  any  of  the  by- 
“ ftanders  approached  her,  tho’  ever  fo  gently ; for  fhe  faid,  that 


* The  reverend  Mr.  Derhatn,  from  a variety 
of  accurate  experiments,  concludes  that  founds, 
at  a medium,  move  1142  feet  in  a fecond  ; 
but  that  if  the  wind  favours  them,  ’tis  poflible 

ppp 


they  may  reach  12C0;  or  if  it  be  directly 
contrary,  only  1120  feet  in  that  time.  See 
Philo/,  Tran/  N°.  1 1 3 . p.  2. 
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Physics.  “ Ihe  at  thofe  times  felt  a breath  of  air  come  upon  her,  as  if  fhe 
“ were  inftantly  going  to  be  choaked.  She  hardly  remain’d  in  this 
“ condition  for  two  days,  and  then  died.”  Our  author  adds,  “ I have 
“ known  other  patients  complain  of  the  like  breath  of  air,  being  rea^ 
“ dy  to  ftrangle  them,  when  any  one  came  nigh  them;  and  always 
“ found  it  a very  bad  fign.” 

What  is  want-  g.  We  undervalue  the  motions  of  bodies  too  fmall  to  be  vifible  or  fen - 
^ulkoffome  notwithjlanding  their  numbers , which  enable  them  to  aft  in  fwarms . 

bodies,  ma^de up  Moft  men  think  of  the  effluvia  of  bodies,  and  their  motions,  as 
by  their  num - of  finer  forts  of  duft,  blown  againft  the  furfaces  of  bodies,  and  ftop- 
her-  ped  in  their  progrefs,  without  penetrating  into  the  internal  parts. 

And  according  to  this  notion,  it  is  no  wonder,  they  fhould  have  but 
faint  operations  upon  them.  But  we  fhall  judge  otherwife,  from  con- 
fidering,  that  thefe  corpufcles  are,  by  their  minutenefs  and  figure,  en- 
abled to  pierce  into  the  innermoft  recedes  of  the  bodies  they  invade. 
For  tho’  we  fuppofe  each  fingle  particle  to  be  very  minute  yet 
fince  we  may  imagine  their  numbers  exceedingly  great,  it  need  not 
feem  incredible,  that  they  fhould  have  a confiderable  operation  upon 
others  at  reft,  or  that  have  a motion  too  flow,  to  be  fenfible.  If  we 
turn  up  an  ant-hill,  we  may  fometimes  fee  fuch  an  heap  of  eggs,  as 
a few  of  thofe  infecfts  would  not  be  able  to  draw  after  them  ; but 
if,  in  fwarms,  each  lays  hold  of  her  own  egg,  it  is  furprifing  to  fee, 
how  quickly  the  whole  heap  will  be  removed.  And  in  thole  cafes, 
wherein  the  invading  fluid  does  not  quite  disjoin,  and  carry  off  any 
great  number  of  parts ; its  operation  may  be  illuftrated  by  that  of 
the  wind  upon  a tree  in  autumn,  whilft  it  makes  it  felf  a multitude 
of  winding  paffages  ; bending  fome  of  the  twigs,  breaking  off  part  of  the 
fruit,  and  leaves,  and  varioufly  altering  the  fituation  of  others.  And  fup- 
pofe we  caft  two  lumps,  the  one  of  fugar,  the  other  of  amber,  into 
a glafs  of  water,  they  will  both  prefently  fall  to  the  bottom  ; and, 
tho’  perhaps  the  amber  may  be  lighter  than  the  fugar,  yet  the  aque- 
ous particles  are  far  from  being  able  to  difplace  the  amber,  or  any 
fenfible  part  of  it,  or  to  exercife  any  vifible  operation  upon  it ; but  the 
fame  minute  particles  of  the  liquor,  being  of  a figure,  which  fits 
them  to  infinuate,  every  way,  into  the  pores  of  the  fugar,  tho’  the 
lump  confifted  of  very  numerous  corpufcles-,  yet  the  multitude  of  the 
aqueous  particles  to  which  they  are  acceffible,  is  foon  able  to  difperfe 
them  all ; and  carrying  them  along  with  themfelves,  prefently  render  the 
whole  lump  of  fugar  invifible. 

If,  alfo,  by  a due  degree  of  fire,  we  abftra£t  from  running  mercury 
four  or  five  times  its  weight  of  good  oil  of  vitriol,  there  will  re- 
main at  the  bottom,  a dry  and  brittle  fubftance  exceeding  white ; and 
if  upon  this  heap  of  mercurial  and  faline  bodies,  we  pour  a large 
quantity  of  water,  and  fhake  them  together,  the  multitude  of  little 
white  grains,  which  make  up  the  mafs,  will  be  pervaded,  and  mani- 
feftly  altered,  by  the  difperfed  corpufcles  of  the  water.  But  to  in- 
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fiance  in  fluids ; tho’  it  will  eafily  be  granted,  that  the  flame  of  fpi- 
rit  of  wine,  is  but  a vifible  aggregate  of  fuch  effluvia,  fwiftly  agi- 
tated, as,  without  any  fenfible  heat,  would,  of  themfelves,  inviflbly  ex- 
hale ; yet  if  we  hold  the  blade  of  a knife,  or  a thin  plate  of  copper,  in 
the  flame,  we  fhall  quickly  difcern,  by  the  great  heat  acquired,  what  a 
number  of  corpufcles  mull  have  been  agitated  by  the  fiery  particles ; 
if  we  fuppofe,  what  is  highly  probable,  that  they  materially  pene- 
trated into  the  innermofl  parts  of  the  metal.  But,  whether  we  fup- 
pofe this  or  no,  it  will  appear,  that  fo  yielding  a body  as  the  flame 
of  fpirit  of  wine,  is  able  foon  to  adt  very  powerfully  upon  the  hardefl 
metals.  The  like  power  may  be  farther  eftimated  by  the  motions  of  ani- 
mals ; for  thox  the  animal  fpirits  are  minute  enough  to  pafs  thro5  nerves, 
whofe  channels  Oannot  be  difcerned  ; yet  they  ferve  to  move,  in  various 
manners,  the  limbs  and  unwieldy  bodies  of  the  largefl  creatures.  We 
might  add,  that  in  moift  weather,  the  aqueous  particles,  fwimming  in 
the  air,  will  enter,  in  fuch  great  numbers,  into  the  pores  of  a thick  rope, 
as  to  make  it  contract,  tho’  fufpended  with  a great  weight,  tied  at  the 
end,  to  hinder  it. 

But  as  to  the  determination  of  the  motion  of  fluids,  I obferve, 
that  tho’  the  wind,  blown  out  at  a fmall  bent  tube  of  glafs,  call’d 
a blow-pipe,  feems  not  to  have  any  great  celerity,  in  comparifon  of 
the  parts  of  flame ; and  is  it  felf  of  little  force *,  yet  when  the  flame 
of  a lamp  or  candle  is  directed  by  it,  fo  as  to  beat  upon  a body,  at 
a convenient  diflance,  it  may  be  made  to  melt  filver,  or  even  cop- 
per it  felf*,  which  yet  may  be  kept  for  many  hours  unmelted,  in  a 
red-hot  crucible,  or  the  flame  of  the  lamp  or  candle,  unaflifted  by 
the  blaft.  And  if  we  can  fo  contrive  it,  that  a flame  does  not  only 
touch  the  furface,  but  intermingle  with  the  fmaller  parts  of  a body, 
it  will  then  have  a far  more  powerful  operation.  For  tho’  a pound 
or  two  of  tartar  may  require  fome  hours  to  calcine  it  to  whitenefs, 
if  the  flame  have  immediate  accefs,  only  to  the  outward  parts  ; yet 
it  will  be  calcin’d  in  a very  fmall  part  of  that  time,  if,  mixing  with 
its  grofs  powder,  an  equal  weight  of  good  falt-petre,  the  mixture  be 
fired  and  kept  ftirring,  that  the  parts  of  the  kindled  nitre  may  have 
accefs,  at  once,  to  very  many  parts  ©f  the  tartar.  And  by  a little  ar- 
tifice, nitre  it  felf  may,  without  tartar,  be  fpeedily  reduced  to  a calx, 
not  unlike  the  former.  The  load-ftone  is  acknowledged  to  act  by  the 
emmiffion  of  infenfible  particles.  For  tho’  iron  and  Heel  be  folid  bo- 
dies, and  magnetic  effluvia  corpufcles  fo  very  minute,  as  readily  to  get 
in  at  the  pores  even  of  glafs  itfelf  * yet,  entering  the  Heel  in  fwarms, 
they  may  operate  fo  violently  on  it,  as  to  attract  above  fifty  times 
the  weight  of  the  magnet.  For  to  thefe  I rather  afcribe  magnetical 
attraction  and  fufpenfion,  than  to  the  preflfure  of  the  ambient  air  ; 
becaufe  I have  found  on  trial,  that  fuch  a preflfure  is  not  abfolutely 
necefiary  to  magnetical  operations.  And  farther,  as  to  the  power  of 
magnetical  effluvia  upon  iron,  I took  filings  of  iron  frefh  made,  that 
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the  virtue  might  not  be  diminifhed  by  ruft,  and  having  laid  them 
in  a little  heap  upon  paper  held  level,  I applied  to  the  lower  fide  of 
it,  juft  beneath  the  heap,  the  pole  of  a vigorous  load-ftone,  whofe  emif- 
fions  diffuftng  themfelves  thro*  the  metal,  manifeftiy  alter’d  their  ap- 
pearance, and  produced  many  eredt  aggregates  of  filings,  placed  one  a- 
bove  another,  like  little  needles  : and  as  thefe  needles  ftood  eredted  up- 
on the  flat  paper,  fo  they  would  run  to  and  fro,  according  as  the  load- 
ftone,  which  was  held  underneath,  moved  one  way  or  the  other;  and  as 
foon  as  that  was  taken  away,  all  this  little  ftand  of  pikes  would  fall 
again  into  a confufed  heap. 

There  are  two  principal  ways  of  explaining  the  change  of  water  in- 
to ice,  either  of  which  affords  a notable  inftance  to  the  prefent  purpofe. 
For  the  particles  of  water,  and  much  more  the  corpufcles  of  cold,  are 
confefled  to  be  fingly  too  fmall  to  be  vifible  ; and  their  motions  are 
not  faid  to  be  fwift,  but  rather  judged  flow ; yet  thefe,  by  their  number, 
produce  fo  forcible  a motion  in  glaciation,  as  to  break  bottles  of  glafs, 
earth,  or  metal  : and  the  expanfive  endeavour  of  freezing  water,  is  not 
only  able  to  do  this,  but  to  perform  fo  much  greater  things,  that  my 
trials  have  made  me  fometimes  doubt,  whether  any  thing  in  nature,  ex- 
cept kindled  gun-powder,  moves  bulk  for  bulk,  more  forcibly,  tho*  the 
motion  feems  to  be  very  flow. 

4.  We  are  not  fujffciently  aware  of  the  prop  agable  nature  of  local  motion , thro* 

■ different  mediums  and folid  bodies.  There  are  four  principal  occafions,  on 
which,  I have  obferved,  men  ufually  think  the  communication  of  motion 
much  more  difficult,  than  indeed  it  is. 

There  are  many,  who,  obferving  how  fome  bodies,  which  hit  again  ft 
fuch  others  as  are  hard,  ufually  rebound,  eafily  perfwade  themfelves, 
that  motion  can  fcarce  be  tranfmitted  thro’  them : but  tho*  in  many 
cafes,  the  progreflive  motion  be  either  inconfiderable  or  not  fenfible, 
yet  the  impulfe  may  make  a confiderable  impreflion,  and  be  commu- 
nicated to  a great  fhare  of  the  particles  of  that  matter,  whereof  the 

folid  confifts  ; as  we  fee  in  flunking  a timber-tree  at  one  end,  the  mo- 

tion may  become  fenfible  at  the  other.  And  tho’  bell-metal  be  a 
very  hard  body,  yet  its  folidity  hinders  it  not  from  being  fenfibly 
affedted  by  a weak  motion,  as  may  be  made  appear,  by  gently  paf- 
fing  a pin  along  a part  of  the  edge  of  a bell,  which  communicates 
to  the  whole  a vibrating  motion,  and  caufes  found,  as  will  be  audi- 
ble for  fome  time : fuch  a ftroke  alfo  upon  it  with  the  like  fmall  in- 

ftrument,  will  have  the  fame  effedt.  Now,  if  found  confifts  in  the 

undulating  motion  of  the  air,  and  fo,  in  our  cafe,  requires  a vibra- 
ting motion  in  the  fonorous  body  to'  impart  it,  we  muft  grant  a won- 
derful propagation  of  it  in  folid  bodies  themfelves  ; fince  the  point  of 
a pin  gently  ftriking  a part  of  a very  folid  metal,  no  bigger  than  itfelf, 
cou’d  thereby  produce  a fenfible  motion,  and  that  feveral  times  cir- 
culated to  millions  of  parts  equal  to  it  in  bulk,  and  much  exceeding 
it  in  hardnefs.  And  what  lhews,  that  even  foft  and  yielding  bodies, 
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faintly  moved,  have  a power  of  putting  fuch  hard  ones  into  mo- 
tion, I found  almoft  the  like  effects  upon  paffing  the  pulp  of  my  fin- 
ger, a little  way,  along  the  lower  part  of  a bell.  As  to  the  propa- 
gation of  motion  in  folid  bodies  by  heat,  it  greatly  depends  upon 
particular  textures  of  the  bodies.  For  heating  a piece  of  glafs,  or  a 
fire-itone,  I could,  without  any  inconvenience,  hold  my  naked  hand 
upon  parts  very  near  thole  that  were  fired  : but  if  one  end  of  a rod 
of  iron  be  made  red-hot,  the  heat  of  that  end  will  be  fo  propa- 
gated towards  the  other,  as  to  offend  the  hand  at  feveral  times  the 
diftance. 

’Tis  obfervable  in  many  buildings,  that  a {lamp  of  the  foot,  or 
bare  treading  in  one  room,  will  have  a fenlible  effect  in  moft  of  the 
others  : and  it  often  happens,  that  by  the  hafty  fhutting  of  a door, 
the  whole  houfe  is  made  to  tremble  ; whence  we  may  argue,  that, 
even  amongft  folid  bodies,  motion  made  in  one  place  may  be  rea- 
dily propagated  to  many  others.  And  if  the  fudden  impulfe,  and 
comprelfion  of  the  air  made  by  a door,  fuppoled  to  be  haftily  fhut, 
hath  any  confiderable  fhare  in  the  effedl,  this  phenonemon  will  ferve 
to  fhew  the  efficacy,  even  of  fuch  a motion  of  a fluid  body,  as  we  can- 
not direbtly  feel,  upon  feveral  large  ones  that  are  firmly  connedled. 
In  earth-quakes,  which  are  fuppoled  to  proceed  from  the  explofion 
of  fubterraneous  exhalations,  the  tremulous  motion  fometimes  extends 
very  Far  beyond  the  places,  where  the  explofions  were  made.  And, 
tho’  Seneca  confines  the  extent  of  earth-quakes  to  two  hundred  miles,  yet 
later  obfervations  fhew  them  to  reach  much  farther.  Jofephus  Acofia 
affirms,  that  in  the  kingdom  of  Peru,  in  the  year  1586,  an  earth- 
quake fpread  along  the  fhore  of  the  pacific  fea,  1 60  leagues ; and  adds, 
that  fometimes  it  has  in  thofe  parts  run  on  from  fouth  to  north  300 
leagues.  And  in  the  year  1601,  eminent  writers  relate  a much  larger 
earth-quake  to  have  happened,  reaching  from  Afia  to  the  French  coaft ; 
and,  befides  feme  Afiatic  regions,  it  fhook  Hungary , Germany , Italy , 
and  France,  that  is,  a great  part  of  Europe.  And  if  it  be  true,  that  it 
lafled  not  much  above  a quarter  of  an  hour,  his  the  more  likely,  that 
this  earth- quake  fhook  great  tracts  of  land  beyond  thofe  places  to  which 
the  fired  matter,  palling  from  one  cavity  to  another,  could  reach  in 
fo  fbnrt  a time  •,  for  in  trains  of  gun-powder,  the  fire  does  not  run  on 
near  fo  wiftly  as  one  would  imagine.  I my  felf,  alio,  have  feen  and  felt 
the  effedhofa  fmall,  harmlefs  earth-quake,  near  Oxford , which  extended 
many  miles  in  length. 

Bat  it  appears  to  how  great  an  extent  a motion,  excited  in  a very 
narrow  compafs,  may  be  propagated  thro*  different  mediums,  by  the 
relation  of  Famianus  Strada,  who  giving  an  account  of  a work,  con- 
trived to  keep  the  city  of  Antwerp  from  being  reliev’d  in  a fi  5ge,  by 
the  river  S hclat,  tells  us  the  effedts  of  a floating  mine,  contrived  to 
deftroy  it,  in  thefe  words:  “ On  a fudden,  the  fatal  fhip  burft,  with 
“ fuch  an  horrid  crafh,  as  if  the  very  Iky  had  rent  af under,  heaven 

“ and 
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u and  earth  had  charged  one  another,  and  the  whole  machine  of  the 
“ globe  had  trembled.  For  the  ftorm  of  ftones,  chains  and  bullets, 
6C  being  call  out  with  thunder  and  lightning,  there  followed  fuch  a 
“ daughter,  as  no  man  could  have  conceiv’d.  The  caftle  on  which 
“ the  infernal  fhip  fell,  the  pile-work  of  the  bridge  of  St.  Mary’s 
“ fort,  that  part  of  the  naval  bridge  next  the  caftle,  foldiers,  ma- 
<c  riners,  commanders,  cannons,  armour,  and  arms,  all  fwept  away  by 
<c  this  furious  whirl- wind,  tofled  into  the  air,  and  difperfed  as  wind 
“ fcatters  the  leaves  of  trees.  The  Scheldt , prodigioufly  gaping,  was 
<c  firft  feen  to  difcover  its  bottom,  then  fwelling  over  its  banks,  rofe 
<c  above  the  ramparts  ; and  huge  ftones,  thrown  out  to  above  a mile’s 
<c  diftance,  were  there  found  ftruck  deep  into  the  ground:  the  mo* 

tion  of  the  panting  earth,  extending  its  force  above  nine  miles.” 
Which  if  he  means  the  miles  of  that  country,  or  Butch  leagues,  are 
36  Englijlo  miles. 

But  even  the  motion  of  a coach  or  a cart,  will,  at  a confiderable  di- 
ftance, make  the  buildings  confiderably  fhake : ’tis,  therefore,  the  lefs 
furprizing,  that  in  a calm  night,  the  march  of  a troop  of  horfe  may 
be  felt  by  attentive  fcouts,  at  a great  diftance,  by  the  fhake  of  the  ground  ; 
tho’  perhaps  the  impulfe  of  the  air,  conveyed  along  the  refilling  furface 
of  the  earth,  may  principally  contribute  to  the  effedl. 

And  let  it  be  here  obferved,  that  in  peculiarly  difpofed  bodies, 
and  efpecially,  in  organical  ones,  a very  languid  motion  may  have  a 
far  greater  effedl,  than  it  could  produce  by  a bare  propagation  of  it 
felf.  For  it  may  fo  determine  the  motion  of  the  fpirits  in  the  body 
i't  works  upon,  as  to  make  multitudes  of  them  a£t,  as  if  they  con- 
fpired  to  perform  the  fame  motions  : as  when  a ticklifh  perfon,  by 
having  the  pulp  of  one’s  finger  pafted  gently  along  the  foie  of  his 
foot,  or  the  palm  of  his  hand,  has  various  mufcles,  and  other  parts  of 
his  body  and  face  put  into  preter-natural  or  unufual  motions.  And  moft 
men,  by  being  lightly  tickled  with  the  end  of  a feather,  or  a ftraw, 
within  their  noftrils,  have  their  heads  and  many  parts  of  their  bodies  put 
into  that  violent  commotion,  wherein  fneezing  confifts.  And  I re- 
member, that  having  been,  by  a diftemper,  for  fome  time  deprived  of 
the  ufe  of  my  hands  ; it  more  than  once  happened  to  me,  that  fitting 
alone  in  a coach,  if  the  wind  chanced  to  blow  a fingle  hair  upon  my 
face,  the  tickling  it  produced  was  fo  uneafy,  as  to  make  me  appre- 
hend falling  into  convulfions,  or  a fwoon,  before  I could  get  it  removed 
by  my  fervant. 

There  are  others  who  cannot  believe,  that  local  motion,  efpecially 
if  it  be  languid,  lhou’d  be  propagated  thro’  differing  mediums,  each  of 
which,  except  that  wherein  the  motion  is  begun,  muft,  they  think, 
either  repe1,  or  check  and  deaden  it.  To  thefe  I recommend  the  ex- 
periment of  a watch  heard  to  ftrike,  when  inclofed  in  an  exhaufted 
receiver.  I have  alfo  perceived  my  own  to  ftrike  in  my  pocket, 
and  felt  the  motion  of  the  balance  at  the  fame  time.  But  that  mo- 
tion 
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tion  may  be  propagated  thro*  different  mediums,  feems  the  more  probable,  Physics. 
by  the  lliakings,  often  felt  on  beds,  (landing  in  rooms  clofe  (but,  when  i— 
loud  claps  of  thunder  are  produced  in  the  clouds. 

Agricola  tells  us,  “ that  if  an  animal  be  thrown  into  a cave  at  Viburg  in 
“ Carelia , a country  of  Scandia , *tis  faid,  an  intolerable  found  breaks  out 
“ from  it,  with  a guff  of  wind  *,  and  that  if  any  fmall  weight  be  caff 
“ into  a cave  there  is  in  Dalmatia , tho5,  according  to  Pliny , it  be  done 
<c  on  a calm  day,  yet  a dorm,  like  a whirlwind,  is  immediately  raifed 
<c  thereby.” 

As  fome  are  unwilling  to  allow  that  motion  can  be  confiderably  propa- 
gated thro*  folid  bodies  *,  fo,  on  the  contrary,  there  are  others,  indif- 

pofed  to  think,  that  it  is  near  fo  propagable,  as  indeed  it  is,  thro* 

fluid  bodies  ; becaufe  they  prefume,  that  the  parts  of  fluids  ea- 
fily  giving  way,  will  deaden  the  impulfe  received  by  fuch  of  them, 
as  are  firfb  aCted  upon  by  the  impelling  body.  And,  there  is  yet  ano- 
ther fort  of  men,  who  cannot  believe,  that  it  fhould  be,  thro*  fuch 
a medium,  propagated  to  any  confiderable  diftance.  But  if  luminous 
bodies  a6t  on  our  eyes,  not  by  a fubftantial  diffuflon  of  extremely 
minute  particles,  as  the  Atomifls  would  have  it,  but  by  a propagated 
impulfe  of  fome  fubtile  matter,  contiguous  to  the  (hining  body,  as 
the  Cartefians  maintain  *,  it  will  be  manifeft,  that  a body  exceeding 
fmall  may  give  a brifk  motion  to  a portion  of  fluid  matter,  many 

millions  of  times  bigger  than  it  felf ; fince  in  a dark  night,  a (ingle 

fpark  of  Are  may  be  feen  in  different  places,  whofe  diftance  from  it 
many  thoufand  times  exceeds  the  diameter  of  the  fpark not  to  men- 
tion the  great  diftance,  at  which  the  flame  of  a fmall  taper  may  not 
only  be  fee n,  but  appear  larger,  than  near  at  hand.  And  if  we  com- 
pare the  diameter  of  the  planet  Venus , which  yet  fhines  but  with  re- 
flected light,  with  her  diftance  from  the  earth,  we  may  eafily  con- 
clude, that  the  fixed  (tars,  probably  fo  many  funs,  which  fhine  by 
their  own  native  light,  muft  impel  a ftupendous  proportion  of  ethe- 
rial  matter,  to  be  able,  at  that  immenfe  diftance,  to  make  fuch  vivid 
impreflions,  as  they  do,  upon  our  eyes.  And  tho’  fluid  bodies  do  eafily 
yield  to  folids,  and  thereby  quickly  deaden  the  motion  of  them ; yet 
the  motion  being  loft,  only  in  regard  of  the  folid  body,  is  not  loft, 
but  tranfmitted,  and  diffufed  in  refpeCt  of  the  fluid.  Thus  when  a log 
of  wood,  or  any  fuch  body,  fpecifically  lighter  than  water,  is  let  fall 
into  the  middle  of  a pond,  tho’  its  progrefs  downwards  be  checked, 
and  it  is  brought  to  reft  quietly  on  the  furface  of  the  water  j yet 
its  motion  is  not  loft,  but  communicated  to  the  parts  of  the  water, 
againft  which  it  firft  (trikes,  and  by  thofe  to  others,  till  at  length 
the  waves,  produced  on  the  furface,  fpread  themfelves  to  the  brinks, 
and  would,  perhaps,  be  farther  expanded,  if  thefe  did  not  hinder 
their  progrefs.  Whence  we  may  learn,  that,  tho*  the  nature  of  fluid 
bodies  requires,  that  their  parts  be  actually  diftinCt,  and  feparately 
moved  ; yet  the  particular  corpufcles,  which  compofe  them,  being 
Vol.  I.  Qjq  q touched 
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Physics,  touched  by  feveral  others  ; the  new  motion,  produced  in  fome  of 
— T — j them,  by  an  impelling  folid,  muft  needs  make  them  impel  the  conti- 
guous corpufcles,  and  thefe,  fuch  as  lie  next  to  them ; and  fo  the  im- 
pulfe  may  be  propagated  to  a vail  diftance  : fince,  in  a fluid  body, 
the  corpufcles  yield  more  eafily  to  the  impelling  power;  and  being 
here  almoft  balanced  by  others  of  the  lame  fluid,  a very  fmall  force 
may  fuflice  to  impel  them.  Thus,  tho*  the  brafs  fcale  of  a balance, 
feveral  inches  in  diameter,  may  be  fuppofed  to  outweigh  many  my- 
riads of  fuch  particles  as  compofe  water,  wine,  &c.  yet,  fuch  a fcale 
being  duly  counter-poifed  with  another,  I have  eafily  put  it  into  va- 
rious motions,  only  with  the  inviflble  effluvia  of  a fmall  piece  of  amber. 
And  if  we  conflder  the  inftance  of  the  concentric  circles,  made  by 
the  falling  of  a ftone  into  ftagnant  water,  we  fliall  be  the  more  ea- 
fily perfwaded,  that  even  in  an  heavy  fluid,  a motion  may  reach  much 
farther,  than  men  are  ufually  aware  of,  beyond  the  parts  on  which 
it  was  firft  impreffed.  An  experienced  navigator,  who  much  fre- 
quents the  coaft  of  Greenland , and  other  northern  regions,  to  fifh  for 
whales,  allured  me,  he  had  not  only  often  heard  the  ice,  in  break- 
ing, make  a more  terrible  noife,  than  the  loudeft  claps  of  thunder 
with  us  ; but  that,  fometimes,  when  the  fea- water  had  undermined  the 
foundation  of  mountainous  pieces  thereof,  he  hath  known  it  fuddenly 
fall  into  the  fea  below,  with  fuch  violence,  as  to  make  a ftorm,  at 
a great  diftance  off ; and  that,  once,  when  he  lay  two  leagues  from 
the  place  where  a ftupendous  mafs  of  ice  fell,  it  raifed  the  waves  fo 
high,  as  to  *wafh  over  the  ftern  of  his  fhip,  with  great  danger  to 
fome  of  the  men ; and  to  fink  feveral  of  his  fhallops,  that  were  ri- 
ding near  ; tho’  fcarce  any  veffels  in  the  world  were  fo  fitted  for  rough 
feas  as  thofe.  The  air,  indeed,  is  a much  thinner  fluid  than  water, 
yet  becaufe  we  are  apt  to  think  it  indifpofed  to  propagate  motion 
far 5 off,  I muft  obferve,  that  we  are  not  to  judge  of  it,  by  the  effed  it 
has  on  our  ears,  when  the  found  is  made  in  difadvantageous  places* 
For  one,  who  hears  a violin  play’d  on  in  an  hung  room,  will  think 
the  found  faint  in  comparifon  of  what  it  would  appear,  if  the  fame 
inftrument  were  touched  in  an  arched  roof  w'thout  hangings  ; foft 
and  yielding  bodies  being  apt  to  deaden  the  found,  which  the  figure 
and  hardnefs  of  the  vaulted  chamber  would  refled.  So,  when  a man 
fpeaks  in  the  free  air,  we  ufually  take  no  notice  of  the  motion 

of  the  air,  beyond  the  place  we  are  in ; but  if  the  place  hap- 
pens to  have  an  echo,  tho’  at  many  times  that  diftance  from  the 

Speaker,  we  may  then  eafily  take  notice,  that  the  motion  of  the  air 

was  carried  on,  and  that  with  vigour,  much  farther  than  we  fhould 
other  wife  have  obferved.  And  I have  often  thought,  that,  even  by 
the  better  fort  of  echoing  places,  we  are  not  informed,  to  how  great 
a Sphere  the  motion,  which  the  air  is  put  into  by  founds,  may  ex- 
tend, where  its  diffufion  and  force  are  neither  hindered  nor  weaken- 
ed by  bodies,  placed  too  near,  or  indifpofed  to  promote  its  operation. 
Fromundus%  who  being  profeffor  of  philofophy  at  Lovain. , in  the  year 

1627., 
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1 627,  might  eafily  know  the  truth  of  what  he  relates,  affirms,  that  Physics. 
at  the  famous  fiege  of  Ojlend  in  Flanders , the  thunder  of  the  great 
ordnance  was  heard  above  thirty  Butch  leagues,  or  one  hundred  and 
twenty  Englijh  miles.  And  that  is  yet  more  flrange,  which  he  adds 
concerning  the  diffufion  of  the  found  of  a drum,  which  was  perceived  at 
fea,  twelve  leagues  off.  To  which  may  be  added,  concerning  echoes, 
the  notable  relation  in  Varenius , of  an  obfervation  made  by  Bavid  Fra- 
lichius , who,  in  the  company  of  two  ftudents,  had  the  curiofity  to 
vifit  the  mountain  Carpathus , efteemed  the  highefl  of  all  in  Hungary , 
and  faid  to  be  much  more  fteep,  and  difficult  of  accefs,  than  any  of  the 
Alps.  This  Fralitbius,  having  related,  with  what  difficulty  he  and  his 
companions  afcended  above  that  region  of  the  air,  where  they  met 
with  clouds,  and  vehement  winds,  adds ; “ At  this  height  I fired  a gun, 
which  at  firft  gave  a report  no  louder  than  if  I had  broke  a flick  ; but 
fome  time  after,  we  heard  a long  continued  murmur,  which  fill’d  all 
the  lower  parts  of  the  mountain,  valleys,  and  woods.  And  defcending 
along  the  fnow,  which  had  long  lain  between  the  valleys,  we  again  un- 
loaded our  gun,  which  made  a more  dreadful  noife  than  that  of  the 
largeft  cannon  ; fo  that  I fear’d  the  whole  mountain  was  going  to  tum- 
ble : and  this  found  continued  for  half  a quarter  of  an  hour,  till  it  had 
enter’d  the  innermoft  caverns,  whence,  the  parts  of  the  air  crowding 
each  other,  it  was  beat  back  ; but  for  want  of  fuch  cavities  at  the  top  of 
- the  hill,  the  found  was  at  firft  infenfibly  reverberated,  till  coming  lower 
“ and  nearer  to  the  caves  and  valleys,  it  was  more  forcibly  daffi’d  againft 
“ them.” 

5.  We  feldom  regard  what  the  modification  of  the  invifihle  motion  of  fluids  may  The  effeas  of 
perform , on  the  difpofed  bodies  of  animals . the  imifible 

There  is  a peculiar  aptitude  required  in  thofe  animals,  or  fome  particu-  ™oU°)l 
lar  parts  of  them,  which  are  to  be  fenfibly  affedled  by  fuch  motions  as  w ^nimeUb^ieu 
here  mean  ; which  would,  otherwife,  be  too  languid  to  produce  any  great 
effedt. 

It  feems  the  lefs  flrange,  that  continuing  founds,  and  durable  im~ 
pulfes  of  the  air,  or  other  fluids,  fhould  have  a manifeft  operation  on 
folid  bodies,  confidering  the  multitude  of  ftrokes,  which  may,  in  a 
very  fhort  time,  be  given,  by  the  parts  of  the  fluid  to  the  confiflent 
body.  For  tho’  each  of  thefe,  apart,  would,  perhaps,  be  too  languid 
to  have  any  fenfible  effedt  * yet  frequent  repetitions,  by  the  fucceffive 
parts  of  the  fluid,  have  a very  great  power:  as  may  be  argued  from 
the  fwing  given  to  pendulums  by  a very  languid  force  ; as  alfo  from 
the  tremulous  motion,  imparted  to  the  metalline  fpring  of  a mufical 
inftrument,  by  the  correfpondent  one  given  to  the  air  by  another 
firing.  Scaliger  tells  us  a pleafant  ftory  of  a Gafcon  knight,  whom  the 
found  of  a bag-pipe  would  prefently  force  to  make  water : and  I know 
a very  ingenious  gentleman,  upon  whom  the  running  of  a tap  has 
almoft  the  like  operation.  The  noife  of  an  ungreafed  cart-wheel,  the 
fcraping  of  a knife,  and  fome  other  fuch  acute  founds,  fo  affedt  feve- 
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Physics,  ral  parts  of  the  head,  as  to  fet  the  teeth  on  edge.  But  thefe  effe&s 
-V— J are  much  lefs  confiderable,  than  that  producible  on  an  ingenious  do- 
medic  of  mine,  whofe  gums  will  bleed  upon  the  noife  of  tearing 
brown  paper.  Sir  Henry  Blunt , in  his  voyage  to  the  Levant , tells  us, 
that  he  faw  in  Grand  Cairo , a ned  of  four-legged  ferpents,  two  feet 
long,  black,  and  ugly,  kept  by  a Frenchman , who,  when  he  came  to 
handle  them,  would  run,  and  hide  themfelves  in  a hole  *,  but  upon 
the  mufic  of  his  cittern,  would  all  crawl  out  again,  and  climb  up 
to  him,  till  he  gave  over  playing,  when  they  ran  away  again.  And 
a perfon  of  great  judgment  and  integrity  told  me,  that  he,  with  ma- 
ny European  merchants,  had  feen,  in  the  Eaft- Indies , the  owner  of  fome 
large  tame  ferpents,  taken  by  the  common  people  there  for  a Magi- 
dan , who  by  mufic  could  make  them  dance  in  drange,  frightful  and 
very  ere<fl  poftures  *,  or  feem  to  fleep,  and,  as  it  were,  melt  away  with 
pleafure,  by  particular  parts  of  a tune.  And  according  to  Kirchery 
there  is  a great  fifh,  in  the  Str eights , between  Sicily  and  Italy , much 
affetted  with  a peculiar  kind  of  tune,  whereby  mariners  allure  it  to 
follow  their  vefiels.  I will  not  affirm,  there  is  any  certainty  in  the 
famous  tradition,  of  the  lion’s  being  terrified  at  the  crowing  of  a 
cock  ; for  a late  French  traveller  affirms,  that  rowing  along  the  brink 
of  Euphrates , they  were,  for  many  hours  in  the  night,  terrified  by  li- 
ons that  attended  them,  and  were  not  at  all  afraid  of  the  frequent 
crowing  of  the  cocks,  which  chanced  to  be  in  the  paflage-boat.  I 
might  add,  that  many  (leeping  perfons  will  be  more  eafily  awaked,  being 
called  upon  by  their  own  names,  than  by  others,  tho’  uttered  with  a 
louder  voice.  I fhall  not  infid  on  that  example  of  the  operation  of  a 
found,  afforded  by  the  darting  of  men,  or  larger  animals,  upon  a fur- 
prizing  noife  whereby  the  whole  bulk  of  the  animal  is  fuddenly 
raifed  from  the  ground,  which,  perhaps,  could  not  be  done  by  the 
bare  counter-poife  of  fome  hundreds  of  pounds  ; becaufe  this  feems 
to  depend  rather  upon  the  loudnefs  or  acutenefs  of  the  found,  than 
any  determinate  modification  of  it.  But  the  mod  eminent  indance  of 
the  efficacy  of  peculiarly  modified  founds  upon  difpofed  bodies,  is  af- 
forded us  by  what  happens  to  thofe  who  are  bit  by  a Tarantula . 
For,  tho’  fuch  perfons  will  calmly  hear  feveral  other  tunes,  yet  when 
a peculiar  one  comes  to  be  plaid,  it  will  fet  them  a dancing  with  a 
furprizing  vigour  *,  and  this  dancing  will  fometimes  continue  for  many 
hours,  if  the  mufic  ceafes  not.  I know  there  are  fome,  who  quedi- 
on  the  truth  of  the  things  related  of  thefe  Tarantati  •,  and  I grant,  that 
fome  fi&ions  may  have  paded  under  the  countenance  of  fo  drange  a 
truth.  But,  befides  the  affirmations  of  learned  men,  I have  received 
attedations  hereof  from  an  acquaintance,  who,  at  Tarantum  it  felf, 
whence  the  infeft  takes  its  name,  faw  many  bitten  perfons  in  their 
dances  •,  and  amongd  the  red,  a phyfician,  on  whom  the  tune,  that, 
fitted  his  didemper,  had  the  fame  operation,  as  on  the  other  pati- 
ents. And  Epiphanius  Ferdinandus , who  prattifed  phyfic  in  Apulia , and 
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Calabria , for  many  years,  not  only  delivers,  upon  his  own  perfonal  Physics. 
obfervation,  feveral  narratives  of  the  effects  of  mufic  upon  the  Tarantati , - -v — ■— J 

but  invites  any,  who  may  doubt  of  the  truth  of  fuch  narratives,  to  repair 
to  him,  at  a fit  feafon  ; undertaking  to  convince  them  by  ocular  de- 
monftration.  I have,  alfo,  my  felf  feen  an  ingenious  perfon,  who  in 
Calabria  or  Apulia,  was  him  felf  bitten  by  one  of  thefe  venomous  infedls  *, 
tho’  the  hurt  was  flight.  Yet  this,  together  with  what  he  had  feen  in 
others  more  unhappily  bitten,  confirm’d  what  fober  writers  affirm  of 
the  fymptoms  and  cure  of  that  poifon.  A very  honeft,  and  fober  mufi- 
cian,  hath,  feveral  times,  affirmed  to  me,  that  he  could,  at  pleafure, 
by  playing  a certain  tune,  which  wou’d  not  affedt  others,  make  a cer- 
tain perfon  weep,  againft  her  will.  I might  add,  that  when  I have 
been  taking  phyfic,  or  am  any  thing  feverifh,  the  repetition  of  two  verfes 
of  Lucan  feldom  fails,  as  I have  tried,  of  producing  in  me  a chilnefs,  al- 
moft  like  that,  but  fainter,  which  begins  the  fit  of  an  ague  : tho’  I look 
not  on  this  as  a ftrong  proof  of  the  phyfical  efficacy  of  founds  ; becaufe 
thofe  two  verfes  having  been  emphatically  read,  when,  feveral  years  ago, 

I lay  fick  of  a flow  fever,  and  could  not  reft,  they  made  fo  ftrong  an 
impreflion  on  me,  that  whenever  I am  under  a difcompofure,  like  what 
then  troubled  me,  thofe  verfes  revive,  as  it  were,  that  indifpofition  in 
me. 

5Tis  the  lefs  ftrange,  that  the  vibrating  motion  of  the  air,  which 
produces  founds,  fhould  produce  fuch  effedts  upon  difpofed  organical 
bodies  j fince  light  it  felf  may  have  a notable  operation,  after  the  fame 
manner.  For  the  fun-beams,  by  beating  upon  the  eyes  or  faces  of  fome, 
who  come  fuddenly  out  of  a ffiady  place,  prefently  make  them  fneeze ; 
which  is  not  done  without  a vehement  motion  of  feveral  parts  of  the 
body.  And  tho’  colour  be  but  a modification  of  light ; yet  it  was  an- 
ciently a pradtice,  to  prefent  red  objedls  to  elephants,  to  make  them  more 
fierce.  It  is  a familiar  obfervation,  that  red  clothes  irritate  turky- 
cocks  : and  Valejius , a learned  phyfician,  .tells  us  of  a perfon,  who,  if  he 
looked  upon  red  objedts,  would  not  only  have  his  eyes  offended,  but 
was  alfo  thereby  fubjedt  to  an  effufion  of  humours  in  the  neighbouring 
parts. 

6.  We  feldom  fufpebl,  what  efficacy  the  inviflble  motions  of  fluids  may  The  efficacy  of 
have  on  inorganical  bodies , upon  account  of  fome  determinate  agreement,  regarded 
or  relation  betwixt  a peculiar  texture  of.  the  one,  and  the  peculiar  modification  ' J*n 
of  the  other's  motion . To  manifeft  this  by  particular  experiments,  I fhall  inQrganual 
begin  with  that  common  one,  made  with  two  unifon-ftrings  of  a mu-  bodies. 
fical  inftrument  •,  wherein  a motion  of  the  one,  will  fuffice  to  produce 
a viflble  motion  in  the  other.  But  that  the  fhake  of  the  untouched 
firing  may  not  be  fufpedled  to  be  communicated  to  it,  by  the  pro- 
pagated motion  of  the  inftrument  j I fhall  add,  that  a wire  may, 
without  another  firing,  be  brought  to  tremble,  by  a determinate  found, 
made  at  a diftance,  which  produced  but  fuch  an  impulfe  of  air,  as 
could  neither  be  feen,  or  felt  by  a by -Hander  > nor  would  communi- 
cate 
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cate  any  fenfible  motion  to  neighbouring  firings.  It  is  true,  th  at,  in 
this  cafe,  the  firing,  in  which  the  trembling  was  produced,  being  a 
(ingle,  long,  {lender,  and  fpringy  body,  faflened  at  both  ends  to  a 
liable  one  ; it  may  Teem  unreasonable  to  exped,  that  any  thing  like 
fuch  an  effect  fhould  be  produced  by  the  fame  caufe,  in  bodies  which 
do  not  appear  fo  qualified.  But  as  a certain  degree  of  tenfion,  is  the 
principal  qualification  in  order  to  this  phenomenon,  without  which, 
all  the  others  would  be  unavailable ; perhaps  in  bodies,  of  a very 
different  appearance  from  firings,  the  various  textures,  connexions,  and 
complications,  that  nature,  or  art,  or  both,  may  make  of  the  parts, 
will  bring  them  to  a flate  equivalent  to  the  tenfion  of  the  firings 
of  mufical  inflruments;  whereby  feveral  of  the  mentioned  parts  will 
be  flretched  in  the  manner  requifite,  to  receive  a vibrating  motion 
from  fome  peculiar  founds : and,  poffibly,  thefe  trembling  parts  may  be 
numerous  enough  to  affed  their  neighbours,  and  make  in  the  body 
they  belong  to,  a fenfible  tremulous  motion.  I found  upon  trial,  that 
if  a large,  hemifpherical  glafs  were  conveniently  placed ; a determinate 
found,  made  at  a convenient  diflance  from  the  concave  furface  of  the 
glafs,  would  make  it  fenfibly  ring,  as  a bell,  foon  after  it  has 
been  flruck.  But  this  noife  was  the  effed  of  a determinate  found  \ 
for  tho9  the  voice  were  raifed  to  a higher  tone,  or  if  the  found 
were  made  louder,  the  fame  effed  would  not  enfue.  And  I have  been 
affured,  that  one  Petterus , a vintner  at  Amfterdam , could  take  the 
tone  of  a rummer-glafs,  and  raifing  his  voice  into  that  tone,  firft 
make  it  tremble,  and  then  burfl.  I obferved  alfo,  that  large 

empty  drinking-glaffes  of  fine  white  metal,  had,  each  of  them,  its  de- 
terminate tenfion.  For  caufing  the  firings  of  a mufical  inflrument  to 
be  varioufly  fcrewed  up,  let  down,  and  brifkly  flruck,  we  found,  that 
the  motion  of  one  firing,  when  flretched  to  a certain  tone,  would 
make  one  of  the  glaffes  ring,  and  not  the  other  .*  nor  would  the 

found  of  the  fame  firing,  tuned  to  another  note,  fenfibly  affed  the 
jfrrfl  glafs,  tho9  perhaps  it  might  have  its  operation  upon  another. 

We  muff  not  omit,  that  after  we  had  found  the  tone  proper  to  one 

of  the  glaffes,  having  broken  off  part  of  the  foot,  the  fame  found  of 
the  firing  would  no  longer  be  anfwered  by  the  veffel  ; but  we  were 
oblig’d  to  alter  the  tenfion  of  the  firing,  to  produce  the  former  ef- 
fect. A famous  organifl  has  affured  me,  that  at  particular  flops  of 
the  organs,  fome  feats  in  the  church  would  tremble  ; tho9  by  his  re- 
lation, I fufpeded  this  to  be  effeded  chiefly  by  the  greatnefs  of  the 

found : but  I have  feveral  times  fince  obferved  certain  founds  of  an 
excellent  organ  to  make,  not  only  my  feat  in  the  church  to  trem- 
ble under  me,  but  to  produce  an  odd  motion  in  the  upper  part  of 

my  hat,  which  I could  plainly  feel  with  my  hands.  And,  what  in- 

clines me  to  believe  that  this  effed  depends  upon  the  determinate 
tone,  rather  than  upon  the  loudnefs  of  the  found,  is,  that  I have  of- 
ten felt  fuch  a kind  of  motion  in  the  upper  part  of  my  hat,  upon 

pronouncing 
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pronouncing  fome  words  in  ordinary  difcourfe.  Nor  is  it  only  in  fuch  Physics. 
fmall,  and  yielding  bodies,  as  hats,  and  firings,  that  founds,  not  boi-  u— 
fterous,  may  produce  fenfible  effects  ; for  if  they  be  adapted  to  the 
texture  of  the  body,  to  be  work’d  upon,  they  may  excite  motions 
in  it,  tho*  it  be  either  folid,  or  very  bulky.  An  ancient  mufician 
affirmed  to  me,  that  playing  on  a bafs-viol,  in  the  chamber  of  one  of 
his  fcholars,  when  he  came  to  ftrike  a certain  note  upon  a particu- 
lar firing,  he  heard  an  odd  kind  of  jarring  noife,  which  he  thought, 
at  firft,  had  been  either  cafual,  or  proceeded  from  fome  fault  in  the 
firing*,  but  having  afterwards  frequent  occafion  to  play  in  the  fame 
room,  he  plainly  found,  that  the  noife  was  made  by  the  tremulous 
motion  of  the  cafement  of  a window,  which  would  be  made  to  trem- 
ble by  a determinate  found  of  a particular  firing,  and  not  by  other 
notes,  either  higher  or  lower.  To  this  inftance,  I fhall  add  a fecond, 
that,  I confefs,  I was  not  forward  to  believe,  till  trial  had  convinced 
me  of  its  truth  *,  to  which  end,  I took  the  mufician,  who  told  me  the 
ftory,  with  me  to  the  place  he  mention’d  *,  which  was  an  arch,  and 
would  not  anfwer  to  all  notes  indifferently,  when  we  ftood  in  a cer- 
tain part,  but  to  a determinate  note,  which  he  told  me  was  ce  fa 
ut , a little  flatted  *,  to  which  it  anfwered  very  well,  and  not  fenfibly 
to  others : and  even  when  I made  him  raife  his  voice  to  an  eighth, 
as  confonant  as  thofe  two  founds  ufually  are  in  all  other  cafes,  the 
vaulted  arch  did  not  appear  to  us  affe£ted  with  it.  He  informed  me 
too,  that  he  had  tryed  in  moft  arches  about  the  city,  and  could 
find  no  fuch  peculiarity  in  them,  as  being  refonant  to  all  notes  and 
founds  indifferently,  that  were  ftrong  enough  *,  and  farther,  that,  as  this 
arch,  for  a hundred  years,  has  been  obferved  to  have  this  property,  fo  an 
ancient  and  experienced  builder  informed  him,  that  any  vault,  which  was 
exquifitely  built,  would  peculiarly  anfwer  to  fome  determinate  note  or 
. other. 

7.  We  look  upon  feveral  bodies , as  having  their  parts  in  a fate  of  abfo- Various  bodies 
lutreft , when  indeed  they  are  in  a forced  fate,  as  of  tenfion , compr  effort^ 

&■  c.  This  obfcrvarion  will,  probably,  feem  paradoxical.  For  when  an  in-  0f  tenfion, 
tire  body  of  a folid  confidence,  and  uniform  matter,  appears  to  be 
movelefs,  we  take  it  for  granted,  that  its  parts  alfo  are  perfectly  at 
reft  : yet  fome  obvious  phenomena  will  teach  us,  that  its  component 
corpufcles  may  have  various  morions,  and  endeavours  among  them- 
felves.  Thus  when  a bar  of  iron,  having  been  well  hammered,  is  new- 
ly taken  off  from  the  anvil  *,  tho*  the  eye  can  difcern  no  motion  in 
it,  yet  the  touch  will  readily  perceive  it  to  be  very  hot:  and  the 
brifk  agination  of  its  fenfible  parts  will  become  vifible,  by  pouring  a 
liquor  upon  it.  When  the  lath  of  a crofs-bow  ftands  bent,  tho’  nei- 
ther the  eye,  nor  touch,  perceive  any  motion,  in  the  fpringy  parts, 
yet  if  the  firing  be  cut,  the  fudden  motion,  tending  to  reftore  it  to 
the  figure  it  had  before,  difcovers  an  elafticity,  whence  we  conclude 
it  was  in  a ftate  of  compreffion,  And  tho*  the  firing  of  a bent  bow,, 
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likewife,  appears . to  be  in  a ftate  of  reft  ; yet  if  you  cut  it  afunder, 

1 the  extremes  will  fly  from  one  another  forcibly  enough  to  manifeft, 
that  they  were  before  in  a ftate  of  tenfion.  But  becaufe  the  bow 
and  firing  were  brought  into  a violent  ftate  by  human  force,  I fhall 
add,  that  there  are  feveral  bodies,  on  which  no  fuch  force  appears 
to  have  adled,  tho’  they,  alfo,  are  in  a ftate  of  violent  compreflion  or 
extenfion,  and  under  a ftrong  endeavour  of  the  parts,  which  feem  at 
reft,  to  fhrink  or  fly  out.  I have  obferved,  that  a glafs,  which  feem- 
ed  to  have  been  well  nealed,  would,  fometimes,  crack  of  its  own  ac- 
cord ; and  the  glafs- men  relate,  that  if  they  take  their  glades  too 
haftily  from  the  fire,  they  will  be  very  apt  to  do  fo.  I alfo  caufed 
a flat  lump  of  a particular  metalline  glafs,  to  be  made  three  or  four 
times  as  thick  as  an  ordinary  drinking-glafs  ; which  was  fo  difpofed 
to  fhrink  upon  a fmall  degree  of  refrigeration,  that  before  it  was  fen- 
fibly  cold,  it  would  crack,  with  fuch  a noife  and  violence,  that  parts 
of  it,  of  a confiderable  bulk,  flew  to  a great  diftance  from  one  another. 
Having,  to  preferve  a particular  liquor  of  moment,  inclofed  it  in  a 
ftrong  vial,  with  an  exquiflte  glafs  ftopple,  and  fet  the  veflel  upon 
the  edge  of  a window,  in  a high  and  fecure  place,  that  it  might  not 
be  moved  ; it  continued  there  for  above  a year.  The  liquor  was  of 
fuch  a nature,  that  if  any  one  had,  tho’  but  for  a moment,  taken  out 
the  ftopple,  I cou’d  eafily  have  difcover’d  it.  At  length,  as  I was  one 
day  ftudying  quietly  in  my  clofet,  at  a confiderable  diftance  from  the 
place  where  the  vial  ftood,  I heard  a loud  and  brifk  noife,  almoft 
like  the  report  of  a piftol  •,  and  perceiv’d  fomething  come  rolling  to 
my  feet,  which  I found  to  be  the  thicker  and  larger  part  of  the  ftop- 
ple of  my  vial,  that  of  it  felf  had  flown  off ; leaving  the  other  part 
ib  ftrongly  and  clofely  adjufted  to  the  neck,  that  I cou’d  by  no 
means  force  it  out.  There  was  not  the  leaft  lhake  made  in  the  room 
to  occafion  this-,  nor  any  body  prefent  but  my  felf.  If  you  take  a 
piece  of  red-hot  copper,  and  hold  it  over  a ftieet  of  white-paper, 
you  will  perceive  numerous  flakes  to  fly  off,  with  a little  noife,  fome- 
times as  far  as  the  edges  of  the  paper ; which  flakes  feem,  from 
their  brittlenefs  and  colour,  to  be  parts  of  the  metal  vitrified  by  the 
fire,  and  afterwards  by  a too  hafty  refrigeration  fhrinking  fo  violent- 
ly, as  to  crack  and  leap  from  one  another,  like  the  contiguous  parts 
of  the  firing  of  a viol,  which  breaks  by  the  moifture  of  the  air.  An 
expert  artificer  in  metalline  concaves  told  me,  he  ufually  obferved 
them  to  fhrink  upon  refrigeration.  And  the  like  I have  obferved  in 
iron  of  a great  thicknefs,  and  purpofely  fitted  to  a hollow  body  of 
metal,  which  it  would  not  enter  when  it  was  heated,  tho’  it  would, 
when  it  was  cold.  But  that  metals  may  fhrink,  andfdo  fo  with  a 
very  confiderable  force,  appears  from  hence,  that  the  fame  artificer, 
after  he  had  made  fome  large  concaves  of  an  unfit  mixture  of  me- 
tals, and  removed  them  careiully  from  the  fire,  left  they  fhould  cool 
too  faft,  obferved,  that  when  they  came  to  be  farther  refrigerated, 
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they  would  crack  with  a great  noife.  Another  tradefman,  whom  I Physics. 
often  employ,  complained  to  me,  that  having  cad  a kind  of  bell-  — v — — 
metal  upon  a very  drong  folid  indrument  of  iron,  of  a furface  con- 
fiderably  large,  tho’  the  metal  was  differed  to  cool  in  a warm  room, 
from  about  eight  o*-clock  on  Saturday  night,  till  ten  or  twelve  on 
Monday  morning,  and  was  then  confiderably  hot  to  the  touch  *,  yet, 
fhrinking  from  the  iron,  which  would  not  fhrink  with  it,  it  crack’d 
in  leveral  places,  with  a noife,  equal  to  the  report  of  a pidol  *,  tho* 
the  metal  was  an  inch  and  a half,  or  two  inches  thick.  And  the 
fame  perfon  fhewed  me  a large  cylinder  of  iron,  about  v/hich  a coat 
of  bell-metal  had  been  call  fome  days  before,  on  which  there  was  a 
crack  near  one  end,  made  by  the  coldnefs  of  the  iron,  though  the 
thicknefs  of  the  bell-metal  exceeded  an  inch.  Nor  is  it  only 
in  fuch  mixtures  as  bell-metal,  which  may  be  very  brittle,  but  even 
in  a metal  malleable,  when  cold,  that  the  like  phenomenon  will 
fometimes  happen  ; as  I learn’d  from  another  artificer,  who  affirmed  to 
me,  that  having  caff:  a ring  of  brafs,  about  a cylinder  of  iron,  he 
found,  that  when  the  metal  began  to  cool,  the  parts  fhrunk  from  one 
another,  fo  as  to  leave  a crack,  which  he  was  obliged  to  fill  with  fol- 
der, quite  crofs  the  breadth  of  the  ring ; tho*  this  was  above  an  inch 
thick. 

Now,  thefe  experiments  feem  to  teach,  that  a body  may  be  brought 
into  a date  of  tendon,  as  well  by  expanfion  with  fire,  as  by  the  acti- 
on of  an  external  agent  * and  this  date  of  contraction,  and  compref- 
fion,  will  be  illudrated  by  a well-drung  bow.  For,  as  that  is  brought 
to  a date  of  compreflion  by  the  force  of  the  archer ; fo  by  the  eladi- 
cal  force  of  the  bow,  the  dring  is  brought  into  a violent  date  of 
tendon, . as  is  evident  by  cutting  it ; for  then  both  the  bow  will  fly 
fuddenly  outwards,  and  the  parts  of  the  dring  fwiftly  ffirink  from  one 
another.  And  according  to  this  dodtrine,  the  effedt  of  other  bodies 
upon  fuch  as  are  thus  brought  into,  what  men  call,  a preter-natural 
date,  is  not  to  be  judged  barely  according  to  vulgar  conceptions, 
but  with  refpedt  to  this  latent  difpofition  of  the  patient : for  indance, 
tho’  a flack  dring  of  a violin,  will  not  be  hardened  by  the  vapours 
of  the  air  in  moid  weather  ; yet  a neighbouring  dring  of  the  fame 
indrument,  tho’  perhaps  much  dronger,  being  fcrewed  up,  will  be  fo  af- 
fedted  with  thofe  vapours,  as  to  break  with  noife  and  violence.  And 
fo  when  one  part  of  a piece  of  glafs  is  made  as  hot  as  poflible,  with- 
out appearing  difcoloured  to  the  eye,  tho’  a drop  or  two  of  cold 
water  have  no  effedt  upon  the  other  part  of  the  fame  glafs,  yet  if  they 
touch  the  heated  part,  whole  ufual  extenfion  is  altered  by  the  fire, 
which  vehemently  agitates  the  component  particles,  the  glafs  will  crack. 

Having  met  with  feveral  pieces  of  glafs,  which  I had  reafon  to  think 
were  of  a texture  or  temper,  very  different  from  the  ordinary  fort ; I 
try’d  whether  fome  of  them  were  not  more  brittle  and  eladic,  than 
their  thicknefs  gave  room  to  imagine  : but  in  feveral  the  experiment 
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Physics.  wou’d  not  fucceed,  efpecially  if  their  figure  were  inconvenient  ; yet 
with  others  I had  very  good  fuccefs  *,  particularly  with  fome  ihaped 
almoft  like  the  lharper  end  of  the  neck  of  a receiver.  For  tho’  thefe 
pieces  of  glafs  are  much  thicker  than  fuch  necks,  or  fix  times  as 
thick  as  the  ufual  drinking- glaffes,  yet  I feveral  times,  by  obliquely 
fcratching,  or  rather  ftroaking  them  on  the  infide  with  the  head  or 
point  of  a pin,  made  them  forcibly  burft  to  pieces  in  my  hand.  In 
which  furprizing  effeCts  of  fo  languid  a motion,  the  matter  of  the 
glafs  feem’d  to  contribute,  tho’  much  lefs  than  the  texture  it  obtain’d 
by  the  peculiar  way  of  ordering  it  in  the  fire  and  the  air.  And  if  it 
is  poffible  to  afiign  other  caufes  of  thefe  phenomena,  than  fuch  as  we 
have  mention’d,  it  will  not  much  concern  us ; for  whatever  the  latent 
caufe  of  the  breaking  of  the  bodies  may  be,  the  manifeft  circum- 
ftances  of  them  fuffice  to  ftiew,  that  bodies,  which,  as  to  fenfe,  are 
in  a natural  ftate  of  reft,  may  be  in  a violent  one,  as  totenfion,  and 
have,  either  upon  the  account  of  the  texture  of  the  parts  among  them- 
felves,  or  upon  that  of  fome  fubtile  matter,  or  other  phyfical  agent, 
a ftrong  endeavour  to  fly  off,  or  recede  from  one  another.  I might 
here  alio  alledge,  the  relation  of  an  honeft  experienced  artift,  whom 
I often  chofe  to  deal  with  for  precious  ftones.  For,  once  confidering 
a large  lump  of  matter  with  him,  which  contained  feveral  ftones,  that 
he  took  for  coarfe  agats,  and  which  were  joined  together  by  a ce- 
ment, that  in  moft  places  was  harder  than  ordinary  ftones,  and  bore 
a better  polifh  than  marble,  I obferved  to  him,  that  there  remained 
feveral  large  cavities  in  this  cement,  which  feemed  to  have  contained 
fuch  ftones  as  now  made  part  of  the  lump  •,  upon  which  he  informed 
me,  that  feveral  of  the  ftones  grew  whilft  they  were  lodged  in  thofe 
cavities : and  when  I told  him,  that  tho’  I had  been  long  of  an  opi- 
nion, that  ftones  may  increafe  after  their  firft  formation ; yet  I did  not 
fee  how  any  fuch  thing  appeared  by  thofe  we  were  now  examining  j 
he  affured  me,  that  thefe  ftones,  after  they  were  firft  formed,  really 
tended  to  expand  themfelves  by  virtue  of  fome  principle  of  growth, 
which  he  could  not  intelligibly  defcribe  ; but  that  they,  being  lodged 
in  a cement,  extremely  hard,  and,  therefore,  not  capable  of  being  forced 
to  give  way,  their  expanfive  endeavour  was  rendered  ineffectual,  but 
notdeftroyed;  fo  that  when,  afterwards,  they  came  to  be  taken  out  of 
the  cement,  wherein  they  were  bedded,  having  their  fides  now  no  longer 
wedged  in,  they  quickly  expanded  themfelves,  as  if  it  were  by  an  in- 
ternal, and  violently  compreffed  fpring  ; and  would  prefently  burft  afun- 
der,  fome  into  two,  and  others  into  more  pieces  *,  whereof  he  gave  me 
fome,  declaring,  he  had  taken  up  thefe  ftones  himfelf,  naming  the  place, 
which  was  not  very  far  off ; that  all  he  had  told  me,  was  from  his 
own  repeated  obfervation ; and  that  I needed  not  fufpedl  the  ftrokes, 
employed  to  force  the  ftones  out  of  their  beds,  made  them  break  : 
for  befides,  that  many  of  them,  which,  it  feems,  were  not  com- 
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prefskl  enough,  remain’d  entire*,  feveral  of  thofe,  which  broke,  were  Physics. 
taken  out,  without  offering  them  any  fuch  violence,  whereto  their  burd- 
ing  could,  with  any  probability,  be  afcribed.  Faint  drokes  and  attri- 
tions may  produce  more  lading  and  operative  motions,  among  the  infenfl- 
ble  parts  of  compadt  and  folid  bodies,  than  would  be  readily  imagin’d  *, 
for  having  often  cauled  thin  glafs  veffels,  and  efpecially  urinals,  To  be 
cleaned  with  fand  and  water,  tho’  they  would  not  appear  from  hence  to 
have  receiv’d  the  lead  injury,  but  continue  entire  perhaps  for  feveral  hours  ; 
yet  they  wou’d  afterwards  break,  of  themfelves,  with  noife.  But  as  o- 
thers,  thus  cleanfed,  have  dill  remain’d  without  flaw  for  a long  feafon  *, 
this  cracking  feems  principally  to  depend  upon  the  peculiar  texture  of 
the  glafs  in  particular  veffels,  arifing  from  an  undue  mixture  of  the  in- 
gredients, or  a too  hady  or  unequal  refrigeration  of  the  parts  of  the 
metal. 

8.  One  principal  reafon  why  fuch  motions  as  we  [peak  of  are  overlooked,  Many  effeas 
is,  that  we  fcarce  ever  take  notice  but  of  thofe  motions  of  folid  bodies,  where - “rife  from  in- 
in  one  whole  body  drives  away  another , or  at  leaf  vifibly  hits  againft  it  \ whilft  te^tne  motlon * 
many  ejfefts  proceed  from  the  intejline  motions,  produced  by  the  external  agent , 
in,  arid  among  the  parts  of  the  fame  body . This  obfervation  is  likely  to 
be  more  readily  underdood,  than  granted  * and  therefore,  by  way  of 
proof,  I fhall  offer  the  following  experiments.  We  caufed  the  move- 
able  part  in  a large  brafs  dop-cock,  to  be  nimbly  turned  backwards 
and  forwards,  in  the  contiguous  cavity  made  to  receive  it : and  tho* 
this  motion  of  the  key  were  made  only  by  the  bare  hand,  yet  in  a 
fhort  time  the  mutual  attrition  of  the  contiguous  parts,  made  fo  brifk 
an  agitation  in  the  other,  that  the  metal  it  felf  fwelled,  fo  that  the 
key  could  no  more  be  turned,  but  remained  fixed,  as  if  it  had  been 
wedged  in  ; whence  to  make  it  work  as  before,  it  was  neceffary, 
by  cooling,  to  let  it  fhrink  a little,  and  fo  take  off  the  mutual  pref- 
fure  of  the  key,  and  the  other  part  of  the  dop-cock.  Nor  is  this  to 
be  looked  on  as  a cafual  experiment  *,  for,  befides  that  it  was  made 
more  than  once,  and  is  very  agreeable  to  fome  other  trials ; a ma- 
ker of  fuch  indruments  complained  to  me,  that  he  was  feveral  times 
forced  to  intermit  his  work,  and  plunge  his  indrument  into  cold  wa- 
ter, before  he  could,  by  grinding,  adjud  the  key  to  the  cavity  it 
ought  to  fit.  The  next  indance,  is  afforded  us  by  the  known  expe- 
riment of  pafling  a wet  finger  upon  the  orifice  of  the  drinking-glafs 
almod  filled  with  water:  for  tho’  the  eye  does  not  immediately  dif- 
cern  any  motion  arifing  from  the  preffure  of  the  finger,  made  by  one 
part  of  the  glafs  upon  another  *,  yet,  that  a vibration  is  thereby  pro- 
duced, may  be  argued  by  the  dancing  of  the  water,  the  numerous 
drops  that  are  made  to  leap  quite  over,  and  others  that  are  tofled  up 
to  a confiderable  height  in  the  air.  And  that  there  may  be  con- 
fiderable  motions  in  the  fides  of  the  glafs,  tho’  it  does  not  break 
feems  probable,  becaufe  a drinking-glafs  being  artificially  cut  in  a fpiral 
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Physics,  line,  inverted  and  rtiaken,  will  vibrate  up  and  down  fo,  as  to  lengthen  the 
glafs  above  a quarter  of  an  inch ; yet,  being  fet  upright  again,  it  will  re- 
fume its  former  figure,  and  appear  entire. 

That  two  pieces  of  iron  rubbed  againft  one  another,  will  acquire 
heat,  is  not  hard  to  be  believed  : but  that  an  edge-tool  of  harden- 
ed fteel,  fhould  undergo  a manifeft  and  permanent  change  in  its  tex- 
ture by  fri&ion,  may  not  feem  fo  likely ; yet  experience  fhews,  that 
fuch  an  one,  by  turning,  and  fhaving  off  the  parts  of  metal,  may  be 
brought  to  look  of  a bluifh  and  yellowifh  colour,  and  become  fo 
foft,  as  to  be  ufelefs  in  its  former  capacity,  till  it  be  again  artificially 
hardened.  A famous  jeweller  told  me,  that  when  he  polifhes  fapphires, 
rubies,  and  fome  other  forts  of  hard  gems,  upon  his  mill,  they  would 
feem,  when  the  attrition  had  made  them  very  hot,  to  be  all  on  fire, 
like  fo  many  little  coals ; and  that  each  of  them  had  the  light  it  af- 
forded, tinged  with  the  colour  proper  to  the  ftone  ; fo  that  the  ruby 
gave  a red  light,  the  fapphire  a blue,  &V.  And  a fkilful  cutter  of  dia- 
monds, and  polifher  of  gems  informed  me,  that  fometimes  when  he 
polifhed  certain  ftones,  efpecially  large  rubies,  but  perhaps  not  thick, 
he  could  plainly  perceive,  that  the  ftone  gaped  at  and  near  the  edge, 
as  if  it  begun  to  be  crack’d  ; which  fign  admonifhed  him  immediate- 
ly, to  flacken  the  motion  of  his  mill,  left  the  ftone  fhould  abfolutely 
burft  ; which  if  it  did  not,  he  could  perceive  no  flaw  in  it,  when 
throughly  cold,  but  it  appeared  as  intire  as  ever.  Fie  added,  that 
once  having  given  too  great  a degree  of  heat  to  an  oriental  topaz, 
it  crack’d  upon  the  mill,  fo  that  one  part  quite  feparated  from  the  reft, 
and  fpoiled  the  ftone  in  the  capacity  of  a gem.  And  a merchant, 
who  bought  a fine  rough  diamond  in  the  Eaft- Indies , valued  at  an  hun- 
dred pounds,  told  me,  that  it  fpontaneoufly  crack’d  upon  his  hands, 
and  became  of  little  value,  but  as  a rarity : and  I cou’d  not  but  wonder, 
to  fee  fo  fair  and  hard  a ftone  fo  oddly  fpoil’d  with  clefts.  But  the 
merchant,  upon  complaint  of  his  lofs,  learn ’d  from  thofe  of  more  ex- 
perience, that  this  was  no  fuch  ftrange  thing  as  he  imagined  •,  the  like 
having  happ  ;n’d  to  others.  Nor  is  it  always  neceflary,  that  the  matter 
which  makes  the  parts  of  an  inanimate  body  work  confiderably  on  one  ano- 
ther, fnould  be  either  very  hard,  or  impetuoufly  moved.  For,  having 
fome  fhort  bars  of  fine  tin,  I refolved  to  try  whether,  merely  with  my 
naked  hands,  I could  not  procure  a confiderable  internal  commotion 
among  its  parts  ; and  accordingly  laying  hold  on  the  two  ends  of  a bar, 
I flowiy  bent  it  backwards  and  forwards,  till  it  broke  in  the  midft ; 
when,  I perceived,  that  the  middle  parts  had  confiderably  heated  one  ano- 
ther. 

What  ufe  may  be  made  of  this  experiment,  as  to  the  hidden  caufe 
of  elafticity,  belongs  not  to  this  place  ; however,  if  the  reftitution  of 
a fpringy  body,  forcibly  bent,  proceeds  only  from  the  endeavour  of 
the  cornprefs’d  parts  themfelves,  to  recover  their  former  ftate,  one  may 
take  notice  of  the  elafticity,  that  iron,  filver,  and  brafs  acquire  by 
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hammering,  among  the  inftances,  that  fhew,  what,  in  fome  cafes,  may  Physics 
be  done  by  a motion,  wherein  the  parts  of  the  lame  body  are,  by  an 
almoft  unheeded  force,  made  to  a£t  upon  one  another.  The  forego- 
ing examples  may  alfo  fuffice,  to  fhew  how  men  are  often  unjull ly 
prepoflefled,  that  nothing  confiderable  is  to  be  expe&ed  from  the  mo- 
tion of  a body  againft  another,  unlefs  the  former  makes  a manifeft 
percuffion,  or  trufion  of  the  latter.  But,  becaufe  this  prepoffeftion  pre- 
vails efpecially  in  cafes,  where  the  body,  which  is  to  affe<ft  the  other 
by  fridion  or  attrition,  is  it  felf  foft  or  yielding,  I fhall  add  a few  in- 
ftances to  remove  the  prejudice.  An  artift,  eminent  for  grinding  of  op- 
tical glaftes,  c^nfefled  to  me,  that  fometimes,  when  he  went  to  polifh 
his  broader  glaftes,  tho*  but  upon  a piece  of  leather,  fprinkled  with  put- 
tee, the  fridion  did  fo  heat,  or  otherwife  agitate  the  parts  of  the 
glafs,  as  to  make  it  crack  from  the  edge  to  the  middle  ; which  feem- 
ed  the  more  ftrange,  confidering  what  intenfe  degrees  of  heat,  glaftes 
will  endure  without  cracking*  if  the  fire  be  but  gradually  applied  * as 
this  artift’s  glaftes  muft  have  been  gradually  heated.  But  it  may  be 
worth  inquiry,  whether  in  this  cafe,  the  whole  work  be  performed 
by  mere  heat,  or  whether  there  intervene  not  a peculiar  kind  of 
motion,  into  which  fome  bodies  are  difpofed  to  be  put  by  a pecu- 
liar kind  of  fridion,  that  feems  fitted  to  produce  in  elaftic  fubftances 
fuch  a vibrating  motion,  as  may  have  fome  confiderable  effeds,  not 
ufually  produced  by  moderate  heat,  nor  always  by  an  intenfe  one. 

The  trembling  of  the  parts  of  a drinking-glafs,  and  the  vifible  vibra- 
tion of  the  firings  of  a bafs-viol,  upon  peculiar  founds,  may  give 
countenance  to  this  conjedure.  And  that  in  fome  bodies,  fuch  a 
tremulous  motion  is  producible,  by  rubbing  them  on  fo  foft  a thing 
as  wool,  or  upon  a piece  of  cloth,  I found  by  this  experiment.  We 
caft  into  a hollow  veflel,  very  fmooth  within,  and  of  an  almoft  he- 
mifpherical  figure,  feveral  ounces  of  good  melted  brimftone  * and  ha- 
ving fuffered  it  to  coor,  and  taken  it  out,  the  convex  furface  appear’d 
well  polifh’d  ; then,  this  lump,  being  brifkly  rubbed  in  the  fame  line, 
forwards  and  backwar  s,  upon  a culhion,  in  a ftill  place,  I could,  by 
holding  my  ear  to  it,  and  attentively  liftening,  plainly  hear  a crackling 
noire  made  by  the  agitated  parts,  which  continued  in  a brifk,  and  perhaps 
a vibrating  motion  for  fome  time  after  the  Iridion  wras  ended.  And 
that  there  may  be  a confiderable  commotion  produced  among  the  in- 
ternal parts  of  bodies,  by  rubbing  them  againft  foft  ones,  I have  of- 
ten obferved  from  the  fleams  produced  by  rubbing  good  fulphur  up- 
on my  clothes:  and  ha  e found  the  l.ke  effedl  from  much  harder,  and 
clofer  bodies  rubbed  pgainfl  one  another.  For  having  purpofely  rub- 
bed two  human  calculi  againft  each  other,  they  quickly  afforded  a rank 
fmell  of  ftale  urine.  And  diamonds  themfelves  will,  by  rubbing  them 
upon  woollen  clothes,  be  made  eledlrical  *,  which  feems  to  argue,  that 
their  parts  are  thereby  fet  in  motion.  And  that  this  commotion  reaches 
to  the  internal  parts,  I am  apt  to  think,  becaufe  I have  a diamond, 
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that,  by  well  rubbing  againft  my  clothes,  will,  for  a little  while,  lliine  in  the 
dark  ; which  is  the  fame  phenomenon  I have  produced  in  the  king’s  large 
diamond,  by  giving  it  one  brifk  ftroke  with  the  point  of  a bodkin  ; where 
the  light,  which  prefently  appeared  in  the  gem,  feemed  not  referable  to 
any  thing  fo  likely,  as  to  the  hidden  commotion  made  in  the  internal  parts 
of  it. 

It  deferves  to  be  inquired  what  kinds  of  modification  of  motion  there 
are,  and  what  effe&s  they  may  have  in  the  parts  of  folid  bodies. 
For  tho’  the  hones  ufed  by  the  Italian  glafs-men,  are  very  hard,  and 
have  afforded  me  fparks  of  fire  by  collifion;  yet  by  rubbing  them  a 
little,  one  againft  another,  I found  that  fuch  an  agitation  was  caufed 
in  their  parts,  as  to  make  them  yield  fetid  exhalations.  And,  poffi- 
bly,  glafs  owes  the  quality  of  emitting  offenfive  fteams  to  the  ftony  in- 
gredient. And  it  is  remarkable,  that  tho’  fo  vehement  an  agitation  of  the 
parts,  as  is  given  to  glafs  by  heat,  when  made  almoft  red-hot,  does 
not  caufe  it  to  emit  odours;  yet  barely  by  dextroufly  rubbing  two 
folid  pieces  one  againft  another,  thofe  fixed  bodies  will  in  a minute 
yield  fteams,  fenfibly  and  rankly  fetid ; tho9  one  would  think  thefe 
exhalations  very  much  indifpofed  to  be  forced  off,  fince  they  were  not 
expelled  by  the  vehement  fire,  which  the  glafs  long  endured  in  the  fur- 
nace. 

There  are  few  things  fhew  better,  both  how  the  parts  of  unor- 
ganiz’d bodies  communicate  their  vibrating  motions  to  one  another, 
and  how  brifk  thofe  motions  are,  than  what  happens  upon  ftrik- 
ing  a large  bell  with  a clapper.  For  tho’  the  ftroke  be  immediate- 
ly made,  but  on  one  part,  yet  the  motion  produced  is  propagated  to 
the  oppofite  one  ; and  the  fucceffive  vibrations  of  the  fmall  parts,  even 
in  fo  folid  and  clofe  a body,  run  many  times  round  ; as  appears  by 
the  durablenefs  of  the  noife,  which  feems  plainly  to  proceed  from  the 
circularly  fucceffive  vibrations  of  the  parts : for,  unlefs  they  brifkly 
trembled  themfelves,  they  can  fcarcely  be  fitted  to  give  the  air  that 
motion,  whofe  effedl  on  the  ear,  we  call  ringing.  And  this  motion  of 
the  parts  of  the  founding  bell  may  be  farther  argued  from  hence, 
that  if  the  finger,  or  fome  other  foft  body,  be  laid  upon  it,  the  found 
will  be  checked,  or  deadened  ; and  much  more,  if  a broad  firing,  tho’ 
foft,  be  tied  about  it.  And  not  only  an  attentive  ear  may  fhew,  that 
the  found  is  produced  by  a motion,  propagated  circularly  in  the 
bell  ; but  this  vibration  may  fometimes  be  alfo  felt  in  the  tremulous 
motion,  communicated  by  the  trembling  parts  of  the  bell  to  the  fin- 
ger warily  applied.  That  this  motion  paffes  circularly  from  one  fide 
of  the  bell  to  the  other,  feems  manifeft  by  the  great  difference  of 
found,  obfervable  in  an  entire  bell,  and  a crack’d  one;  where  yet  all 
the  matter,  and  the  former  figure  are  preferved  ; only  the  continuity, 
which  is  neceffary  to  the  circulation  of  the  tremulous  motion,  is  hun- 
dred at  the  crack.  The  motion  of  the  parts  is  alfo  very  brisk,  fince 
if  a convenient  fized  bell  were  bound  about  with  a broad  firing,  and 
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then  ftruck  with  the  ufual  force,  and  which  it  would  otherwife  very  well  Physics 
bear,  that  percufiion  would  break  it  ; a diforderly  check  being  given  .to  u— y— 
the  brilk  motion  of  the  parts,  whereof  fome  happening  to  be  much  more 
agitated  than  others,  the  force  of  their  motion  furmounts  that  of  their  cohe- 
fion,  and  fo  produces  a crack.  But  becaufe  great  bells  are  not  eafily  to  be 
procured,  or  managed  ; I took  that  of  a large  watch,  which  had  no  handle 
put  to  it,  except  a little  wooden  bodkin,  whofe  point  we  thruft  into  the 
hole,  ufually  left  in  the  middle  of  the  bafis  ; and  this  ferving  to  keep  the 
bell  fteady,  we  placed  in  the  cavity  of  it,  near  the  edges,  fome  black  mi- 
neral fand,  or  fmall  filings  of  fteel,  copper,  or  the  like,  which  muft  not 
be  too  fmall ; and  then  ftriking  moderately  with  the  key  againfl  the  fide  of 
the  bell,  we  obferved,  that  whilft  it  continued  brifkly  ringing,  it  made 
many  of  the  filings  to  dance  up  and  down,  and  fometimes  to  leap  and  fkip 
about ; and  having  put  a middle-fized  drop  of  water,  near  the  lower  edge 
of  the  bell,  it  was  eafy  to  make  it  vifibly  tremble,  and  be,  as  it  were,  co- 
vered over  with  little  waves,  by  a brilk  ftroke  of  the  key  on  the  oppofite 
fide.  And  this  effect  was  more  confpicuous,  when  we  placed  a very  large 
drop  of  water  near  the  edge,  on  the  convex  fide  of  a hand- bell,  whofe 
clapper  was  kept  from  touching  the  infide  of  it.  And  to  obviate  their 
jealoufy,  who,  not  having  feen  the  manner  of  the  above-metioned  mo- 
tion of  the  fand,  might  fufpeCt  it  was  produced  by  the  impulfe,  which  the 
bell,  as  an  intire  body,  received  from  the  percufllon  made  by  the  key ; 
we  feveral  times  forbore  putting  in  the  filings,  ’till  after  the  ftroke  had 
been  given  ; which  fhews,  that  the  dancing  of  the  minute  bodies  proceeded 
from  the  brifk  vibrations  of  the  fmall  parts  of  the  bell,  which,  at  the  fame 
time,  ftriking  the  air  alfo,  produced  a ringing  found,  that  might  very 
well,  as  it  did,  out-laft  the  fkipping  of  the  filings  \ the  exceedingly  mi- 
nute particles  of  the  air,  being  much  more  eafy  to  agitate,  than  the  com- 
paratively grofs  and  heavy  corpufcles  of  the  powder  : and  this  was  the  fuc- 
cefs  of  our  experiment  in  a bell,  that  little  exceeded  an  inch  and  an  half  in 
diameter. 

Thefe  obfervations  I prefume  will  fhew,  that  fuch  local  motions,  as  are 
ufually,  either  paflfed  over  unregarded,  or  thought  not  worth  the  notice, 
may  have  a confiderable  operation,  if  not  upon  the  generality  of  bodies, 
yet  upon  fuch  as  are  peculiarly  difpofed  to  admit  it  ; and  fo  have  a confi- 
derable fhare  in  the  production  of  feveral  phenomena  of  nature,  which  are 
commonly  referred  to  lefs  genuine,  and  <lefs  intelligible  caufes. 
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MAGNETISM. 


SECT.  I. 

THOUGH  the  virtues  of  the  load-ftone  are  reckon’d  among  qua- 
lities the  moft  occult,  yet  I fhall  attempt  to  fhew,  that  fome,  e- 
ven  of  thefe,  may  be  introduced  into  bodies,  by  mechanical 

changes. 

Iron  may  a St  And,  i.  To  fhew  that  magnetifm  proceeds  not  from  the  fubftan- 

as  a load - tial  form  of  the  load-ftone  ; a piece  of  fteel  fitly  fhaped,  and  well 

fione.  excited,  will,  like  a load-ftone,  have  its  determined  poles,  and  with 

them  point  north  and  fouth  *,  it  will  attract  other  pieces  of  iron  and 
fteel,  and,  which  is  more,  communicate  to  them  the  fame  kind  of 
virtue,  with  it  felf-,  and  thefe  faculties  it  pofleftes,  not  as  light  and 
tranfient  imprelftons,  but  fettled  powers,  and  may  retain  them  for 
many  years,  if  the  load-ftone,  to  which  it  was  duly  applied,  were  vi- 
gorous. Now,  in  a piece  of  fteel  or  iron  thus  excited,  it  is  plain, 
that  the  magnetic  operations  may  be  regularly  performed,  for  fucceed- 
ing  years,  by  a body,  to  which  the  form  of  a load-ftone  doth  not  be- 
long *,  fmce,  as  it  had  its  own  form  before,  fo  it  retains  the  fame  ftill ; 
continuing  as  malleable,  fufible,  &c.  as  an  ordinary  piece  of  the  fame 
metal  unexcited : fo  that,  if  there  be  introduced  a fit  difpofition  into 
the  internal  parts  of  the  metal,  by  the  adtion  of  the  load-ftone,  the 
metal,  continuing  of  the  fame  fpecies  it  was  before,  will  need  nothing, 
but  the  continuance  of  that  acquired  difpofition,  to  make  it  produce 
magnetical  effedts.  And  if  this  difpofition,  or  -internal  conftitution  of 
the  excited  iron  be  deftroyed,  tho*  the  form  of  the  metal  be  not  at  all 
injured,  yet  its  power  of  attradlion  will  be  abolifhed  \ as  appears,  when 
fuch  an  excited  iron  is  made  red-hot  in  the  fire,  and  fuffered  to  cool  a- 
gain. 
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A load-ftone,  alfo,  may  eafily,  by  ignition,  be  deprived  of  its  power  of  Physics. 
fenfibly  attracting  iron,  and  yet  continue  a true  load-flone  in  other  ca- 
pacities  ; which,  according  to  the  vulgar  philofophy,  ought  to  depend  Metical 
upon  its  fubftantial  form:  and  the  load-ftone  thus  ipoiled  may,  notwith 
(landing  this  form,  have  its  poles  altered,  at  pleaiure,  like  a piece  o f duy  produced, 
iron.  dejiroy  dy  or 

And,  tho’  it  be  generally  taken  for  granted,  that  in  a found  load-*^’^  inthe 
(lone,  never  injured  by  the  fire,  not  only  the  attractive  power,  but  loadPoneand 
the  particular  virtue,  which  it  hath,  to  point  conflantly,  with  one  of 
its  determinate  extremes,  to  one  determinate  pole,  flows  immediately 
from  its  fubftantial,  or  at  lead  efiential  form  •,  yet  this  form,  remain  - 
ing  undeftroyed  by  fire,  the  poles  may  be  changed : for  taking  a very 
fmall  fragment  of  a load-ftone,  I found,  that  by  applying  fometimes 
one  pole,  and  fometimes  the  other,  to  the  poles  of  a very  vigorous 
load-ftone,  I could  change  the  poles  of  the  little  fragment ; tho*  by 
applying  a larger  piece,  I was  not  able,  in  many  more  hours,  than  I 
employ’d  minutes  before,  to  make  any  fenfible  change  of  the  poles. 

And  this  I hope  may  (hew,  that  how  unanimoufly  foever  men  have 
deduced  all  magnetic  operations  from  the  form  of  the  load-ftone,  yet 
fome  internal  change  of  pores,  or  other  mechanical  alterations,  or  in- 
ward difpofition,  either  of  the  excited  iron,  or  of  the  load-ftone  itfelf, 
will  difable,  or  enable  a body  to  perform  fome  determinate  magneti- 
cal  operations.  I (hall  now  add  fome  farther  particulars,  to  make  it 
probable,  that  magnetical  qualities  may  be  mechanically  produced  or 
altered. 

2.  I have  often  obferved  in  the  (hops  of  artificers,  that,  when  well- 
tempered  tools  are  heated  by  attrition,  and  apply’d  to  filings,  or  chips 
of  fteel,  or  iron,  they  will  take  them  up,  as  if  the  inftruments  were 
touched  by  the  load-ftone  : but  as  they  will  not  do  this,  unlefs  they 
are  excited  by  friClion,  which  makes  a great  commotion  in  the  inner 
parts  of  the  fteel  * fo  they  retain  not  fuch  a vigorous  magnetifm,  after 
they  are  grown  cold  again  : as  appears  by  the  barely  rubbing  a piece  of 
fteel  againft  the  floor,  till  it  gains  a fufHcient  heat  •,  for  whilft  it  continues 
fo,  it  difcovers  a manifeft  attradlive  power,  but  lofes  it  upon  growing 
cold. 

3.  *Tis,  likewife,  obferv’d,  that  the  iron  bars  of  windows,  by  having 
flood  very  long  in  an  eredl  pofture,  may  grow  magnetical  •,  fo  that  if 
you  apply  the  north  point  of  a poifed  needle  to  the  bottom  of  the  bar, 
this  will  drive  it  away,  and  attradl  the  fouthern  j and  if  you  raife  the 
magnetic  needle  to  the  upper  part  of  the  bar,  and  apply  it  as  before, 
this  will  draw  the  northern  extreme,  which  the  other  end  of  the  bar  re- 
peled  •,  probably,  becaufe  the  bar  is,  in  tradl  of  time,  by  the  conti- 
nual adlion  of  the  magnetical  effluvia  of  the  terraqueous  globe,  turned  in- 
to a kind  of  magnet,  whofe  lower  end  becomes  the  north-pole  of  it,  and 
the  ether  the  fouth. 
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Physics.  4-  I have  Found,  indeed,  that,  if  a bar  of  iron,  which  has  not  flood 
long  ‘m  an  ered  pofture,  be  but  held  perpendicular,  the  experiment 
will  fucceed  ; but  then  this  virtue,  difplay’d  by  the  extremes  of  the 
iron,  will  be  fo  tranfient,  that  if  the  bar  be  but  inverted,  and  held 
again  upright,  that  end,  which  juft  before  v/as  the  upper moft,  and 
drew  the  north  point  of  the  needle,  will  now,  being  lowermoft,  drive 
it  away  *,  which  will  not  happen  to  a bar,  that  has  been  for  fome 
years  kept  in  the  fame  pofition.  So  that,  fince  length  of  time  is 
requifite  to  make  the  verticity  of  a bar  of  iron  fo  durable,  that  the 
fame  extreme  will  have  the  fame  virtues,  with  regard  to  the  magne- 
tic needle,  whether  it  be  the  upper,  or  the  lower  end  of  the  bar  ; 
it  feems  not  improbable,  that  by  length  of  time,  the  whole  magnetic 
virtue  of  this  iron  may  be  increafed,  and,  confequently,  fome  degree 
of  attraction  acquired.  And  from  hence,  I fhall  endeavour  to  explain 
that  ftrange  phenonemon,  which  is  reported  to  have  happened  in  /- 
taly , the  converfion  of  an  iron-bar  into  a load-ftone,  whereof  a piece 
was  kept,  amongft  other  rarities,  in  the  repofitory  of  Aldrovandus, 
For,  considering  the  greatnefs  of  its  Specific  gravity,  the  malleablenefs, 
and  other  properties,  wherein  iron  differs  from  load-ftone,  I cannot  ea- 
fily  believe,  that  by  fuch  a way,  as  is  mentioned,  a metal  fhould  be 
turned  into  a ftone.  Indeed,  the  ftory  is  imperfedly  told } the  chiefeft  1 
and  cleared  thing  in  it  being,  that  at  the  top  of  the  church  of  Ari- 
mini , a great  iron-bar,  placed  there  to  Support  a crofs  of  an  hundred 
pound  weight,  was,  at  length,  turned  into  a load-ftone.  But  whether 
the  reality  of  this  tranfmutation  was  examined,  and  how  it  appeared, 
that  the  fragment  of  the  load-ftone,  prefented  to  Aldrovandus , was  ta- 
ken from  that  bar  of  iron,  I am  not  fatisfy’d  by  the  narrative.  There- 
fore, considering  the  great  refemblance  I have  Sometimes  Seen  in  co- 
lour, befides  other  manifeft  qualities,  betwixt  fome  Ioad-ftones,  and 
fome  coarfe,  or  almofl  rufty  iron,  I am  tempted  to  think,  that  thofe 
who  obferv’d  this  iron  bar,  when  broken,  to  have  acquired  a ftrong 
magnetical  virtue.,  which  they  never  dreamed,  wou’d  be  communicated 
in  trad  of  time,  might  be  eafily  perfuaded,  by  this  virtue,  and  the 
refemblance  of  colour,  that  the  iron  was  turned  into  load-ftone  ; espe- 
cially, they  being  prepoffeffed  with  that  Ariftotelian  maxim,  whence 
the  relator  would  explain  this  phenomenon,  that  Similar  things  are  eafily 
changed  into  each  other. 

5.  But,  leaving  this  as  a bare  conjedure,  we  find,  that  what  vir- 
tue an  oblong  piece  of  iron  may  need  a long  trad  of  time  to  ac- 
quire, by  help  only  of  its  pofition,  may  be  foon  imparted  to  it,  by 
means  of  the  fire  *,  as  is  very  obfervable  in  tongs,  and  fuch  like  iron 
utenfils,  which  have  been  Set  to  cool,  leaning  againft  fome  wall  or 
other  prop,  that  kept  them  in  an  ered  pofture ; which  renders  it 
probable,  that  the  great  commotion  of  the  parts  made  by  the  vehe- 
ment heat  of  the  fire,  difpofed  the  iron,  whilft  it  was  yet  Soft,  its 
pores  lax,  and  parts  more  pliable,  to  receive  much  quicker  impref- 
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fions  from  the  magnetical  effluvia  of  the  earth,  than  it  would  have  Physics 
done,  if  it  had  (till  been  cold.  And  it  is  very  remarkable,  what  dif- 
ferent  effe&s  are  produced,  by  the  operation  of  the  fire,  upon  two 
magnetic  bodies,  according  to  their  refpe&ive  conflitutions.  For,  by 
keeping  a load-ftone  red-hot,  tho’  you  cool  it  afterwards  in  a per- 
pendicular pofture,  you  may  deprive  it  of  its  former  power  of  at- 
tracting. But  a bar  of  iron  being  heated,  and  fet  to  cool  perpendicu- 
larly, thereby  acquires  a manifcft  verticity.  Of  which  differing  events, 
poffibly  the  reafon  is,  that  the  peculiar  texture  and  conflitution  which 
makes  a load-ftone,  fomewhat  more  than  an  ordinary  ore  of  iron,  its 
ufual  ingredient,  being  fpoiled  by  the  violence  of  the  fare,  ’tis  left 
in  the  condition  of  common  iron,  or  iron-ore  •,  whereas  the  fire  fof- 
tens  the  iron  itfelf,  agitating  its  parts,  and  making  them  more  flexi- 
ble ; and  by  relaxing  its  pores,  difpofes  it  to  be  eafily  pervaded  by 
the  magnetical  fleams  of  the  earth:  from  which  it  may,  probably,  re- 
ceive its  verticity  : and  this  the  rather,  becaufe,  I have  often  try’d,  if 
an  oblong  load-flone,  once  fpoiled  by  the  fire,  be  thoroughly  heated, 
and  cooled  either  perpendicularly,  or  lying  horizontally,  north  and 
fouth,  it  may,  as  well  as  a piece  of  iron,  treated  in  the  fame  man- 
ner, be  made  to  acquire  new  poles,  or  to  change  the  old  ones,  at 
pleafure.  But  whatever  caufes  the  different  effeCl  of  the  fire  ujron  a 
found  load-flone,  and  a bar  of  iron,  it  feems  to  ftrengthen  our  con- 
jeClure,  that  magnetical  operations  may  much  depend  upon  mechanical 
principles.  . 

I may  add,  that  having  brought  a large  piece  of  a certain  kind  of 
Englijh  oker  to  a convenient  fhape;  though,  till  it  was  altered  by  the  fire, 
it  dilcovered  no  magnetical  quality  •,  yet  after  it  had  been  kept  red-hot 
in  the  fire,  and  fuffered  to  cool  in  a convenient  pofture,  it  was  ena- 
bled to  operate  magnetically  upon  a poifed  needle. 

6.  The  magnetical  virtue  in  a body  may  be  abolifhed  without  de- 
ftroying  the  fubftantial  or  effential  form,  and  without  fenfibly  adding, 
diminifhing,  or  altering  any  thing,  of  the  fait,  fulphur,  and  mercury, 
whereof  chymifts  prefume  iron  and  fteel  to  be  compofed.  For,  it 
has  been  fometimes  obferved,  that  the  bare  continuance  of  a load- 
flone  itfelf,  in  a contrary  pofition  to  that,  which,  when  freely  placed, 
it  feems  to  affecl,  has  either  changed,  or  lenfibly  leffened  the  virtue 
of  it.  And  having  a load-ftone,  whofe  vigour  was  very  extraordinary, 

I lock’d  it  up  in  a cabinet  ; but  when  I had,  fome  time  after, 
occafion  to  make  ufe' thereof,  I found  it  fo  exceedingly  decay’d,  as 
to  its  attractive  power,  that  I refufed  to  employ  it  in  any  cafes  of 
moment. 

7.  But  this  degeneration  of  the  magnetical  virtue,  which  may,  in 
tra£l  of  time,  happen  to  a load-ftone,  will,  in  a moment,  be  made  by 
the  help  of  that  ftone,  in  an  excited  needle.  For  a well-poifed  needle, 
being,  by  the  touch  of  a good  load-ftone,  brought  to  turn  one  of 
its  ends  to  the  north,  and  the  other  to  the  fouth,  may,  by  a con- 
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trary  touch  of  the  fame  load-ftone,  be  deprived  of  the  Faculty  it  had 
of  diredting  its  determinate  extremes,  to  determinate  poles.  Nay,  by 
another  touch,  the  needle  may,  prefently,  have  its  direction  fo  changed, 
that  the  end,  which  before  pointed  to  the  north,  fhall  now  regard  the 
fouth.  And,  to  make  it  more  probable,  that  the  change  of  mag- 
netifm  may  be  produced  by  mechanical  operations,  procuring  fome 
change  of  texture  in  the  iron,  I fhall  add,  that  if  a rod  of  iron,  by 
being  heated,  fuffered  to  cool  north  and  fouth,  and  hammered  at  its 
ends,  be  very  manifeftly  endowed  with  a magnetical  virtue,  this  virtue 
will,  in  a moment,  be  deftoryed,  by  two  or  three  fmart  blows  of  a 
flrong  hammer  upon  the  middle  of  it  *. 


• Sir  If.  Newton  tells  us,  that,  “ Magne- 
“ tifm  differs  from  gravity,  becaufe  magne- 
44  tic  attradlion  is  not  as  the  quantity  of 
«•  matter  attradled  ; and  becaufe  fome  bodies 
44  are  thus  more  attracted,  others  lefs,  and 
4t  a greater  number  not  at  all.  Befides,  the 
4(  magnetic  force  may  be  increafed  and 
“ diminiftied  in  one  and  the  fame  body,  • 
“ and  it  is  fometimes  much  greater  in  pro- 
4t  portion  to  the  quantity  of  matter  than 
“ the  power  of  gravity  ; and  in  going  from 
44  the  magnet  decreafes  not  in  a duplicate, 
44  but  nearly  in  a triplicate  proportion  of  the 
44  diftance.”  Newton.  Princip.  p.  368. 

Mr.  Wbijion  lately  found,  that  a load- 
ftone  has  both  an  attradlive  and  a directive 
power,  independent  one  of  the  other  ; whilft 
iron  touched  by  it  has  only  the  former, 
and  will  fuffer  heel  filings  to  lie  along,  or 
ftand  perpendicularly  to  its  furface,  and  not 
like  the  ftone,  diredl  them  to  certain  angles, 
with  refpedl  to  its  fuperficies  and  axis  ; that 
Hones  of  fmall  fize  and  virtue  give  as  good 
a directive  touch  to  needles,  as  the  ftronger 
and  the  larger  ; that  the  touch  of  the  load- 
ftone  confiderably  diminifhes  the  weight 
of  the  needle;  one  of  45 84-y  grains,  lofing 
2-|  grains  thereby,  and  another  of  65726 
grains,  no  lefs  than  14  grains ; that  the 


abfolute  attradlive  power  of  armed  load- 
ftones,  is  as  their  quantity  of  furface  ; that 
the  load-ftones  attradl  needles  which  have 
been  touched,  and  others  which  have  not 
been  touched,  with  equal  force,  at  unequal 
diftances ; that  both  poles  of  a ftone  equally 
attradl  needles  before  the  touch,  upon  which 
it  is,  that  one  pole  begins  to  atradl  one  end, 
and  repel  the  other  ; tho’  the  repelling  pole 
will  ftill  attradl  upon  contadl,  or  at  a very 
fmall  diftance  ; that  the  attradlive  power  of 
loadftones,  is  in  the  fefqui-duplicate  proportion 
of  the  diftances  of  their  furfaces,  from  the 
needle  reciprocally  ; that  the  entire  power 
of  magnetifm  in  this  country,  as  it  affedls 
needles  of  a foot  long,  is  to  that  of  gra- 
vity, as  1 to  300  ; that  the  quantity  of 
the  magnetic  power,  accelerating  the  fame 
dipping-needle,  ofcillating  in  different  ver- 
tical plains,  is  as  the  cofine  of  the  angle 
made  by  thofe  plains,  and  the  magnetic 
meridian  taken  on  the  horizon  ; and  laftly, 
that  the  times  of  ofcillation  and  vibration  in 
dipping,  and  horizontal  needles,  equally 
good,  is  as  their  lengths  diredlly  ; and  the 
adlual  velocity  of  their  points  along  their 
arcs  always  equal.  See  Wbiflon%  Dipping- 
needle , and  Pbilof  Tranf.  paflim. 
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THE  load-ftone  is  fo  ftrange  a body,  and  its  ufefulnefs  to  mankind  Experiments 
already  fo  great,  that  it  were  inexcufable  to  negledt  any  pheno - and  obfewa- 
mena  that  diredtly  relate  to  fo  abftrufe  a fubjedt.  But  in  the  prefent  in-  tlons  uPon  [ht 
quiry,  I principally  intend  to  make  the  load-ftone  rather  the  object,  than  lT^Qne  lt 
the  inftrument  of  my  experiments  ; by  working  on  the  very  fubftance  of 
the  ftone,  not  fo  much  to  advance  or  apply  its  faculties,  as  to  weaken 
and  deftroy  them,  in  order  the  better  to  underftand  them.  Having,  there- 
fore, procured  a confiderable  number  of  naked  load-ftones,  moft  of  them 
coarfe,  differing  in  fize,  ihape,  colour,  and  countries  ; I made  feveral 
trials  upon  them. 

I.  And,  firft,  having  made  feveral  load-ftones  glowing  hot,  and  re- 
moved them  from  the  fire  till  they  grew  cold  again,  I found  a great 
difparity  of  the  vifible  fubftance  whereof  they  confifted,  and  the  rriani- 
feft  ftrudture  of  the  grofs  parts  that  made  them  up.  For  fome  upon 
refrigeration,  either  fell  afunder  of  themfelves,  or  grew  very  brittle  ; o- 
thers  ftill  continued  entire  \ fome  of  them,  being  broken,  looked  like  iron- 
ore  ; others  being  broken,  after  refrigeration,  appear’d  to  confift  of  flakes 
of  feveral  colours,  lying  parallel  to  one  another : and  others  again,  which, 
as  I remember,  were  Englijh , neither  appear’d  compos’d  of  any  fuch 
flakes,  nor  had  their  dark  colours  much  changed  by  the  operation  of  the 
fire,  nor  ceafed  to  be  folid  bodies. 

2.  We  could  not,  upon  fuccefiively  burning  feveral  fmall  load-ftones, 
difcern  any  fuch  blue  fulphureous  flame,  as  Porta  in  his  natural  magic  relates 
himfelf  to  have  feen,  and  judges  to  have  been,  as  it  were,  the  foul  of 
the  load-ftone  j upon  the  accefs  of  vhich,  he  fays,  it  loft  its  magnetic 
faculty  •,  which  is  moft  commonly  true  as  to  any  confiderable  degree  of 
the  attractive  power,  tho’  not  of  the  directive  faculty  or  virtue.  But  Por- 
ta might  miftake  the  fmall  flame,  which  is  often  emitted  even  by  well- 
kindled  and  glowing  charcoal,  (on  which  fort  his  load-ftone  was  placed,) 
efpecially  when  a little  blown  upon,  for  the  exhaling  foul  of  the  load-ftone ; 
or  elfe  we  may  fuppofe,  that  his  ftone  was  more  rich  in  unctuous  moifture 
than  others, 

3.  The  folidity  of  fome  Evglijh  load-ftones,  led  me,  tho’  I look’d 
upon  them  as  a kind  of  iron-ore,  to  try  whether  they  would  not 
ftrike  fire.  And  having  made  feveral  collifions  betwixt  a rough  piece, 
and  a common  fteel  * I found  it  was  poflible,  with  difficulty,  to  obtain 
fome  fparks,  tho*  they  feem’d  fmall  •,  but  brilkly  ftriking  a large 
piece  of  fmooth  load-ftone,  with  the  edge  of  a fteel  hammer,  we 
produced  numerous  fparks,  fome  of  them  of  a furprizing  bignefs  5 for 
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they  were  judged  to  exceed  the  fize  of  thofe  ufually  afforded  by  com- 
mon  flints. 

4.  For  certain  reafons,  I thought  fit  to  try  further,  whether  it  were 
not  pofiible,  to  make  load-ftones  afford  fire,  without  the  help  of  iron  or 
fteel.  I therefore  chofe  two  folid  pieces  cut  almofl  into  the  form  of 
cubes ; and  found  that  many  collifions  being  made  with  them,  efpecially 
at  the  edges,  there  were  produced,  from  time  to  time,  but  not  frequent- 
ly, fome  lparks  of  fire  •,  tho’  neither  fo  numerous,  great  or  vivid,  as  thofe 
when  the  fteel  was  employ’d. 

5.  I have  found  that  if  an  oblong  load-flone,  made  glowing  hot, 
be  cooled  perpendicularly,  the  lower  extreme  will  thereby  become  its 
north  pole  : and  now  I add,  that  if  fuch  a load-flone  be  refrigerated  per- 
pendicularly, upon  the  north  extreme  of  a much  flronger  load-flone  j 
the  weaker  flone  will  receive  impreflions,  as  if  it  were  iron,  and  its 
lower  extreme  not  be,  as  before,  by  the  magnetic  effluvia  of  the  earth, 
made  its  northern  pole  *,  but  it  will  be  contrariwife  animated  by  the 
pole  of  the  load-flone,  on  which  ’tis  cool’d  ; fo  that  the  lower  ex- 
treme of  it  will  prove  its  fouthern  pole,  brifkly  attracting  the  north 
end  of  an  excited  needle. 

6.  By  the  like  way  of  refrigeration,  I alfo  found,  that  a difanimated 
load-flone  may  be  reflored,  to  fome  degree  of  attractive  virtue  *,  for 
I try’d  that  a fmall  load-flone,  which,  after  being  made  red-hot  in 
the  fire,  and  cool’d  perpendicularly  upon  the  ground,  was  not  able 
to  take  up  a fragment  of  a needle  *,  being  again  heated,  and  not  on- 
ly cool’d  upon  the  pole  of  a flrong  load-flone,  but  fuffered  to  reft  on 
it  a while  after,  foon  grew  vigorous  enough,  to  take  up  what  it  could 
not  move  before. 

7.  I further  obferv’d,  that  tho’  a load-flone  which  had  once  pafs’d 
the  fire,  wou’d  not,  by  being  made  red-hot,  have  its  body  open’d  and 
fitted,  to  take  in  plentifully  the  magnetical  fleams  •,  would  yet,  like  a 
wire  of  iron,  acquire  a new  verticity  from  a vigorous  load-flone  •,  but 
not  be  in  many  hours  fo  vigoroufly  impregnated  with  magnetic  virtue, 
if  it  were  applied  cold  to  the  pole  of  the  animating  load-flone  •,  as  it 
would  in  a very  fhort  time,  if  being  glowing  hot  it  were  fufter’d  to 
cool  thereon. 

8.  It  has  been  obferv’d,  that  if  a load-flone  be  made  red-hot  in  the 
fire,  it  fcarce  retains  any  fenfible  attradive  virtue  ; only  it  will  be  able, 
by  being  endowed  with  a magnetifm  from  the  earth,  to  drive  away  that 
pole  of  a needle  which  agrees  in  denomination  with  that  pole  of  the 
load-flone,  whereto  it  is  applied.  But  this  is  not  ftriClly  and  univer- 
fally  true  ; for  in  fome  of  our  Englifh  load-ftones,  it  has  been  remark’d, 
that  jgnition  does  not  only  leave  them  poflefs’d  of  a directive  virtue,  but 
alfo  a confiderable  attractive  power  j fo  that  they  will  fuftain  a large 
weight  of  fteel. 
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9.  We  took  three  Englifh  load-ftones,  that  appeared  to  be  of  a ve- 
ry compadt  fubftance  ; two  of  them  not  near  half  an  inch  in  length ; 
the  other  much  greater,  being  about  an  inch  long,  and  of  a confide- 
rable  breadth,  yet  of  fmall  thicknefs : thefe  were  made  red-hot  in  a 
fire  of  well-kindled  charcoal  ; and  when  they  thorowly  glowed,  we 
removed  them,  one  after  another,  and  foon  fet  each  upon  a plate  of 
filver  *,  and  feverally  applying  a capp’d  load-ftone  to  them  whilft  yet 
red-hot,  it  feem’d  manifeft  that  the  ftone  had  not  then  fo  ftrong 
an  effedt  on  them,  as  if  they  were  not  red-hot : but  when  they  ceas’d 
to  glow,  tho’  they  were  ftill  intenfely  hot,  the  armed  load-ftone  had  a 
more  powerful  operation  on  them,  by  way  of  attradlion,  and  fuftenta- 
tion,  than  before  ; and,  alfo,  even  than  after  the  lame  ft  ones  were  grown 
cold. 

10.  This  experiment  was  repeated  with  the  two  fmaller  magnets  and 
the  greater,  with  the  like  fuccefs : and  when  they  were  grown  cold,  they 
did,  notwithstanding  their  having  been  twice  ignited,  difcover  fome  little 
magnetifm,  if  apply ’d  to  the  end  of  a well-excited  magnetic  needle, 
nicely  pois’d,  with  its  centre  of  gravity  upon  the  point  of  an  ordina- 
ry needle.  And,  I found  that  the  bigger  of  thefe  three  load-ftones,  af- 
ter the  firft,  if  not  alfo  after  the  fecond  ignition,  mov’d  the  magnetic 
needle  more  brifkly  than  one  would  have  expected  ; and  being  thruft  in- 
to filings  of  fteel,  and  then  taken  out,  it  carried  up  with  it  and  fuflained 
a confiderable  number  of  them.  Whence  we  may  conclude,  that  in  fome 
load-ftones  of  a very  folid  conflitution,  fuch  as  this  was  ; the  magneti- 
cal  virtue  is  more  radicated  or  permanent,  than  in  the  generality  of  other 
magnetic  bodies  : this  ftone  being  the  firft  wherein  I obferv’d,  after  I 
had  thorowly  ignited  it,  any  attractive  virtue  able  to  take  up  filings  of 
iron. 

ir.  We  took  the  fame  load-ftone  that  was  employ’d  about  the  Iaft 
experiment,  and  having  again  made  it  red-hot,  in  the  fire,  fuffered  it 
not  to  cool  leiflirely  in  the  air,  as  before,  but  quenched  it,  in  a ba- 
ton of  cold  water  ; intending  thereby  to  make  a double  variation  of  the 
experiment ; firft,  by  cooling  it  haftily  •,  and  next,  by  cooling  it  in  a 
fluid,  vaftly  more  denfe  or  ponderous  than  the  air.  The  event  of  the 
trial  was,  that,  upon  the  immerfion  of  the  red-hot  ftone,  there  fell  off 
tome  flaky  matter,  as  if  it  had  been  feales  of  iron  •,  and  the  ftone,  when 
cold,  would  not  take  up  any  filings  of  iron,  as  before  it  did  ; to  that 
it  appear’d  to  have  loft  much  of  the  virtue  it  to  lately  had  ; tho’  it  re- 
tain’d the  power  to  move  a well-pois’d  needle,  if  it  were  held  near,  on 
either  fide  of  the  point  of  it. 

12.  A black  oblong  load-ftone,  of  a fimilar  fubftance,  and  weighing 
near  three  drams,  having  been  made  to  glow  in  a fire  of  well-kindled 
charcoal,'  and  to  continue  in  that  ftate  for  tome  minutes  ; being  weighed 
again  as  toon  as  it  was  cool’d,  loft  about  £ of  a grain  in  weight,  and 
much  of  its  black  colour. 
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Physics.  x^.  A lump  of  iron-ore,  which  lcoked  almoft  like  a white  ftone  ra- 
J therthan  common-ore,  and  about  the  bigneis  of  two  eggs*,  being  apply’d, 
in  feveral  of  its  parts  to  an  excited  needle,  did  not  appear  to  move  it 
manifeftly.  But  being  afterwards  made  glowing  hot,  and  kept  fo  for  a 
while,  and  then  cooled  *,  it  did  in  thofe  parts,  which  feem’d  by  their 
new  colour  to  abound  with  metalline  corpufcles,  manifeftly  attract  the 
north  end  of  the  needle,  and  this  was  try’d,  both  with  a needle  of  our 
own  touching,  and  by  the  mariners  needle,  whole  Flow er-de- Luc e,  the  burnt 
ore  manifeftly  drew. 

14.  A brick  that  had  not  been  us’d,  being  faw’d  length- ways  into 
two  equal  pieces,  and  each  of  thefe  being  heated  red-hot  in  the  fire 
for  a pretty  while,  and  afterwards  fuffer’d  to  cool  north  and  fouth  ; 
thereby  acquired  a magnetical  verticity  : and  with  that  end  which  in 
cooling  refpedted  the  fouth,  faintly  drew  the  Flower -de- Luce  of  the 
mariner’s  needle  *,  and  with  the  other  end,  fomewhat  more  vigorouf- 
ly  drove  it  away,  and  a littte  attradted  the  other  extreme  of  the  nee- 
dle. 

15.  We  took  a black  load-ftone,  and  having  by  degrees  beaten  it  fmall, 
without  fuffering  it  to  touch  any  iron  or  fteel  veflel,  or  inftrument  5 we 
fet  afide  the  grofier  grains,  and  upon  fome  of  the  finer  powder  pour’d 
the  fpirit  of  common  fait,  which  had,  at  firft,  a fenfible  operation  upon 
it,  by  producing  the  fetid  fumes,  and  making  a kind  of  ebullition,  as 
that  menftruum  ufually  does  upon  filings  of  iron  or  fteel.  Neverthelefs, 
being  kept  for  a night  or  two  in  digeftion,  it  drew  a high  tin&ure  ; and 
tho’  this  was  not  at  all,  like  the  folution  of  iron  in  fpirit  of  fait,  green, 
but  ofayellowifh  brown,  not  very  remote  from  rednefs  ; yet  a little  of  it 
being  dropt  into  a frefh  infufion  of  galls,  prefently  turned  it  to  an  inky 
fubftance,  which  in  fome  pofitions  appear’d  bluilh,  as  a tindfure  of  light 
folution  of  fteel  would  have  done.  And  having  carefully  made  a folu- 
tion of  load-ftone,  with  good  Aqua  regia , it  was  thought  to  be  a fine 
folution  of  gold. 

1 6.  Having  caus’d  a weak  load-ftone  to  be  heated  red-hot,  and  after- 
wards to  be  beaten  very  fine,  I digefted  fpirit  of  fait  upon  it ; which  in  a 
few  hours  acquir’d  a tindture,  almoft  like  that  of  a troubled  folution  of 
gold.  It  ftrongly  relilh’d  of  iron,  and  a little  being  dropt  into  the  in- 
fufion of  galls,  turned  it  immediately  into  an  inky  liquor.  Part  of  this 
folution,  being  gently  evaporated,  grew  thick  like  an  extradl,  but 
did  not  feem  difpos’d  to  fhoot  into  cryftals  *,  yet  another  part  of  it,  pre- 
cipitated with  the  fait  of  tartar,  much  like  a folution  of  vitriol  5 and 
another  with  fpirit  of  fermented  urine,  gave  a large  yellowilh  red  pre- 
cipitate. 
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17,  A red  mineral  of  a confidence  between  (tony  and  earthy,  was  Physics, 
by  me  judged  to  be  a kind  of  iron-ore,  tho’  having  powder’d  fome 
of  it,  I could  not  find  that  a good  load-ftone  would  attraft  any  part 
thereof*,  I,  therefore,  caus’d  this  red  powder,  wetted  with  linfeed 
oil,  to  be  kept,  for  about  two  hours,  glowing  hot,  in  a crucible  ; by 
which  means  it  was  turn’d  blackifh.  This  dark-colour’d  powder  being 
taken  out,  and  fuffer’d  to  cool,  would  readily  adhere  to  the  fame  load- 
ftone,  almoft  as  if  it  had  been  a heap  of  filings  of  iron.  But  the  ope- 
ration of  the  fire,  perhaps,  contributed  as  much  as  the  linfeed  oil,  to 
this  change : for,  a parcel  of  the  red  powder  being  kept  ignited  in  a 
crucible,  without  the  liquor,  afterwards  appeared  magneticah 
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THAT  it  is  not  neceffary  to  make  electrical  attraction  the  ef- 
fect of  a quality,  flowing  immediately  from  a lubflantial  form* 
but  rather,  of  a material  effluvium,  iffuing  from,  and  retur- 
ning to,  the  electrical  body,  appears  from  feveral  particulars  obfervable  in 
fuch  bodies,  and  their  manner  of  acting. 

Different  hypothefes  are  advanced  to  folve  the  phenomena  of  electri- 
cal attraction.  The  firft  is  that  of  the  learned  F.  Cabeusr  who  thinks 
the  drawing  of  light  bodies  by  amber,  &V.  may  be  accounted  for, 
from  fuppofmg,  that  the  fleams,  which  iflfue  out  of  fuch  bodies,  dif- 
cufs  and  expel  the  neighbouring  air  * which,  after  it  has  been  driven 
off  a little  way,  makes,  as  it  were,  a fmall  whirl-wind,  becaufe  of  the 
reflftance  it  finds  from  the  remoter  air,  which  has  not  been  affected 
by  the  electrical  fleams  *,  and  that  thefe  fhrinking  back  fwiftly  to  the 
electric  body,  do,  in  their  returns,  bring  along  with  them  fuch  light  fub- 
flances  as  they  meet  with  in  their  way.  And  upon  this  occafion  I offer  it 
to  be  confiderkl ; whether  by  the  gravity  of  the  atmofpherical  air,  fur- 
mounting the  fpecific  gravity  of  the  rarified  atmofphere  about  the  am- 
ber, the  attraction  may  not,  in  feveral  cafes,  be  either  caufed  or  promo- 
ted. Another  hypothefis  is  that  of  Sir  Kenelm  Bigby , and  others  : ac- 
cording to  which,  the  amber  by  being  chafed,  is  made  to  emit  certain 
rays  of  unctuous  fleams,  which,  when  they  come  to  be  a little  cool- 
ed by  the  external  air,  are  lomewhat  condenfedj  and  have  loll  of 
their  former  -agitation,  fhrink  back  to  the  body,  whence  they  fallyed, 
and  carry  with  them  thofe  light  bodies,  to  which  their  farther  ends 
happen  to  adhere,  at  the  time  of  their  retraction.  And  this  way  is 
employed  alfo  by  the  learned  Gajfendus , who  adds,  that  fuch  electri- 
cal rays  being  emitted  feveral  ways,  and  confequently  crofling  one  ano- 
ther, 
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ther,  get  into  the  pores  of  the  light  body  to  be  attracted,  and,  by  means  Physics. 
of  their  crofting,  take  the  fafleV  hold  of  it,  and  have  the  greater  force 
to  carry  it  along  with  them,  when  they  fhrink  back  to  the  body,  whence 
they  were  emitted. 

A third  hypothefis  is  devifed  by  Des  Cartes , who  diftikes  the  folu- 
tions  of  others,  chiefly  becaufe  he  thinks  them  not  applicable  to  glafs, 
which  he  fuppofes  unfit  to  yield  effluvia,  tho*  it  be  an  eleCtrical  bo- 
dy *,  and  therefore  attempts  to  account  for  eleCtrical  attractions,  by  means 
of  certain  particles,  fhaped  almofl  like  fmall  pieces  of  ribband,  which 
he  fuppofes  to  be  formed  of  fubtile  matter,  harboured  in  the  pores 
of  glafs  : but  this  is  very  doubtfully  propofed,  by  the  author,  and 
feems  to  be  embraced  upon  a miflake.  He  fays,  that  electrical  efflu- 
via, fuch  as  are  fuppofed  to  be  emitted  by  amber,  wax,  &c.  cannot 
be  imagined  to  proceed  from  glafs  ; which  fuppofition  I grant  is  plauftb'e, 
but  cannot  allow  it  to  be  true.  For  as  folid  a body  as  glafs  is,  yet 
if  you  dextroufly  rub,  for  two  or  three  minutes,  two  pieces  of  it  a- 
gainfl  one  another,  you  will  find  that  glafs  is  able  to  emit  very  flrong 
effluvia. 

But  it  is  not  neceflary,  that  I fhould  here  confider,  all  that  has 
been  faid  for  and  againft  each  of  the  hypothefes  mention’d  \ fince  they 
all  agree,  that  electrical  attractions  are  not  the  effeCts  of  a mere  quali- 
ty, but  of  a material  efflux  from  the  attracting  body  5 and  all  en- 
deavour to  folve  the  phenomena  in  a mechanical  way,  without  having 
recourfe  to  fubflantial  forms  and  inexplicable  qualities,  or  fo  much  as 
taking  notice  of  the  hypoflatical  principles  of  the  chy miffs.  It  may, 
therefore,  fufflce,  that  I here  mention  fome  phenomena,  which,  in  ge- 
neral, make  it  probable,  that  amber,  &C.  draw  light  bodies,  by  virtue 
of  fome  mechanical  properties,  either  of  the  attracting,  or  attracted  bo- 
dies, or  of  both. 

1 . The  firft  and  moft  general  obfervation  is,  that  electrical  bodies  at-  <rhat  ele&ri- 
traCt  not,  unlefs  they  be  warmed ; which,  tho’  it  does  not  always  hold,  cal  bodies  a£t 
yet  ferves  to  countenance  our  doCtrine  of  corporeal  effluvia.  For  it  is  mechanically* 
known,  that  heat,  by  agitating  the  parts  of  a fit  body,  folicits  it  to  fend 

out  its  effluvia,  as  is  obvious  in  odoriferous  gums  and  perfumes,  which, 
being  heated,  emit  their  fragrant  fleams  both  farther,  and  in  greater  plen- 
ty, than  otherwife  they  would. 

2.  It  has  been  obferved,  that  amber,  warmed  by  the  fire,  does 
not  attraCl  fo  vigoroufly,  as  if  it  acquires  an  equal  degree  of  heat,  by 
chafing : fo  that  the  modification  of  motion,  in  the  internal  parts, 
and  in  the  effluvia,  may,  as  well  as  the  degree  of  it,  contribute  to  the 
attraction.  And  the  effeCt  may  often  be  promoted  by  employing  both 
thefe  ways  fucceftively  •,  as  I manifeftly  found,  by  firft  warming  am- 
ber by  the  fire,  and  prefently  after  chafing  it  upon  a piece  of  cloth  : 
as  if  the  heat  of  the  fire  had  put  the  parts  into  a general,  but  con- 
futed agitation  j to  which  it  was  eafy  for  the  fubfequent  attrition  to 
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Physics,  give  a convenient  modification,  in  a .body  whofe  texture  difpofes  it  to 
become  vigoroufly  eledlrical. 

3.  Another  obfervation  is,  that  eledtrical  bodies  require  a polifh,  as 
well  as  attrition  j and  tho’  I doubt  whether  the  rule  be  infallible,  yet 
weaker  eledlrics  require  to  be  as  well  wiped,  a9  chafed ; and  even 
good  ones  will  have  their  operation  promoted  by  the  fame  means. 
For  wiping  is  a kind  of  attrition,  and  frees  the  furface  from  what 
might  choak  the  pores  of  the  amber,  or  hinder  the  efflux  of  its 
fleams. 

4.  It  is  likewife  obferved,  that  as  tho*  magnetical  fleams  are  fo  fub- 
tile,  that  they  penetrate  thro*  all  kinds  of  mediums  hitherto  known  * 
eledlrical  effluvia  are,  like  thofe  of  fome  odoriferous  bodies,  eafily  checked 
in  their  progrefs  ; fince  the  interpofition  of  the  finefl  linen  or  farfnet, 
is  fufficient  to  hinder  all  the  operation  of  excited  amber  upon  a flraw, 
or  a feather,  placed  ever  fo  little  beyond  it. 

5.  It  has  been  alfo  obferved,  that  the  effedls  of  eledlrical  attraction 
are  weakned,  if  the  air  be  thick  and  cloudy  *,  and  efpecially,  if  a 
fouth  wind  blows  ; that  eledlrics  difplay  their  virtue  more  faintly  by 
night  than  by  day,  but  more  vigoroufly,  in  clear  weather,  and  when 
the  wind  is  northerly  •,  and  that  thofe  bodies,  which  are  but  faintly 
drawn,  when  the  weather  is  clear,  will  not  be  at  all  moved  when  it  is 
thick  and  cloudy. 

6.  We  have  alfo  obferved,  that  feveral  concretes,  which  are  notably 
eledlrical,  abound  in  a fubtile  matter,  capable  of  being  manifeflly  e- 
vaporated  by.  heat,  and  rubbing.  Thus,  mofl  refinous  gums,  which 
draw  light  bodies,  do  alfo,  being  moderately  folicited  by  heat,  emit 
fleams ; pieces  of  fulphur,  upon  due  attrition,  give  a fulphureous  fmell  ; 
and  the  piece  of  amber,  which  I mofl  employ,  and  is  fomewhat 
large,  and  very  well  polifhed,  being  rubb’d  upon  a piece  of  woollen 
cloth,  will  emit  fleams,  manifeflly  feented  of  amber. 

7.  It  agrees  very  well  with  what  we  have  faid  of  the  corporeal  ema- 
nations of  amber,  that  its  attradlive  power  will  continue,  after  it  has 
been  once  excited.  For  the  attrition  having  caufed  an  intefline  motion 
in  its  parts,  the  heat  thereby  excited  ought  not  to  ceafe,  as  foon  as 
ever  the  rubbing  is  over,  but  to  continue  capable  of  emitting  effluvia  for 
fome  time  afterwards,  longer  or  fhorter,  according  to  the  goodnefs  of 
the  eledlric,  and  the  degree  of  the  commotion  made  *,  all  which,  joined 
together,  may  fometimes  make  the  effedl  confiderable  : and  by  this  means, 
on  a warm  day,  I with  a certain  body,  not  bigger  than  a pea,  but  very 
vigoroufly  attradlive,  moved  a fteel  needle,  freely  poifed,  about  three 
minutes  after  I had  left  off  rubbing  it. 

8.  It  feems  not  importable,  that  eledlrical  effluvia  fhould  infinu- 
ate  themfelves  into  the  pores  of  many  other  bodies,  becaufe  I have 
found  them  fubtile  enough  to  attradl,  not  only  fpirit  of  wine,  but 
that  fluid,  we  call  fm oke.  For,  having  well  lighted  a wax- taper,.  I 
blew  out  the  flame,  and  when  the  fmoke  afeended,  in  a flender  flream, 
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held  at  a convenient  diftance  from  it,  an  excited  piece  of  amber,  or  Physics. 
a chafed  diamond,  which  would  manifeftly  make  the  afcending  fmoke 
turn  out  of  its  former  line,  and  beat,  as  it  were,  againft  the  electric  ; 
and  this,  if  vigorous,  would  act  at  a confiderable  diftance,  and  feem  to 
fmoke  for  a tolerable  while  after. 

9.  That  this  attraction  depends  not  on  any  particular  fympathy  be- 
tween an  electric,  and  the  body  whereon  it  operates,  feems  the  more 
probable,  becaufe  amber  attracts  not  only  one  determinate  fort  of  bo- 
dies, as  the  load-ftone  iron,  and  thofe  bodies,  wherein  it  abounds, 
but  draws  indifferently  all  bodies  whatfoever,  placed  at  a due  diftance 
from  it,  provided  they  be  minute  or  light.  But  I am  yet  in  fuf- 
penfe  as  to  its  attraction  of  fire;  for,  having  applied  a ftrong  electric, 
at  a proper  diftance,  to  fmall  fragments  of  kindled  matter,  they  were 
readily  attracted,  and  fhone,  whilft  fticking  to  the  body  ; but  looking 
attentively  upon  them,  I found  the  fhining  fparks  to  be  cloathed 
with  light  afhes,  which,  in  fpite  of  my  care,  had  been  already  for- 
med about  the  attracted  corpufcles,  upon  part  of  the  fire’s  expiring  ; . 
fo  that  it  remained  doubtful,  whether  the  kindled  corpufcles,  whilft  to- 
tally fuch,  were  attracted  ; or  whether  the  immediate  objects  of  the 
attraction  were  not  the  new-formed  afhes,  which  carried  up  with  them 
the  unextinguifhed  parts  of  the  fire,  that  chanced  to  be  lodged  in 
them.  But  as  for  flame,  our  Gilbert  delivers  it  for  his  own  experi- 
ment, that  an  electric  will  not  move  the  flame  of  the  flendereft  can- 
dle. I have  try’d  it  with  a rough  diamond,  extraordinarily  attractive  ; 
and  was  not  latisfy’d,  that  it  attracted  the  flame,  as  it  vilibly  did 
the  fmoke.  But  tho’  this  fhould  prove  an  exception  to  the  rule,  yet 

it  may  well  agree  with  my  hypothefis  ; fince  the  heat  of  the  flame  might 
diflipate  the  effluvia,  by  means  whereof  the  attraction  fhould  be  per- 
formed. The  celerity  alfo  of  the  motion  of  the  flame  upwards,  might 
render  it  very  difficult  for  the  electrical  effluvia,  to  divert  it  from  its 
courfe. 

10.  We  have  found,  that  a vigorous  piece  of  amber  will  draw,  not 
only  the  powder  of  amber,  but  larger  fragments  of  it.  And,  as  one 
contrary  directs  to  another,  fo  this  trial  fuggefted  a farther  ; which, 
in  cafe  of  fuccefs,  would  probably  argue  that  in  electrical  attraction, 
not  only  effluvia  are  emitted  by  the  electrical  body  ; but  that  thefe  efflu- 
via faften  upon  the  body  to  be  drawn,  in  fuch  a manner,  that  the 
intervening  vifcous  firings,  which  may  be  fuppofed  made  up  of  thofe 
cohering  effluvia,  are,  when  their  agitation  ceafes,  contracted,  or  made 
to  fhrink  inwards  toward  both  ends,  alrnoft  as  a highly-ftretched 
lute-ftring,  when  permitted  to  fhrink  into  ihorter  dimenfions.  But 
the  conjecture  itfelf  was  much  more  eafy  to  make,  than  the  experi- 
ment requifite  to  examine  it.  For  we  found  it  difficult  to  fufpend, 
excite  and  poife  an  electric,  fo  that  the  faint  force,  wherewith  it  at- 
tracts light  fubftanc°s,  fhould  procure  a motion  to  its  whole  body. 

But,  after  fome  fruitlefs  attempts  with  other  electrics,  I had  recourfe 
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Physics,  to  a very  vigorous  piece  of  polifhed  amber  and  when  we  had,  with 
V, /y\;  the  help  of  a little  wax,  fufpended  it  by  a filken  firing,  we  very  well 
chafed  one  of  the  blunt  edges  of  it  upon  a kind  of  large  pin-cufhion, 
covered  with  a coarfe  black  woollen  fluff ; and  then  brought  the  ele&ric, 
as  foon  as  we  could,  to  refl,  pendulous  at  the  bottom  of  the  firing. 
And  thus,  at  length,  we  found,  that  if,  as  foon  as  the  fufpended  ele&ric 
was  brought  to  fettle  freely,  we  applied  to  the  chafed  edge,  but  with- 
out touching  it,  the  cufhion,  which,  by  reafon  of  its  rough  fuperficies 
and  porofity,  was  fit  for  the  electrical  effluvia  to  fallen  upon,  the  edge 
would  manifeflly  be  drawn  afide  by  the  cufhion  fleadily  held  : and  if 
this  was  flowly  removed,  that  would  follow  it  a confiderable  way  •, 
and  when  this  body  no  longer  detained  it,  ’twould  return  to  the  pof- 
ture,  wherein  it  had  fettled  before.  And  this  power  of  approaching  the 
cufhion,  by  virtue  of  the  operation  of  its  own  fleams,  was  fo  durable  in 
our  amber,  that  by  once  chafing  it,  I was  abie  to  make  it  follow  the 
cufhion  no  lefs  than  ten  or  eleven  times. 

ii.  Other  phenomena  might  be  added  of  the  fame  tendency  *,  but, 
defigning  here  to  give  only  fome  experiments  about  the  production  of 
eleClricity,  it  will  be  fufficient  to  relate  how  I have  produced  or  de- 
flroy’d  this  quality  in  certain  bodies,  by  means  of  alterations,  which 
appeared  to  be  no  other  than  mechanical.  And  (i.)  Having,  with  a 
very  mild  heat,  flowly  evaporated  about  a fourth  part  of  good  tur- 
pentine, I found,  the  remaining  body  would  not,  when  cold,  conti- 
nue a liquor,  but  it  hardned  into  a tranfparent  gum,  almoft  like  am- 
ber, and  proved  eleCtrical.  (2.)  By  mixing  two  fuch  liquid  bodies, 
as  Petroleum , and  flrong  fpirit  of  nitre,  in  a certain  proportion,  and 
then  diflilling  them, till  there  remained  a dry  mafs,  I obtained  a brittle 
fubflance,  as  black  as  jet  * with  its  fuperficies,  where  it  was  contiguous 
to  the  retort,  gloffy,  as  that  mineral  is  when  polifhed  : and  I found 
it  farther  refemble  jet,  in  having  an  eleClrical  faculty.  (3.)  Having 
burnt  antimony  to  alhes,  and  of  thofe  alhes,  without  any  addition, 
made  a tranfparent  glafs,  I perceived  it  manifefl,  when  rubbed,  a 
confiderable  eleClricity.  And  this  is  the  more  remarkable,  becaufe,  as 
a Vitrum  Antimonii,  which  is  faid  to  be  purer  than  ordinary,  may  be 
made  of  the  regulus  of  the  fame  mineral,  in  whofe  preparation,  a 
great  part  of  the  antimonial  fulphur  is  feparated,  and  left  among 
the  S cor  ice  j fo  glafs  of  antimony,  made  without  addition,  may  eafily 
be  reduced  to  a regulus  ; a body  not  reckoned  eleClrical.  (4.)  I made 
fome  glafs  of  lead  per  fe,  which  alfo  was  not  deflitute  of  an  eleClri- 
cal virtue,  tho*  it  had  but  a very  languid  one.  And  this  glafs  might 
eafily  be  wrought  again  to  afford  malleable  lead,  which  was  never 
reckoned  among  eleClrical  bodies.  (5.)  Having  warily  diflilled  amber, 
by  itfelf,  that  I might  have  an  unmixed  Caput  mortuum , and  continued 
the  operation,  till  it  had  afforded  a large  proportion  of  phlegm,  fpirit, 
volatile  fait,  and  oil,  we  carefully  broke  the  retort,  and  took  out  the 
remaining  matter  in  a lump,  which,  tho*  it  had  quite  loft  its  colour, 
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being  burnt  black,  and  tho’  grown  ftrangely  brittle  •,  yet  this  Caput  Physics. 
mortuum  was  fo  far  from  having  loft  its  ele&rical  faculty,  that  it 
feem’d  to  attratt  more  vigoroufly  than  amber  itfelf,  before  it  is  com- 
mitted to  diftillation.  And  from  the  inftances  afforded  by  the  giafs 
of  antimony,  we  may  learn,  that  when  the  form  of  a body  feems  to 
be  deftroyed  by  analyfls,  which  diffipates  the  parts  of  it,  the  re- 
maining fubftance  may  yet  be  endowed  with  ele&ricity.  From  the 
fecond  example,  and  from  the  common  giafs,  which  is  electrical,  we 
may  alfo  learn,  that  bodies,  which  are  neither  of  them,  a-part,  endowed 
with  electricity,  may  acquire  that  virtue  in  the  compound  fubftance, 
which  they  conftitute. 

12.  To  thefe  experiments,  I fhall  add  a furprizing  phenomenon* 
which  may  help  to  make  it  probable,  that  electrical  attractions  need 
not  be  attributed  to  the  fubftantial,  or  effential  form  of  the  attrahent  ; 
but  may  be  the  effects  of  unheeded,  and  fortuitous  caufes.  That  falfe 
locks  of  hair,  brought  to  a certain  degree  of  drynefs,  will  be  attracted 
by  the  flefh  of  fome  perfons,  I had  proof  in  two  beautiful  ladies  who 
wore  them  *,  for,  at  fome  times,  I obfervkl,  that  they  could  not  keep 
them  from  flying  to  their  cheeks,  and  from  ftriking  there,  tho’  neither 
of  them  had  occafion  for,  or  did  ufe  paint.  When  one  of  thefe  beauties 
firft  fhewed  me  this  experiment,  I turned  it  to  a complement,  fufpec- 
ting  there  might  be  fome  trick  in  it,  tho*  I afterwards  faw  the  fame 
thing  happen  in  the  locks  of  the  other  too  * who  gave  me  leave  to  fa- 
tisfy  my  lelf  farther  *,  and  defiring  her  to  hold  her  warm  hand  at  a con- 
venient diftance  from  one  of  thofe  locks  taken  off  and  placed  in  the  free 
air,  as  foon  as  fhe  did  this,  the  lower  end  of  the  lock,  which  was  free* 
applied  itfelf  preiently  to  her  hand.  This  feenTd  the  more  ftrange,  be- 
caufe  fo  great  a multitude  of  hairs  would  not  have  been  eafily  attrac- 
ted by  an  ordinary  eleCtrical  body,  which  had  not  been  confiderably 
large,  or  extraordinary  vigorous.  Afterwards  I enquired  of  fome  other 
young  ladies,  whether  they  had  obferved  any  fuch  thing-,  and  one  of 
them  told  me,  fhe  had  fometimes  met  with  thefe  troublefome  locks  ; 
but  that  all  fhe  could  lay  farther  was,  that  they  feem’d  to  fly  moft 
to  her  cheeks,  when  they  had  been  put  into  a ftiff  curl,  and  when 
the  weather  was  frofty  *. 

13.  Having 


* Mr.  Stephen  Gray , found  by  trial,  that 
a feather  drawn  thro’  his  fingers  acquired  a 
degree  of  electricity,  and  would  be  attrac- 
ted by  the  finger  when  held  near  it  ; that 
a human  hair,  after  having  paffed  three 
©r  four  times  between  his  finger  and  thumb, 
would  fly  to  his  finger  at  the  difiance  of  half 
an  inch  ; and  that  the  hair  of  a dog’s  ear 
and  threads  of  filk  would  do  the  like.  His 


I trials  alfo  fucceeded  in  pieces  of  ribband  of 
feveral  colours,  and  half  a yard  long  ; fo  that 
the  hand  held  at  the  lower  end  of  any  of 
them,  would  attraCl  them  at  the  diftance  of 
five  or  fix  inches.  But  if  they  imbibed  the 
moifture  of  the  air,  their  ele&ricity  would  be 
much  weaken’d  thereby  ; tho’  in  this  cafe, 
the  fire  never  fail’d  to  give  them  a ftrong  one. 
In  Ihort,  he  found  woollen,  paper,  leather, 

wood- 
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Physics.  13.  Having  moderately  excited  a large  vigorous  piece  of  amber,  I 
held  a downy  feather  fo  clofe  to  it,  that  the  neareft  part  thereof  was 
drawn  by,  and  (luck  fall  to  it  •,  the  remoter  parts  continuing  in  their 
former  pofture  : then  applying  my  finger  to  the  ereCt  downy  part, 
it  immediately  left  its  pofture,  and  applied  itfelf  to  my  finger,  as  if 
that  had  been  an  eleCtrical  body.  And  whether  I offered  my  nail,  or 
the  pulp  of  my  finger  thereto,  or  held  it  towards  the  right  hand, 
the  left,  or  direCtly  over  the  hairs  or  feathers,  which  were  near  the  little 
quill,  they  fuddenly,  and  for  aught  that  appeared,  equally  turn’d 

towards  them,  and  faften’d  themfelves  thereto.  And  to  fhew,  that 
the  fteams,  which  iffued  out  of  my  finger,  were  not  neceflary  to  at- 
tract thefe  hairs,  I applied  to  them,  after  the  fame  manner,  a little 

cylindrical  inftrument  of  filver,  to  which  they  bowed,  and  faftened 
themfelves,  as  they  had  done  to  my  finger  *,  tho’  the  tip  of  this  in- 
ftrument was  prefented  to  them  in  feveral  poftures.  The  like  fuc- 
cefs  I had  with  the  end  of  an  iron  key,  and  alfo  with  a cold 

piece  of  polifhed  black  marble  : and  fometimes  the  hairs  fo  readily 
faftened  themfelves  to  thefe  extraneous,  and  unexcited  bodies,  that 
I have  been  able  to  make  one  of  them  draw  the  feather  from  the 
amber  itfelf.  But  it  is  to  be  obferved,  that  this  unufual  attraction 
happened,  only,  whilft  the  eleCtrical  operation  of  the  excited  amber 
continued  ftrong  enough  to  fuftain  the  feathers.  For  afterwards,  nei- 
ther the  approach  of  my  finger,  nor  that  of  the  other  bodies,  would 
make  them  change  their  pofture  ; yet  as  foon  as  ever  the  amber  was 
excited  again  by  a little  friCtion,  the  feather  would  be  difpofed  to  ap- 
ply itfelf  again  to  the  bodies  mentioned.  And  left  there  fhould  be 
any  peculiarity  in  that  particular  feather,  I made  trials  with  others,  and 
found  the  experiment  to  anfwTer  in  the  fame  manner.  I made  the  ex- 
periment alfo  at  different  times*,  at  fome  months  interval,  but  ftill  with 
the  like  fuccefs.  And  farther,  I found  the  like  fuccefs,  when,  in  place 
of  amber,  I fubftituted  another  eleCtric,  and  particularly  a fmooth 
mafs  of  melted  brimftone. 


wood-ftravings,  parchment,  and  gold-bea- 
ters {kin,  to  be  electrical,  and  that  they 
not  only  came  to  the  hand,  or  any  other 
folid  body,  but  attracted  {mail  bodies  to 
them,  fometimes  at  the  diftance  of  eight 
or  ten  inches.  Some  of  thefe,  alfo,  ap- 
pear’d luminous  upon  friction.  See  Philof, 
Tranf  N°.  366.  p.  104. 

The  late  Mr.  Haukjlee , difcover’d  a 
furprizing  kind  of  electricity  in  glafs.  A 
tube  of  that  metal  he  found,  wou’d, 
when  rubbed,  varioufly  attraCl  pieces  of 


leaf-brafs,  at  a confiderable  diftance,  and 
with  greater  force , the  more  the  tube 
was  heated  by  rubbing  ; tho*  this  it  did 
differently,  according  to  the  different  tem- 
per and  conftitution  of  the  air.  He  al- 
io found  that  the  effeCt  ceafed,  or  was  de- 
ftroy'd,  upon  exhaufting  the  air  out  of  the 
tube,  but  that  it  return’d  in  a confidera- 
ble degree,  upon  its  re-ad  million,  with- 
out any  new  attrition.  Haukjbee' s Expe- 
rt menti,  p.  53. 

I 


/ 


^Electricity. 


5r3 


I alfo  found,  that  a vigorous  piece  of  amber,  which  I caufed  to  be  pur- Physics. 
pofely  turn’d,  and  polifli’d  for  eleCtric  experiments,  wou’d,  in  warm  wen- 
ther,  manifestly  retain  the  power  of  attracting  for  feveral  minutes  *,  and  it 
has  dirr’d  a poifed  needle,  a quarter  of  an  hour  after  it  lud  been  chafed. 

This  piece  of  amber,  being  fird  well  rubb’d,  we  lufpended  over  a draw, 
a feather,  or  other  light  body  in  a glafs  receiver,  and  prefently  exhaud- 
ing  the  glafs  of  air,  we  let  down  the  amber  till  it  came  very  near 
the  draw  or  feather,  and  perceived,  in  fome  trials^  that  upon  the  lead 
contaCt  it  wou’d  raife  them  up,  and  in  others,  without  touching,  attraCt 
them. 

14.  But  the  event  of  eleCtrical  experiments  is  not  always  fo  certain, 
tis  that  of  many  others  *,  being  fometimes  much  varied  by  feemingly 
flight  circumflances,  and  now  and  then  by  fome,  which  are  altoge- 
ther over-looked.  And  it  is  not  fo  certain,  as  many  think,  whether 
fome  particular  bodies  be,  or  be  not  eleCtrical.  For  Kircher  reckons 
crydal  among  thofe  gems,  that  have  not  the  attractive  power,  we  are 
fpeaking  of ; yet  I remember  not,  among  all  the  trials  I have  made  with 
native  crydal,  to  have  found  any  piece  deditute  of  it.  A late  writer, 
alfo,  reciting  the  electrics,  reckoned  up  by  Gilbert , and  increaling  the 
number  with  fome  obferved  by  himfelf,  denies  electricity  to  the  cor- 
nelian, and  the  emerald.  I the  lefs  wonder  he  fliould  do  it  to  the 
former,  becaufe  I have  my  felf  in  vain  tried  to  make  any  attraction 
with  a piece  of  cornelian,  fo  large  and  fo  fair,  that  it  was  kept  for 
a rarity  ; yet  with  feveral  other  fine  cornelians,  I have  been  able  to 
attract,  very  manifedly,  fome  light  bodies  : and  I ufually  -wear  a cor- 
nelian, which  is  richly  endowed  with  electricity.  And  as  for  eme- 
ralds, I have,  indeed,  feen  a done,  which,  tho’  green,  had  a vigorous 
electricity  : this,  however,  was  not  a true  emerald,  but,  which  is  rare,  a 
green  fapphire : and  I learned  of  the  jeweller,  who  cut  it,  that  it  was 
fo  far  from  having  the  foftnefs  of  an  emerald,  that  he  found  it  even 
harder  than  a blue  fapphire.  Without,  therefore,  concluding  any  thing 
from  this  experiment,  except,  that  the  want  of  an  eleCtrical  faculty 
might  be  thought  a concomitant,  rather  of  the  peculiar  texture  of 
the  emerald,  than  of  its  green  colour,  I proceeded  to  make  trial  with 
three  or  four  true  emeralds,  and  found  them  all  fomewhat,  tho’  not 
equally  eleCtrical  : and  tho’  by  this  fuccefs,  I could  not  gain  a new 
way  to  judge  of  true  and  falfe  emeralds,  yet  the  rule  I hoped  to  have 
edablifh’d  in  thefe,  may  be  of  ufe  in  edimating,  whether  diamonds 
be  genuine  or  counterfeit.  For  tho’  glafs  hath  a faint  electricity,  that 
of  diamonds  is  exceeding  vigorous.  And  I do  not  remember  to  have 
met  with  any  eleCtric  of  the  fame  bulk,  more  vigorous,  than  a rough 
# diamond  I have.  But  as  it  has  been  obferved,  that  diamonds  attraCt 
better  whild  rough,  than  after  they  are  cut  and  polilhed  ; this  feems 
to  contradict  what  we  faid  of  other  eleCtrics,  that  they  attraCt  more 
vigoroufly,  if  the  furface  be  made  very  fmooth,  than  otherwife:  but 
V ol.  I.  U u u the 
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the  great  rapidity,  with  which  the  wheels  thatferve  to  cut  and  polilh 
diamonds  muft  be  moved,  excites  a great  degree  of  heat  in  the  (lone  ; 
whereby,  perhaps,  it  lofes  its  exhalable  matter  fo  plentifully,  as  to  impo- 
yeriih  it : and,  perhaps,  alfo,  fome  little  change  may  be  hereby  made  in 
ds  texture,  which  indifpofes  it  to  emit  fuch  effluvia,  as  are  the  inftruments 
ot  electrical  attraction.  But  as  I willingly  leave  the  matter  of  faCt  to  far- 

ther  trial ; fo  I do  the  caufe  of  it,  in  cafe  that  proves  true,  to  farther  in- 
quiry. r 
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PRECIPITATION. 

BY  precipitation,  I here  mean  fuch  an  agitation,  or  motion  of  an  Precipitation, 
heterogeneous  liquor,  as  makes  the  parts  of  it  fubfide  in  the  formw^- 
of  a powder,  or  other  confident  body.  And  as  chymifts  call  the 
fubftance,  which  thus  falls  to  the  bottom  of  the  liquor,  precipitate  ; fo 
we  fhall  term  the  body,  put  into  the  liquor,  the  precipitant  ; that 
which  is  to  be  {truck  down,  the  precipitable  fubftance  or  matter ; and 
the  liquor,  wherein  it  fwims  before  the  feparation,  the  menftruum  or 
folvent.  When  the  fall  of  a body  is  procured  by  a precipitant,  the 
operation  is  called  precipitation,  in  the  proper  or  ftridl  fenfe : but  when 
the  feparation  is  made  without  any  fuch  addition,  or  when  the  fub- 
ftance feparated  from  the  fluid  part  of  the  liquor  emerges,  inftead  of  fub- 
fiding,  then  the  word  is  ufed  in  a more  comprehenfive,  but  lefs  proper 
fenfe. 

The  very  name  of  precipitation  having,  in  its  chymical  fenfe,  been  Its  caufe  m- 
fcarce  heard  of  in  fhe  peripatetic  fchools,  it  is  not  to  be  expedted,  iuired  inta • 
that  they  fhould  have  given  us  the  reafons  of  the  thing.  And  it  is  ' 
likely,  that  thofe  fefcv  Ariftotelians , who  have  taken  notice  of  this  ope- 
ration, would,  according  to  their  cuftom  on  fuch  occaflons,  have  re- 
courfe  to  fome  Ibcret  fympathy  or  antipathy  between  the  bodies, 
whofe  adtion  an<f  re-adtion  appears  in  this  procefs.  And  thus  fome 
chymifts  afcribe  precipitation,  either  to  a fympathy  betwixt  the  pre- 
cipitating body  and  the  menftruum,  which  makes  the  folvent  run  to 
the  embraces  of  the  precipitant,  and  fo  let  fall  the  particles  of  the 
body  fuftained  before  j or  to  a great  contrariety  between  the  acid 
fait  of  the  . menftruum,  and  the  fixed  fait  of  the  oil,  or  folution  of 
calcined  tartar,  which  is  the  moft  ufual  precipitant  they  employ.  But 
I fee  not  how  either  of  thefe  caufes  will  reach  to  all  the  phenomena 
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Physics,  exhibited,  or  give  a true  account  of  fome  of  thofe,  to  which  it  feems 
applicable.  For  firft,  in  precipitations,  wherein,  what  they  call  a fym- 
pathy  between  the  liquors,  is  fuppofed  to  produce  the  effedt  ; this 
iympathy  does  not  ftiew  fuch  an  occult  quality  as  is  prefumed,  but 
rather  confifts  in  a greater  correfpondence,  as  to  bignefs,  fhape,  mo- 
tion, and  pores  of  the  minute  parts,  between  the  menftruum  and  the 
precipitant,  than  between  the  fame  folvent,  and  the  body  it  before  kept 
difiolved.  And  tho*  this  fympathy,  rightly  explained,  may  be  allow- 
ed to  have  an  intereft  in  fome  fuch  precipitations,  as  let  fall  the  dif- 
folved  body  in  its  priftine  nature  and  form,  only  reduced  to  minute 
powder ; yet  in  the  generality  of  precipitations,  this  dodlrine  will  fcarce 
hold  : for  in  fome  that  we  have  made  of  gold  and  filver,  in  proper 
menftruums,  after  the  fubfiding  matter  had  been  well  wafhed  and 
dried  *,  I found  the  powder  to  exceed  the  weight  of  the  gold  and  fil- 
ver put  to  difiolve : and  the  eye  it  felf  fufficiently  dilcovers  fuch  pre- 
cipitates not  to  be  mere  metalline  powders,  but  compofitions,  confift- 
ing  not  of  the  combined  falts  alone,  but  of  the  metalline  parts  alfo  •, 
as  may  be  concluded  from  the  ponderofity  of  feveral  of  them  in  re- 
fpedt  to  their  bulk,  and  from  their  reduction  to  true  malleable  me- 
tals. 

The  other  chymical  way  of  explaining  precipitations,  may,  in  a pro- 
per fenfe,  be  ufed  on  fome  particular  occafions ; but  I think  it  much 
too  narrow,  and  defective,  in  general.  For  firft,  it  is  plain,  that  not 
only  fait  of  tartar,  and  other  fixed  alkalies,  precipitate  moll  bodies, 
which  are  difiolved  in  acid  menftruums  *,  as  in  making  of  Aurum  ful- 
minans , oil  of  tartar  ftrikes  down  the  gold  out  of  Aqua  regis  \ but  acid 
liquors  themfelves,  in  many  cafes  no  lefs  powerfully  precipitate  metals, 
and  other  bodies  out  of  one  another.  Thus  fpirit  of  fait  precipitates 
filver  out  of  Aqua  fort  is  \ the  corrofive  fpirit  of  nitre  plentifully  preci- 
pitates that  white  powder,  whereof  Bezoardicum  minerale  is  made  *,  and  fpi- 
rit, or  oil  of  fulphur  precipitates  corals,  pearls,  &V.  difiolved  in  fpirit  of 
vinegar.  And  I have  fometimes  made  a menftruum,  wherein,  tho’  there 
were  both  acid  and  alkalizate  falts,  yet  I did  not  find,  that  either  acid 
fpirits,  or  oil  of  tartar,  or  even  fpirit  of  urine,  would  precipitate  the 
difiolved  fubftances.  And  I have  obferved,  both  that  falts  of  a contrary 
nature  will  precipitate  bodies  out  of  the  fame  menftruum ; as  not  only 
fait  of  tartar,  but  fea-falt,  being  difiolved,  will  precipitate  each  other ; 
and  each  of  them  apart  precipitate  filver  out  of  Aqua  fortis ; and  that,  e- 
ven  where  there  is  a confefied  contrariety  betwixt  two  liquors,  it  may 
be  fo  ordered,  that  neither  fhall  precipitate  what  is  difiolved  by  the  o- 
ther. 

‘'The  mechani - But  it  will  the  better  appear,  that  thefe  chymical  hypothefes  are 
sal  <ways  of  infufficient  to  folve  the  phenomena,  if  we  proceed  to  obferve  the  me- 
accounting  for  cJlanjca]  ways,  by  which  precipitations  may  be  accounted  for.  To 
palpitation*  precip]tate?  then?  tj-ie  corpufcles  of  a metal  out  of  a menftruum,  the 
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two  general  ways  are,  either  to  add  to  the  weight  or  bulk  of  the  Physics. 
difiblved  particles,  and  thereby  render  them  unfit  to  accompany  thofe 
of  the  menftruum  in  their  motions  ; or  to  weaken  the  fuftaining  pow- 
er of  the  menftruum,  and  thereby  difable  it  to  keep  the  metalline  par- 
ticles fwimming  any  longer : and  this  fall  of  the  deferted  metalline 
parts  often  enfues  the  more  eafily,  when  the  fuftaining  particles  of 
the  menftruum  come  to  be  too  much  weakened  ; that  proving  an  oc- 
cafion  to  them,  difturbed  in  the  former  motion,  which  kept  them  fe- 
parate,  to  make  occurfions,  and  coalitions  among  themfelves,  whence 
their  finking  becomes  the  eftedl,  of  both  ways  of  precipitation ; as,  on 
the  other  fide,  there  are  ' feveral  occafions,  on  which  the  fame  preci- 
pitant, that  brings  the  fwimming  particles  of  the  metal  to  ftick  to 
one  another,  likewife,  by  mortifying  or  difabling  the  faline  fpirits,  or 
other  parts  of  the  folvent,  weakens  the  fuftaining  power  of  that  li- 
quor. 

To  confider  thefe  two  ways  diftindlly.  The  firft  more  general  cau te  From  the gra~ 
of  precipitation  arifes  from  fuch  a cohefion  procured  by  the  precipi-  vity  and  bulk 
tant  in  the  lolution,  as  renders  the  compounded  corpufcles  too  heavy  °f^e diITolcv'd 
to  be  fuftained.  That,  in  many  precipitations,  a coalition  is  made  be-  ° J' 
twixt  the  fmall  parts  of  the  precipitant,  and  thofe  of  the  difiblved 
metal,  appears  by  the  weight  of  the  precipitate,  wdiich,  tho*  carefully 
walked  and  dryed,  often  exceeds  that  of  the  diflolved  metal:  for,  if, 
having  difiblved  filver  in  good  Aqua  fortisy  you  precipitate  it  with 
the  folution  of  fea-falt,  in  fair  water,  and  from  the  very  white  pre- 
cipitate walk  the  falts  *,  the  remaining  powder,  being  dryed  and  (low- 
ly melted,  will  look  much  lefs  like  a metalline  body,  than  a piece  of 
horn,  whence  it  takes  its  name  of  Luna  cornea:  fo  confiderable  is  the 
addition  of  the  faline  to  the  metalline  particles.  And,  that  part  of 
fuch  additions  is  retained,  in  many  cafes,  appears  to  the  eye ; for  if  you 
difiolve  mercury  in  Aqua  fortis , and  into  the  filtred  folution  drop  fpi- 
rit  of  fait,  falt-water,  or  an  urinous  fpirit,  you  will  have  a very  white 
precipitate  ; but  if,  inftead  of  any  of  thefe,  you  drop  in  oil  of  tartar 
per  deliquiumy  the  precipitate  will  be  of  a brick,  or  orange  colour. 

From  which  experiment,  and  fome  others,  I would  gladly  perfuade 
phyficians,  that  it  is  not  indifferent,  by  what  means  the  precipita- 
tion is  performed.  For,  by  reafon  of  the  ftri<ft  adhefion  of  many  fa- 

line particles  of  the  precipitant  and  the  folvent,  the  precipitated  bo- 
dy, notwithftanding  all  the  ufual  ablutions,  may  have  its  qualities 
much  diverfified  by  thofe  of  the  particles  of  the  liquors,  when  fitted 
to  ftick  very  faff:  to  it.  And  hence  there  muff:  happen  a great  dif- 
ference between  precipitations ; as  any  one  will  think,  who  precipi- 
tates the  folution  of  filver  with  copper,  with  fpirit  of  fal-armoniac,  falt- 
water,  oil  of  tartar,  quick-filver,  crude  tartar,  and  with  zink.  And 
in  the  preceding  examples,  it  is  not  all  one,  whether,  to  difiolve 

mercury  or  filver,  you  employ  the  fubtile  diftilled  fpirits  of  fait,  or 
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Physics,  the  grofs  body,  either  in  a dry  form,  or  barely  diffolved  in  common 

That,  alfo,  the  bulk  of  a body  may  greatly  contribute  to  make  it 
•fink,  or  fwim  in  a liquor,  appears  by  obvious  inftances.  Thus  fait,  or 
fugar,  being  put  into  water,  falls  at  firft  to  the  bottom,  and  lies  there, 
notwithftanding  the  air,  that  may  be  intercepted  between  its  parts.  But 
when,  by  the  action  of  the  water,  it  is  diffolved  into  minute  particles, 
thefe  are  carried  up  and  down  with  thofe  of  the  liquor,  and  fub- 
fide  not.  The  like  happens,  when  a piece  of  filver  is  caft  into  Aqua 
fortis , and  in  many  other  cafes.  On  the  other  fide,  I have  obferved, 
fome  bodies,  that  had  long  fwam  in  a menftruum,  whilft  their  minute 
parts  were  kept  from  uniting  in  it,  wou’d,  afterwards,  by  the  coalition 
of  many  of  thofe  particles  into  bodies  of  a vifible  bulk,  coagulate  and 
fubfide.  Thus,  particularly,  in  urinous  fpirits,  well  dephlegmed,  af- 
ter they  had,  for  a conftderab’e  time,  continued  in  the  form  of  a perfect 
liquor,  numerous  folid  corpufcles,  joining  together,  fettled  at  the  bot- 
tom of  the  glalfes,  in  the  form  of  faline  cryftals.  Having,  alfo,  long 
kept  a very  red  folution  of  fu-phur,  made  with  highly  redtified  fpirit  of 
urine  *,  I obferved,  that,  at  length,  the  fulphureous  particles,  forming 
into  little  concretions,  totally  fubfided,  and  left  the  liquor  almoft  colour- 
lefs.  And  hence  it  appears  proper  to  mention,  among  the  fubordi- 
nate  caufes  of  precipitation,  the  affociation  of  the  particles  of  a dif- 
iolved  body  with  one  another.  If  in  what  the  chymifts  call  precipi- 
tate per  fe , the  mercury  be  indeed  brought  to  lofe  its  fluidity,  and  be- 
come a powder,  uncompounded  with  any  additional  body,  it  will 
afford  us  a notable  inftance  to  prove,  that  the  coalitions  of  parti- 
cles into  clufters  of  the  fame  matter,  will  render  them  unfit  for  the  mo- 
tion requifite  to  fluidity.  For  this  odd  precipitation  by  fire,  where- 
in the  fame  menftruum  is  both  the  liquor,  and  the  precipitate,  being 
net  all  made  at  once,  the  corpufcles,  which  firft  difclofe  themfelves 
by  their  rednefs,  are  rejedted  by  thofe  of  the  mercury,  that  yet  remains 
fluid,  as  unable  to  accompany  them,  in  the  motions  that  belong  to  mer- 


And  perhaps  in  feveral  cafes,  the  corpufcles  of  a diffolved  body 
may  become  "unfit  to  be  any  longer  fuftained  in  the  menftruum,  tho5 
the  precipitant  adds  very  little  to  their  bulk  *,  or  at  leaft  much  more 
to  their  fpecific  gravity,  than  to  that.  For  in  many  folutions  made 
of  bodies  by  acid  menftruums,  there  are  either  generated,  or  extri- 
cated many  final  1 aerial  particles  i and  it  will  be  eafily  granted,  that 
thefe  may  be  fmall  enough  to  be  detained  in  the  pores  of  the  liquor, 
and  remain  inviftbie  there,  confidering  what  a multitude  of  aerial,  im- 
perceptible blibbies  is  afforded  by  common  water,  in  our  exhaufted 
receivers.  And'  if  the  corpufcles  of  the  diffolved  body,  have  any  lit- 
tle cavities  fit  to*  lodge  aerial  particles  •,  thefe  invifible  bubbles  may 
make,  with  the  folid  corpufcles  they  adhere  to,  little  aggregates, 
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much  lighter  in  fpecie  than  the  corpufcles  themfelves  ; and  confe-  Physics. 
quently,  if  the  precipitant  confift  of  particles,  of  luch  a liz'e  and  fhape, 
as  are  fit  to  expel  thefe  little  bubbles,  and  lodge  themfelves  in  the 
cavities  they  before  poflefFed,  new  aggregates  will  be  produced,  con- 
fifting  of  the  corpufcles  of  the  diffolved  body,  and  the  particles  of 
the  precipitant:  and  thefe  aggregates,  tho’  they  pofTefs  perhaps  more 
room,  than  thofe,  whereof  the  aerial  bubbles  made  a part,  will  yet 
be  fpecifically  heavier  than  the  former  ; whereby  they  may  overcome 
the  fuftaining  power  of  the  menftruum.  And  farther,  it  is  upon  ac- 
count of  the  fpecific  gravity  of  a body,  and  not  barely  of  the  acti- 
on of  the  precipitant,  that  an  aggregate  of  particles  rather  falls  to 
the  bottom,  than  rifes  to  the  top.  For  tho*  the  agents,  that  pro- 
cured the  coalition,  render  the  clufter  of  particles  of  tw~o  unwieldy  a 
bulk  to  continue  in  the  liquor,  as  parts  of  it;  yet  if  each  of  them 
be  lighter  in  fpecie  than  an  equal  bulk  of  the  menftruum  •,  or  if  they 
fo  unite,  as  to  intercept  a fufficient  number  of  aerial  bubbles  between 
them,  and  fo  become  lighter  than  as  much  of  the  menftruum,  as 
they  take  up  the  room  of,  they  will  not  be  precipitated,  but  emerge; 
as  may  be  feen  in  the  preparation  of  thofe  magifteries  of  vegeta- 
bles, where  fome  high-coloured  plants  being  made  deeply  to  tinge 
the  lixivium,  wherein  they  are  boiled,  are  afterwards,  by  the  addi- 
tion of  alum,  curdl’d,  as  it  were,  into  coloured  concretions,  which  be- 
ing too  large  to  fwim,  as  they  did  before  they  united,  and  too  light, 
in  companion  of  the  menftruum,  to  fubfide,  mount  to  the  top,  and 
float  there.  An  eafler  example,  and  more  pertinent  to  this  purpofe,  is 
afforded  by  diflfolving  camphire  in  highly  rectified  fpirit  of  wine,  till 
the  folution  is  very  ftrong.  For  tho5  the  camphire,  when  put,  by 
lumps,  into  the  fpirit,  funk  to  the  bottom  of  it,  yet  when  a large  quan- 
tity of  water,  (which  is  heavier  in  fpecie  than  the  gum)  was  poured 
upon  the  folution,  the  camphire  quickly  concreted,  and  returned  to 
its  own  nature,  and  foon  after  emerged  and  floated  on  the  top  of  the 
mixed  liquors.  Thefe  particulars  I mention,  as  inftances  of  precipita- 
tion, improperly  fo  called.  But,  I muft  here  take  notice  of  a phenome- 
non, which  fometimes  occurs  in  precipitations,  and  may  at  firft  fight 
feem  contrary  to  our  dodlrine.  For  it  now  and  then  happens,  that  after 
fome  drops  of  the  precipitant  have  begun  a precipitation,  if  the  vef- 
fel  be  fhook,  the  matter  already  precipitated  difappears,  and  the  fol- 
vent  again  becomes  clear,  as  before  the  precipitant  was  put  into  it. 

But  this  phenomenon  doth  not  contradidt  our  theory.  For,  when  this 
happens,  tho’  that  part  of  the  folvent,  to  which  the  precipitant  ^reaches, 
is  made  unable  to  fupport  the  diffolved  body  ; yet  this  quantity  of 
the  precipitant  is  but  fmall,  in  proportion  to  the  whole  bulk  of  the 
folvent.  And  therefore,  when  the  agitation  of  the  veffel  difperfes  the 
clufters  of  particles  loofely  concreted,  thro’  the  whole  liquor  *,  that 
greater  part,  to  which  the  precipitant  did  not  reach  before,  may  well  be 
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Physics,  looked  upon  as  a frefh  menftruum,  which  is  able  to  mortify  or  over- 
power  the  Ymall  quantity  of  the  precipitant,  mingled  with  it,  and  fo 
to  deftroy  its  late  operation  on  the  body  difTolved  *,  by  which  means 
the  folution  returns  to  its  former  ftate.  Thus,  precipitating  a brick- 
'coloured  powder  out  of  a ftrong  folution  of  fublimate,  made  in  fair 
wa,ter  ; the  fubftding  matter  being  laid  to  dry  in  the  filtre,  by  which 
it  was  feparated  from  the  water,  would  retain  a deep,  but  fomewhat 
dirty  colour  *,  and  if,  putting  it  into  the  bottom  of  a wine-glafs,  I 
poured  upon  it,  either  clear  oil  of  vitriol,  or  fome  other  ftrong  acid 
menftruum,  the  alcalizate  particles  being  difabled  and  fwallowed  up  by 
fome  of  the  acid  ones  of  the  menftruum  *,  the  other  acid  ones  would  fo 
readily  difiolve  the  remainder  of  the  powder,  that  immediately  the  colour 
of  it  vanifh’d,  and  the  whole  mixture  appear’d  a clear  liquor,  without  any 
fediment. 

From  weaken-  The  other  of  the  two  principal  ways,  wherein  precipitations  may 

ing  the  fol - be  effe&ed,  is  by  difabling  the  folvent  to  fuftain  the  difTolved  body. 

vent.  There  are  many  inftances,  wherein  this  may  confpire  with  the  firft  way 

propofed : but,  notwithftanding  nature  may  fometimes  employ  them 
both  together  *,  yet  in  fome  cales  they  fufliciently  differ.  For,  in  the 
former,  the  fall  of  the  difTolved  body  is  chiefly  caufed  by  the  addi- 
tional weight,  as  well  as  the  a&ion  of  the  external  precipitant ; but 
in  moft  inftances  of  the  latter,  the  effeft  is  produced,  either  without 
fait  of  tartar,  or  any  fuch  precipitant  •,  or  by  fome  other  quality  of 
the  precipitant,  more  than  by  its  weight,  or  at  leaft,  befides  the  weight 
it  adds.  This  premifed,  I obferve,  that  the  general  way  laft  propofed, 
contains  feveral  fubordinate  ways,  which  are  more  peculiar.  And 
firft,  a precipitation  may  be  made,  if  the  faline,  or  other  difTolving 
particles  of  the  menftruum  are  rendred  unfit  for  their  former  functi- 
on, by  particles  of  a precipitant,  of  a contrary  nature.  Thus  gold, 
and  fome  other  minerals,  being  difTolved  in  Aqua  regis , will  be  preci- 
pitated with  fpirit  of  urine,  and  other  fuch  liquors,  abounding  with 
volatile,  and  Tali  no- ful  phureous  corpufcles,  whereby  they  aCt  ; whence 
thefe  falts  themfelves,  tho*  call  into  a menftruum  in  a dry  form,  will 
make  the  like  precipitations : yet  the  volatile  particles  of  urinous  fpirits, 
add  much  lefs  weight  than  fait  of  tartar,  to  the  little  concretions, 
which  compofe  the  precipitated  powder.  Upon  inftances  of  this  kind, 
chymifts  have  built  that  antipathy  betwixt  the  falts  of  the  folvent, 
and  thofe  of  the  menftruum,  to  which  they  afcribe  almoft  all  preci- 
pitations. In  anfwer  to  which,  farther  than  what  has  been  already 
offer’d,  I fay,  firft,  that  fome  of  thofe  menftruums,  to  which  the  an- 
tipathy is  attributed,  do,  after  a fhort  commotion,  friendly  unite  into 
concretions  participating  of  both  the  ingredients.  To  fhew  this,  I have 
dropt  a clear  folution  of  fixed  nitre,  inftead  of  the  ufual  one  of  common 
fait,  upon  a folution  of  filver  in  Aqua  forth  •,  when,  the  faline  particles 
of  the  folvent,  and  thofe  of  the  precipitant  will,  for  the  moft  part,  kind- 
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ly  Form  themfelves  into  fuch  cryflals  of  nitre,  as  they  were  obtained  Physics. 
from.  But  were  this  notion  of  the  chy  mills  true,  it  ought  to  be  ex- 
plained  by  mechanical  principles.  For,  if  the  particles  of  the  men- 
flruum, and  thofe  of  the  precipitant*  be  fo  framed,  that  by  the  a&ion 
of  the  one  upon  the  other,  there  will  be  produced  corpufcles,  too 
big  and  unwieldy  to  continue  in  the  flate  of  fluidity,  a precipitation 
muil  enfue : but  if  the  conflitution  of  the  corpufcles  of  the  precipi- 
tating, and  of  the  diffolved  body,  be  fuch,  that  the  precipitant,  alio, 
it  felf,  is  a fit  menflruum  to  diffolve  that  body;  then,  tho*  there  be 
an  union  of  the  falts  of  the  precipitant,  and  the  metal,  and  perhaps 
of  the  folvent  too,  yet  a precipitation  will  not  neceflarily  follow  ; tho* 
the  faline  particles  of  the  two  liquors  feemed,  by  the  heat  and  ebul- 
lition excited  between  them  upon  their  meeting,  to  fhew  a great  and 
mutual  antipathy.  To  be  fitisfied  in  this  particular,  I diffolved  zink 
in  an  urinous  fpirit,  and  then  put  to  it  a convenient  quantity  of  a 
proper  acid  fpirit ; but  tho*  a manifeft  conflibl  hence  arofe,  yet  the 
zink  remain’d  diffolved  in  the  mixture.  And  for  an  eafier  experiment 
to  the  fame  purpofe,  I diffolved  copper,  calcined  per  fe , or  even  crude, 
in  flrong  fpirit  of  fait ; and  having  gradually  put  to  it  a large  quan- 
tity of  fpirit  of  fal-armoniac,  or  fermented  urine  ; tho’  there  was  a 
great  commotion  raifed,  with  hiffing  and  bubbles,  the  copper  would 
not  precipitate ; becaufe  this  urinous  fpirit  will,  as  well  as  the  fait,  dif- 
folve  the  fame  metal  ; and  it  continued  diffolved,  notwithstanding  their 
operation  on  one  another  ; which  operation,  as  well  as  their  abtion  up- 
on the  metalline  corpufcles,  appears  from  hence,  that  the  green  folu- 
tion,  made  with  fpirit  of  fait  alone,  will,  by  the  addition  of  urinous  fpi- 
rits,  be  changed  either  into  a bluifh  green  ; or,  if  the  proportion  of  this 
fpirit  be  very  great,  into  a rich  blue,  almofl  like  ultramarine.  And  from 
thefe  two  experiments,  we  may  probably  argue,  that  when  the  precipita- 
tion of  a metal,  &c.  enfues,  it  is  not  barely  on  account  of  the  fuppofed 
antipathy  betwixt  the  falts  ; but  becaufe  the  caufes  of  that  feeming  anti- 
pathy do  likewife,  upon  a mechanical  account,  difpofe  the  corpufcles 
of  the  blended  liquors  to  cohere,  fo  as  to  be  too  unwieldy  for  the  fluid 
part. 

Another  way,  whereby  the  diffolving  particles  of  a menflruum  may  By  prefenting 
be  rendred  unfit  to  fuflain  the  diffolved  body,  is,  to  prefent  them  ano- 
ther,  on  which  they  can  more  eafily  work.  A notable  example  of0* 
this  we  have  in  the  common  practice  of  the  refiners,  who,  to  reco- 
ver the  filver  out  of  lace,  and  other  fuch  mixtures,  diffolve  it  in 
Aqua  fortis , and  then  in  the  folution  leave  copper-plates  for  a night. 

But  to  make  the  experiment  with  expedition  ; as  foon  as  I have  dif- 
folved a convenient  quantity  of  filver  in  Aqua  fortis , I add  twenty 
times  as  much  of  diftilled,  or  rain-water  ; and  then,  in  the  clear  fo- 
lution, hang,  by  a firing,  a clean  piece  of  copper,  which  will  be  pre- 
fently  covered  with  little  fhining  flakes,  almofl  like  the  fcales  of  fifh ; 
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Physics,  and  thefe  we  can  eafily  flhake  off,  to  make  room  for  more.  This  may 
alfo  illuftrate  what  we  formerly  faid,  as  to  the  fubfiding  of  metalline 
corpufcles,  when  they  unite  in  liquors,  wherein,  whilft  difperfed  in 
very  minute  parts,  they  fwam  freely.  For  here  the  little  fcales  of 
filver  feemed  to  be  purely  metalline,  and  there  is  no  faline  precipi- 
tant, as  fait  of  tartar,  or  of  urine,  employed  to  make  them  fubfide. 
Upon  the  fame  ground,  gold  and  filver,  diffolved  in  their  proper  men- 
ftruums,  may  be  precipitated  with  running  mercury  ; and  if  a folu- 
tion  of  blue  vitriol  be  made  in  water,  a clean  plate  of  fteel  or  iron 
being  immerfed  in  it,  will  prelently  be  over-laid  with  a very  thin  cafe 
of  copper,  which  after  a time  grows  thicker  *,  but  does  not  adhere  to 
the  iron  fo  loofely,  as  to  be  lhaken  off,  as  the  precipitated  filver  may 
be  from  the  copper-plates.  And  that  in  thefe  operations,  the  faline 
particles  may  really  quit  the  diffolved  body,  and  work  upon  the  pre- 
cipitant, appears  by  the  practice  of  the  refiners  lately  mentioned  ; 
where  the  Aqua  foztis , which  forfakes  the  particles  of  the  filver,  falls 
to  work  upon  the  copper-plates  employed  about  the  precipitation,  and 
diffolves  fo  much  of  them,  as  to  acquire  the  greenifh  blue  colour  of 
a good  folution  of  that  metal.  And  the  copper  we  can  eafily  again 
obtain,  without  falts,  by  precipitation,  out  of  that  liquor  with  iron  ; 
and  that  too,  remaining  diffolved  in  its  place,  we  can  precipitate  with 
the  tafllefs  powder  of  another  mineral.  Befides  thefe  two  ways  of 
weakening  the  menftruum,  a third  is,  by  leffening  or  difturbing  the 
agitation  of  the  folvent.  And,  indeed,  fince  we  find  by  experience, 
that  fome  liquors,  when  they  are  heated,  will  either  diffolve  fome  bo- 
dies, they  would  not  touch  when  cold,  or  diffolve  them  more  pow- 
erfully when  hot  than  cold ; it  is  probable,  that  what  confiderably 
leffens  fuch  an  agitation  of  the  parts  of  the  menftruum,  as  is 
neceffary  to  keep  the  diffolved  body  in  the  flate  of  fluidity,  fhould 
occafion  it  again  to  fall  to  the  bottom.  I could  give  feveral  exam- 
ples of  the  precipitating  power  of  cold  in  flow  operations ; for  there 
are  feveral  folutions,  and  particularly  that  of  amber-greafe,  which  re- 
maining fluid  all  the  fummer,  will  fubfide  in  the  winter.  And  the  like 
may  be  fometimes  much  fooner  obferved  in  the  folutions  of  fulphur, 
made  in  certain  oleaginous  menftruums  \ and  I have  now  and  then 
had  fome  folutions,  and  particularly  one  of  benzoin,  made  in  fpi- 
rit  of  wine,  which  furprized  me  with  the  turbidnefs  they  would  ac- 
quire, upon  a fudden  change  of  weather  to  cold,  tho>  it  were  not 
in  the  winter  feafon.  Another  way  of  weakening  the  menftruum  is, 
by  diluting  or  leffening  its  tenacity.  Of  this  we  have  an  inftance  in 
the  magifteries  of  jalap,  benzoin,  and  of  feveral  other  refinous  and 
gummy  bodies,  diffolved  in  fpirit  of  wine.  For  by  the  affufion  of 
common  water,  the  menftruum  being  too  much  diluted,  is  not  able 
to  keep  thofe  particles  in  the  ftate  of  fluidity,  but  muft  fuffer  them 
to  fubfide,  or  make  fome  parts  emerge,  Examples,  alfo,  of  this  kind, 
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are  afforded  us  by  the  common  preparation  of  Mercurius  Vita.  For,  tho*  Physics. 
in  oil  of  antimony,  made  by  re&ifying  its  butter,  the  faline  particles  are  fo  — - 

numerous,  and  keep  fo  clofe  to  one  another,  as  to  be  able  to  fuftain  the  an- 
timonial  corpufcles  they  carried  over  with  them  in  diftillation,  and  retain 
them,  with  themfelves,  in  the  form  of  a liquor*,  yet  when  by  the  plen- 
tiful affufion  of  water,  thofe  fuftaining  particles  are  feparated,  and  re- 
moved to  a diftance  from  each  other  ; the  antimonial  corpufcles,  and  the 
mercurial,  if  any  fuch  there  were,  being  of  a ponderous  nature,  will  eafily 
fubfide  into  that  emetic  powder,  which  when  walk’d,  is  called  Mercurius 
Vita. 

But  here,  to  fhew  how  much  precipitations  depend  upon  the  me- 
chanical textures  of  bodies;  tho’  not  only  in  the  laft  examples,  but 
in  many  others,  the  affufion  of  water,  by  diluting  the  falts  and  wea- 
kening the  menftruum,  makes  the  metal,  or  other  diffolved  body  fall 
to  the  bottom  ; yet  if  the  faline  particles  of  the  folvent,  and  thofe 
of  the  body  be  fitted  for  fo  fbri6t  an  union,  that  the  corpufcles  re- 
fulting  from  their  coalitions,  will  not  fo  eafily  be  feparated  by  the 
particles  of  water,  as  fuffer  themfelves  to  be  carried  up  and  down 
with  them;  they  will  not  be  precipitated  out  of  the  weakened  folu- 
tion,  but  ftill  continue  a part  of  it  ; as  I have  tried  with  fome  folu- 
tion  of  filver  and  gold,  made  in  acid  menltruums ; but  much  more  fa- 
tisfa&orily  in  folutions  of  copper,  made  in  the  urinous  fpirit  of  fal- 
armoniac.  For  tho’  that  blue  folution  were  diluted  with  many  thou- 
fand  times  the  weight  of  the  diffolved  metal  ; yet  its  fwimming  cor- 
pufcles appear’d,  by  their  colour,  to  be  manifeftly  difperfed  thro’  the  whole 
liquor. 

Another  way  whereby  precipitations  of  bodies  may  be  produced, 
by  weakening  the  menftruum,  is  to  leffen  the  proportion  of  the  fol- 
vent to  the  diffolved  fubftance,  without  evaporation.  Now,  confider- 
ing,  that  water  will  not  diffolve  falts  indefinitely,  but  when  it  has 
received  its  due  proportion,  diffolve  no  more,  and  if  they  be  put  in- 
to it,  let  them  fall  to  the  bottom,  and  continue  undiffolved ; and 
that  if,  when  water  is  thus  fatiated,  any  of  the  liquor  be  evaporated,  or 
otherwife  wafted,  it  will,  in  proportion,  let  fall  the  fait  it  had  alrea- 
dy taken  up  ; I concluded,  that  if  I could  add  to  water,  any  liquor, 
with  which  its  particles  would  more  readily  affociate  than  with  thofe 
of  fait,  the  depriving  the  folution  of  fo  many  of  its  aqueous  parti- 
cles, would  be  equivalent  to  the  evaporation  of  about  as  much  wa- 
ter, as  they,  by  being  united,  could  compofe.  Wherefore,  making  a 
lixivium  of  diftilled  water,  or  clean  rain-water,  and  of  fait  of  tartar, 
fo  ftrong,  that,  if  a grain  more  were  added,  it  would  lie  undif- 
folved at  the  bottom  ; I put  a quantity  of  this  lixivium  into  a fien- 
der  cylindrical  veffel,  till  it  had  therein  reached  to  a proper 
height  ; then  taking  a fufficient  quantity  of  moft  pure  fpirit  of  wine, 

I poured  it  upon  the  faline  folution,  and  ffaking  the  liquors  well  to- 
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gether,  to  bring  them  to  mix,  I laid  the  tube  in  a quiet  place  ^ and  af- 
terwards found,  that  there  was  a confiderable  quantity  of  white  fait  of 
tartar  fallen  to  the  bottom  of  the  veflel  *,  which  fait  had  been  merely  for- 
faken  by  the  aqueous  particles,  that  fuftained  it  before,  to  pafs  into  the 
fpirit  of  wine,  wherewith  they  were  more  difpofed  to  affociate.  This  I 
concluded,  becaufe  having,  before  I poured  on  the  fpirit,  made  a mark 
on  the  glafs,  to  fhew  how  far  the  lixivium  reached,  I found,  that  after 
the  precipitation,  the  lixivium,  which  remained  yet  ftrong  enough  to  con- 
tinue unmixed  with  the  incumbent  fpirit,  was  funk  with  its  furface,  con- 
fiderably  below  the  mark  *,  the  fpirit  of  wine  having  gained  in  extent, 
what  it  loft  in  ftrength  by  receiving  fo  many  aqueous  particles  into  it.  I 
alfo  made  the  like  trial  with  dephlegmed  fpirit  of  wine,  and  as  ftrong  a 
brine,  as  I could  procure  from  common  fait  diflolved  without  heat,  in 
water  ; whereby  I obtained  a confiderable  proportion  of  finely-figured 
fait,  which  was  let  fall  to  the  bottom.  But  this  experiment,  to  be  fuccefs- 
ful,  requires  greater  care  than  the  former.  To  confirm,  and  vary  this 
way  of  precipitation,  I made  a clear  folution  of  gum  arabic  in  common 
water,  and  poured  upon  it  a little  high  rectified  fpirit  of  wine,  whereby 
there  was  made  a large  precipitation  of  a light,  and  purely  white  fubftance. 
And  for  farther  confirmation,  I diflolved  a full  proportion  of  myrrh  in 
fair  water,  and  into  the  filtred  folution,  which  was  tranfparent,  but  of  an 
high-brown  colour,  dropped  a large  proportion  of  dephlegmed  fpirit  of 
wine,  which  made  a great  precipitation  of  the  gum.  Thefe  inftances 
feem  to  fhew,  that  Ample  water  is  a real  menftruum,  which  may  have  its 
diflolving,  and  fuftaining  virtue,  weakened  by  the  addition  of  liquors, 
much  ftronger  than  it*. 

By  infilling  upon  thefe  feveral  ways,  whereby  precipitations  may 
be  mechanically  performed  and  accounted  for,  I would  not  be  thought 
to  deny,  that  there  are  any  omitted.  Thefe  were  only  the  chief  which 


* Sir  Ifaac  Nekton  fpeaks  thus  of  pre- 
cipitation/ “ When  oil  of  tartar  per  de- 
lirium" fays  he,  “ being  poured  into  the 
“ folution  of  any  metal,  precipitates  the 
“ metal,  and  makes  it  fall  down  to  the 
“ bottom  of  the  liquor  in  form  of  mud ; 
“ does  not  this  argue,  that  the  acid  par- 
“ tides  are  attra&ed  more  flrongly  by 
the  fait  of  tartar,  than  by  the  metal  ; 
“ and  by  the  ftronger  attradiion  go  from 
“ the  metal  to  the  fait  of  tartar  ? And 
t(  fo  when  a folution  of  iron  in  Aqua 
“ fortis , diftolves  the  Lapis  Calaminaris , 
“ and  lets  go  the  iron  ; or  a folution  of 
copper  diftolves  iron  immerfed  in  it,  and 


lets  go  the  copper  ; or  a folution  of 
**  filver  diftolves  copper,  and  lets  go  the 
“ filver  ; or  a folution  of  mercury  in 
“ Aqua  fort  is  being  poured  upon  iron, 
“ copper,  tin,  or  lead,  diftolves  the  me- 
“ tal,  and  lets  go  the  mercury  ; does  not 
“ this  argue,  that  the  acid  particles  of 
“ the  Aqua  fort  is  are  attradled  more 
“ ftrongly  by  the  Lapis  Calaminarist  than 
“ by  iron,  and  more  ftrongly  by  iron 
“ than  by  copper,  and  more  ftrongly  by 
“ copper  than  by  filver,  and  more  ltrong- 
“ ly  by  iron,  copper,  tin,  and  lead,  than 
“ by  mercury?”  Newton.  Optic,  p.  3 
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at  prefent  occur’d.  And  I fliou’d  be  glad  to  have  the  fubjed  confider’d  as  Physics. 
it  deferves  *,  for  the  do&rine  and  hiftory  of  precipitations,  well  delivered,  ' * — 
will  be  a thing  of  more  extent  and  moment,  than  feems  hitherto  to  have 
been  imagined ; fince,  not  only  feveral  of  the  morbific  changes  in  the 
blood,  and  other  fluids  of  the  human  body,  may  thereby  be  the  better  un- 
derftood,  and  prevented ; but,  alfo,  in  the  practical  part  of  mineralogy, 
many  ufeful  things  may,  probably,  be  performed  by  means  of  fuch  a doc- 
trine and  hiftory, 
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SECT.  I. 


The  theory  »/ ▼ Do  not  here  defign  to  treat  of  corrofivenefs,  in  their  fbricft  fenfe  of 
corrofivenefs.  I the  word,  who  afcribe  this  quality  only  to  liquors,  which  are  con- 
JL  fiderably  acid,  or  four,  as  Aqua  fortis , fpirit  of  fait,  vinegar,  juice  of 
lemtnons,  &c.  but  in  a greater  latitude,  fo  as  to  make  it  almoft  equiva- 
lent to  the  diffolving  power  of  liquors  5 and  in  this  fenfe,  the  properties 
which  feem  moil  proper  to  render  a liquor  corrofive,  are  all  of  them  me- 
chanical. 

And  firft,  ’tis  requifite,  that  a corrofive  menftruum,  fhou’d  abound 
with  corpufcles  not  too  big  to  get  in  at  the  pores  of  the  body  to  be 
diffolved,  nor  yet  fo  minute,  as  to  pafs  thro’  them  ; as  the  rays  of 
light  thro’  glafs ; or  be  unable,  by  reafon  of  their  great  flender- 

nefs  and  flexibility,  to  disjoin  the  parts  they  invade.  Secondly,  that 

thefe  corpufcles  be  of  a lhape  fit  to  infinuate  themfelves  into  the 

pores  above-mentioned,  in  order  to  difiociate  the  folid  parts.  Third- 

ly, that  they  have  a competent  degree  of  folidity  to  disjoin  the  par- 
ticles of  the  body  to  be  diffolved  ; which  folidity  of  foivent  particles 
is  fomewhat  diftindl  from  their  bulk,  as  may  appear  by  comparing  a 
ftalk  of  wheat,  and  a metalline  wire  of  the  fame  diameter.  Fourth- 
ly, that  the  corpufcles  of  the  menftruum,  be  fuch  as  are  fit  to  fepa- 
rate  the  parts  of  the  invaded  body,  either  by  their  lhape,  minutenefs, 
or  fitnefs  to  have  their  adlion  befriended  by  aflifting  caufes  ; fuch  as, 
firft,  the  preffure  of  the  atmofphere,  which  may  impel  them  into  the 
pores  of  bodies,  not  filled  with  a fubftance  fo  refilling  as  common 
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air  : as  we  fee,  that  water  will,  by  the  prevalent  p re  flu  re  of  the  fur-  Physics. 
rounding  air  or  water,  be  raifed  to  the  height  of  Tome  inches  in  ca-  - 

pillary  glafs  tubes  ♦,  and  in  the  pores  of  fpongcs,  whofe  confiftent  parts 
yielding  eafier  than  the  Tides  of  glafs-pipes,  thofe  pores  will  be  en- 
larged, and  confequently  the  ftdes  disjoined,  as  appears  by  the  dila- 
tation, and  fwelling  of  the  fponge  : and  fecondly,  the  agitation,  that 
the  intruding  corpu  cles  may  be  fitted  to  receive  in  thofe  pores,  by  the 
tranfcurfion  of  fome  fubtile  ethereal  matter  5 or  by  the  numerous  pulfps 
of  the  fwimming  corpufcles  of  the  menftruum  it  felf;  whereby,  like  fo 
many  little  wedges,  and  levers,  they  may  be  enabled  to  force  afunder 
the  little  parts,  between  which  they  infinuate.  But  to  come  to  experi- 
ments. 

1.  It  is  obvious,  that  tho’  the  juice  of  grapes  is  fweet,  whilft  it  Confirm'd  by 
retains  the  texture  which  belongs  to  it  when  new  ; yet  after  fermen-  experiments, 
tation,  it  degenerates  into  vinegar  : in  which  liquor,  to  a multitude 

of  the  more  folid  corpufcles  of  the  muff,  their  frequent  and  mutu- 
al attritions  may  be  fuppofed  to  have  given  edges;  and  thus,  per- 
haps, the  confufed  agitation  unfheathed  fome  acid  particles,  which 
at  firft  lay  concealed  in  the  muft.  Now,  this  liquor,  that  by 
the  fore-mentioned  mechanical  changes  is  become  vinegar,  abounds 
with  corpufcles,  which,  on  account  of  their  edges,  and  penetrative 
ffiape,  will  diffolve  coral,  crabs-eyes,  fome  ftones„  Lapis  ftellaris  in  par- 
ticular, as  alfo  minium,  and  even  crude  copper.  And  not  only  the 
diftilled  fpirit  of  it  will  do  thefe  things  more  powerfully ; but  the  fa- 
line  particles,  that  ufually  remain  after  diftillation,  may,  by  being  diflil- 
led, and  cohobated  per  fe , or  by  being  fkilfully  united  with  the  fpirit, 
be  brought  to  a menftruum,  of  no  fmall  efficacy  in  the  diffolution  of 
metalline  bodies,  too  compadl  for  the  mere  fpirit  it  felf  to  work  upon. 

Vinegar  may,  alfo,  be  made  of  feveral  other  fweet  things,  and  even 
of  honey  fkilfully  fermented  with  a fmall  proportion  of  common 
water. 

2.  Moreover,  feveral  dry  woods,  and  other  bodies,  which  pafs  for 
infipid,  afford,  by  diftillation,  acid  fpirits,  that  will  diffolve  coral,  pearls, 

&c.  and  alfo,  corrode  fome  metals.  So  that  the  violent  operation  of 
the  fire  which  deftroys  what  is  call'd  the  form  of  the  diftill’d  body, 
and  works  as  a mechanical  agent,  produces  an  acid,  corrofive  men- 
ftruum. 

3.  ’Tis  obferved  by  refiners,  that  Aqua  fortis,  and  Aqua  regisr  diffolve 
metals,  much  more  fpeedily,  when  an  external  heat  gives  their  inte- 
ftine  motions  a new  degree  of  velocity,  which  is  but  a mechanical 
thing ; yet  this  additional  agitation  is  that,  without  which  fome  men- 
ftruums  will  not  fenfibly  operate  on  bodies  at  all ; as  we  have  tryed  by 
keeping  quick-filver  in  three  or  four  times  its  weight  of  oil  of  vitriol, 
whereby  the  mercury  was  not  diffolved  or  corroded,  tho5  kept  for 
a long  time  ; but  when  the  oil  of  vitriol  was  excited  by  a convenient 
heat,  it  corroded  the  mercury  into  a fine  white  calx,  which  by  the 
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affufion  of  fair  water,  would  be  prefently  turned  into  a precipi- 
tate, of  the  colour  and  nature  of  a turbith.  And  having  diffolved, 
in  a weak  fpirit  of  fait,  a fourth  part  of  its  weight  of  fine  cryflals 
of  nitre,  we  found,  that  it  would  not,  in  the  cold,  diflolve  leaf-gold; 
but  when  the  menflruum  was  a little  heated  by  the  fire,  that  folution 
was  readily  made.  In  fome  cafes  alfo,  tho’  the  external  heat  be 
fmall,  yet  there  may  happen  another  brifk  one,  and  greatly  aflift  in  the 
diffolution  of  a body  ; as  for  inflance,  of  quick-filver  in  Aqua  fortis . For 
it  is  not  Arrange  to  find,  that  when  a full  proportion  of  that  fluid  metal 
has  been  taken,  the  folution,  tho’  at  firfl  altogether  liquid,  and  as  to  fenfe 
uniform,  comes  to  have,  after  a while,  a large  quantity  of  coagulated 
matter  at  the  bottom  ; of  which  the  caufe  may  be,  that  in  the  very  a£l 
of  corrofion,  there  is  excited  an  intenfe  degree  of  heat,  which  giv- 
ing a new  degree  of  agitation  to  the  menflruum,  makes  it  diffolve 
much  more,  than  afterwards,  when  the  conflict  is  over,  it  is  able  to  keep 
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4.  We  have  obferved  alfo,  that  agitation,  in  fome  cafes,  fo  much  pro- 
motes the  folutive  power  of  faline  bodies,  that  tho*  they  be  not  reduc’d 
to  that  fubtilty  of  parts,  to  which  a flrong  diflillation  brings  them  ; yet 
they  may,  in  their  groffer  form,  have  the  power  to  work  on  metals.  By 
barely  boiling  fome  folutions,  of  falts  of  a convenient  ftructure,  as  nitre, 
fal-armoniac,  &c.  which  leaf-gold,  filver,  &c.  we  have  corroded  thefe 
metals,  and  can  diffolv©  fome  others.  And,  by  boiling  crude  copper  fi- 
lings with  fublimate,  and  common  water,  we  were  able,  in  no  long  time, 
to  make  a folution  of  the  metal. 

5.  Sometimes,  likewife,  fo  languid  an  agitation,  as  that  which  feems 
but  fufficient  to  keep  a liquor  in  the  flate  of  fluidity,  may  fuffice  to  give  a 
dry  body  a corroding  power,  which  it  could  not  otherwife  exercife  ; as  in 
the  way  of  writing  upon  the  blade  of  a knife  with  corrofive  fublimate, 
wetted  with  common  water.  For  after  a while.,  all  the  parts  of  the 
blade,  that  fliould  not  be  fretted,  being  protected  by  a covering  of 
wax,  the  fublimate  will  corrode,  only  where  way  has  been  made  for 
it  in  the  wax  by  a bodkin ; and  the  letters  will  be  the  more  or  lefs 
deeply  etch’d,  according  to  the  time  the  fublimate  is  fufFered  to  lie  on : 
and  if  we  only  intend  a legible  impreflion,  a few  minutes  may  ferve  the 
turn. 

6.  Befides,  feveral  bodies,  found  unable  to  diffolve  others,  in  mode- 
rate degrees  of  heat,  may  yet,  by  intenfe  degrees,  be  made  fit  fol- 
vents  for  them.  Having  a diflilled  liquor,  which  was  rather  fweet 
to  the  tafle,  than  acid  ; I in  vain  try’d  to  make  it  work  on  pearls, 
in  a more  than  ordinary  warm  digefidon  ; yet  the  glafs  being  for 
many  hours  kept  in  fuch  an  heat  of  fand,  as  made  the  liquor  boil, 
we  had  a thorough  diffolution.  And  tho’  the  folvents  of  crude  gold, 
are  generally  difbilled  acid  liquors  ; yet  alcalizate  bodies  without  the 
he>p  01  any  liquor,  will  be -enabled,  by  a melting  fire,  in  no  long 
tune,  to  penetrate,  and  tear  alunder  the  parts,  even  of  crude  gold ; 
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lb  that  it  may  afterwards  be  eafily  taken  up  in  liquors,  which  are  not  Ph y$ie$. 
acid,  or  even  by  water  itfelf.  • 

7.  And  tho*  pure  falt-petre,  when  diffolved  in  water,  is  not  obferved 
to  be  a fit  menftruum  to  diffolve  fome  metals,  or  fo  much  as  coral 
^tfelf ; yet  when  by  a convenient  diftillation,  its  parts  are  fplit,  and  by 
attrition,  or  other  mechanical  ways,  reduced  to  the  fhapes  of  acid,  and 
alkalizate  falts  ; it  then  affords  two  forts  of  menflruums  of  very  differ- 
ing natures  *,  which,  between  them,  diffolve  a great  number  and  variety 
of  bodies  *,  as  the  fpirit  of  nitre,  without  addition,  is  a folvent  for  moft 
metals,  viz.  lilver,  mercury,  copper,  lead,  and  alfo  feveral  mine- 
ral bodies,  as  tin-glafs,  fpelter.  Lapis  Calaminaris , &c.  and  the  fixed  fait  of 
nitre  operates  upon  fulphureous  minerals,  fuch  as  common  fulphur,  an- 
timony, &c. 

8.  By  the  preceding  trials,  it  has  appeared,  that  the  increafe  of 
motion  in  the  more  penetrating  corpufcles  of  a liquor,  contributes  much 
to  its  folutive  power  ; I fhall  now  add,  that  the  fhape,  and  fize,  v/hich 
are  mechanical  properties,  and  fometimes  alfo  the  folidity  of  the  fame 
corpufcles,  eminently  concur,  to  qualify  a liquor  for  diffolving  a par- 
ticular body.  And  of  this,  fome  of  the  more  familiar  practices  of 
chymifts  may  fupply  us  with  inflances.  For  there  is  no  account  fo 
probable,  as  may  be  given  upon  this  fuppofition,  why  Aqua  fortis , 
which  will  diffolve  filver,  without  meddling  with  gold,  Ihould,  by 
the  addition  of  a fourth  part  of  its  weight  of  fal-armoniac,  be  turn- 
ed into  A ua  regis , which,  without  touching  filver,  will  diffolve  gold. 

But  there  is  no  neceffity  to  have  recourfe  to  fo  grofs  and  compoun- 
ded a body,  as  fal-armoniac,  to  enable  Aqua  fortis  to  diffolve  gold  : for 
the  fpirit  of  common  fait  alone,  being  mixed  in  a due  proportion, 
will  luffice  for  that  purpofe.  Which,  by  the  way,  fhews,  that  the  vo-  • 
latile  fait  of  urine  and  foot,  which  concur  to  make  fal-armoniac,  are 
not  neceffary  to  the  diffolution  of  gold  j for  which  a folvent  may  al- 
fo be  made  with  Aqua  fortis  and  crude  fea-falt.  Nay,  the  mechani- 
cal affeCtions  of  a menftruum  may  have  fuch  an  intereft  in  its  folu- 
tive power,  that  even  mineral,  or  metalline  corpufcles,  may  become 
ufeful  ingredients  of  it,  tho*  perhaps  it  be  a diftilled  liquor ; as  might 
be  illuftrated  by  the  operations  of  fome  compounded  folvents,  fuch  as 

is  the  oil  of  antimony,  made  by  repeated  rectifications  of  what  chy- 
mifts call  its  butter,  which  greatly  abounds  in  an  antimonial  fub- 
ftance. 

9.  But  to  fhew,  that  a fmaller  change  than  one  would  imagine,  of 
the  bulk,  fhape,  or  folidity  of  the  corpufcles  of  a menftruum,  may 
fit  it  to  diffolve  a body,  it  would  not  work  on  before  •,  we  find 
not,  that  our  fpirit  of  fait  here  in  England , will  at  all  diffolve  crude 
gold  *,  but  by  putting  fome  leaf-gold  into  a convenient  quantity  of 
good  fpirit  of  fait,  when  we  had  drop’d  in  fpirit  of  nitre,  till  the 
mixture  was  juft  able,  in  a moderate  heat,  to  diffolve  the  gold,  we 
found,  that  we  had  been  obliged  to  employ  only  twelve  drops  of 
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Physics,  the  latter  liquor,  to  an  ounce  of  the  former ; fo  that  fuppofing  each 

S/YV  of  thefe  drops  to  weigh  a grain,  the  fortieth  part  of  fpirit  of  nitre  being 
added,  ferved  to  turn  the  fpirit  of  fait  into  a kind  of  Aqua  regis.  But  to 
know  the  proportion  more  exactly,  we  weighed  fix  other  drops  of  the  fame 
fpirit  of  fait,  and  found  them  not  fully  to  amount  to  three  grains  and  ah 
half : whence  it  appeared  that  we  added  but  about  a feventieth  part  of  the 
nitrous  fpirit,  to  that  of  fait. 

10.  The  experiments  hitherto  recited,  relate  chiefly  to  the  production 
of  corrofive  menftruums  I fhall  now  give  an  account  of  two  experiments, 
which  I made,  manifeftly  to  leflen,  or  quite  deftroy  corrofivenefs  in  li- 
quors, very  confpicuous  for  that  quality.  One  of  the  corrofive  menftru- 
ums yet  known,  is  oil  of  vitriol,  which  will  fret  feveral  metals,  minerals, 
and  a great  number  and  variety  of  animal  and  vegetable  bodies  to  pieces  ; 
yet  if,  for  a while,  you  digeft  with  it,  an  equal  weight  of  highly  rec- 
tified fpirit  of  wine,  and  afterwards  diftil  the  mixtures  very  warily,  you 
may  obtain  much  of  a liquor  not  corrofive  at  all ; and  the  remaining  fub- 
ftance  will  be  reduced  partly  into  a liquor,  which,  tho’  acid,  is  not 
more  fo,  than  one  part  of  good  oil  of  vitriol  will  render  ten  times 
as  much  common  water,  by  being  well  mixed  with  it  * and  partly 
into  a dry  fubftance,  which  hath  fcarce  any  tafte  at  all,  much  lefs  a cor- 
rofive one. 

11.  And  tho’  Aqua  fortis  be  the  moft  generally  employ’d  of  corro- 
five menftruums  •,  yet  to  fliew  how  much  the  power  of  corroding  may 
be  taken  away  by  changing  the  mechanical  texture  of  a menftruum, 
without  feeming  to  deftroy  the  fretting  falts  ; I took  equal  parts  of 
good  Aqua  fortis , and  highly  dephlegmed  fpirit  of  wine-,  and  having 
mixed  them  warily,  by  degrees,  we  united  them,  by  two  or  three 
diftillations  of  the  whole  mixture  *,  which  we  afterwards  found  not  to 
have  the  leaft  fretting  tafte,  and  to  be  fo  deprived  of  its  corrofive 
nature,  that  it  would  not  work  upon  filver,  tho’  by  precipitation,  or 
otherwife,  reduced  to  very  fmall  parts  j nay,  it  would  fcarce  fenfibly 
work,  in  a long  time,  on  filings  of  copper,  or  upon  other  bodies,  which 
mere  vinegar,  or  pehaps  rhenifh  wine  will  corrode.  And  with  ano- 
ther fpirit,  not  urinous,  and  afterwards  with  fpirit  of  wine,  we  fhewed 
a more  furprizing  inftance  of  the  power  of  deftroying  the  corrofive- 
nefs of  a menftruum.  For  having  put  a piece  of  copper-plate  into 
one  ounce  of  Aqua  fortis  when  the  liquor  was  eagerly  working  upon 
the  metal,  I caufed  an  ounce  of  the  pure  fpirit  of  wine,  to  be  poured 
upon  the  agitated  mixture  ; whofe  effervefcence,  at  the  firft  inftant, 
feemed  to  be  much  increafed ; but  it  was  prefently  after  checked,  and 
the  menftruum  being  fpeedily  difarmed  of  its  corrofivenefs,  ? the  re- 
maining copper  was  left  undiflolved  at  the  bottom.  Nor  are  thefe 
the  only  acid  menftruums,  which  I have,  in  this  way,  corrected  : I 
applied  it  alfo  to  others,  as  fpirit  of  nitre,  and  even  Aqua  regis  itfelf; 
but  it  has  not  an  equal  operation  upon  all3  and  the  leaft  upon  fpirit  of 
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fait  •,  as  on  the  other  fide,  it  fucceeds  to  greater  fatisfa£lion  upon  ftrong Physics. 
fpirit  of  nitre. 

Moft  of  the  chymifts  pretend,  that  the  folution  of  bodies  are  per- 
formed by  a certain  cognation  and  fympathy  between  the  menftruum, 
and  the  body  whereon  it  is  to  operate  : and  indeed,  in  feveral  inftances, 
there  is,  as  it  were,  a relation  between  the  menftruum  and  the  body 
to  be  diffolved  •,  as  when  fulphur  is  diffolved  by  oils,  whether  exprefs’d  or 
diftilled : yet,  as  the  opinion  is  generally  propofed,  I cannot  acquiefce  in 
it  ; becaufe  there  are  various  folutions  and  other  phenomena,  where  it 
will  not  take  place  ; and  becaufe,  even  in  thofe  inftances  wherein  it  is 
thought  moft  applicable,  the  effedt  feems  to  depend  upon  mechanical 
principles. 

12.  And  firft,  it  will  be  difficult  to  ftiew,  what  relation  there  is  be- 
tween fal-gem,  antimony,  iron,  zink,  bread,  camphire,  Lapis  Calamina- 
ris , fiefh  of  feveral  kinds,  oyfter-ihells,  chalk  and  quick- lime  ; fome  of 
which  belong  to  the  vegetable,  fome  to  the  mineral,  and  fome  to  the  ani- 
mal kingdom  *,  yet  all  of  thefe,  and  feveral  others  may,  even  without  the 
affiftance  of  external  heat,  be  diffolved  or  corroded  by  one  fmgle  mineral 
menftruum,  oil  of  vitriol. 

13.  I obferve  alfo,  that  a diffolution  may  be  made  of  the  fame  bo- 
dy, by  menftruums,  to  which  the  chymifts  attribute  mutual  antipa- 
thy, and  which,  therefore,  are  not  likely  to  fympathize  with  the  fame 
third  body : thus  I found,  that  by  Aqua  fortis , and  fpirit  of  wine,  up- 
on whofe  mixture,  there  enfues  a conflid,  with  great  efFervefcence,  will 
each  of  them  a-part,  readily  diffolve  crude  zink,  as  alfo  the  filings  of 
copper.  Pure  fpirit  of  wine,  and  oil  of  vitriol,  as  great  a difference 
as  there  is  between  them  in  many  refpeds,  will  each  of  them  diffolve 
camphire : and  to  thefe  might  be  added  other  inftances  of  the  like 
nature. 

14.  As  to  what  is  commonly  faid,  that  oils  diffolve  fulphur,  and 

faline  menftrua  metals,  by  reafon  of  their  fimilitude ; I anfwer,  that 
where  there  is  any  fuch  fimilitude,  it  may  very  probably  be  afcribed 
not  fo  much  to  the  effential  forms  of  the  bodies,  that  are  to  work 
on  each  other,  or  to  their  fait,  fulphur,  or  mercury ; but  to'  the 
congruity  between  the  pores  and  figures  of  the  menftruum,  and  the 
body  diffolved  by  it  ; and  to  fome  other  mechanical  properties  of 
them.  Thus  filver  will  not  only  be  diffolved  by  nitre,  which  is  rec- 
kon’d a fait,  but  will  amalgamate  with  quick-filver,  and  alfo,  by  the 
operation  of  brimftone,  be  eafily  incorporated  with  that  mineral,  which 
chymifts  account  of  fo  oleaginous  a nature,  and  infoluble  in  Aaua 
fortis.  * 

15.  And  as  for  thofe  diffolutions,  which  are  made  with  oily  and 
inflammable  menftruums,  of  common  fulphur,  and  the  other  like  bo- 
dies *,  they  do  not  plead  for  them  fo  clearly,  as  chymifts  imagine.  For 
if  fuch  menftruums  operate,  upon  account  of  their  fulphureous  nature  ; 
whence  is  it,  that  highly  redified  fpirit  of  wine  will  not  diffolve  even  the 
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Physics,  flowers  of  brimftone,  which  effential,  as  well  as  exprefs’d  oils,  eafily  take 

V/W  up  ? And  this  fpirit  of  wine,  itfelf,  will  immediately  do,  if  by  the  help 
of  an  alkali,  the  texture  of  the  brimftone  be  altered  •,  tho’  the  only  thing 
added  to  the  fulphur,  being  an  incombuftible  fubftance,  is  nothing  near 
of  fo  fulphur  eons  a nature  as  the  flowers,  and  need  have  no  relation,  up- 
on account  of  its  origin  with  fpirit  of  wine,  as  fait  of  tartar  has ; fince 
I have  tried,  that  fixed  nitre  will  do  the  fame. 

1 6.  Salt-petre,  being  looked  upon  bychymifts,  as  a very  inflammable  bo- 
dy, ought,  according  to  them,  tobeofavery  fulphureous  nature  *,  yet  we 
find,  that  it  is  not  readily  difiblved  in  chymical  oils,  but  in  water.  Chy- 
mifts  tell  us,  that  the  folutions  of  alkalies,  fuch  as  fait  of  tartar,  or  of 
pot-afties,  in  common  oils,  proceed  from  the  great  fimilitude  between  them  v 
but  I demand,  whence  it  happens,  that  fait  of  tartar  will,  by  boiling,  be 
diflolved  in  the  exprefs’d  oil  of  almonds,  or  of  olives,  and  be  reduced 
with  it  toafoapy  body  ; tho*  with  the  effential  oil  of  juniper,  or  anifeed,  (Ac. 
where  what  they  call  the  fulphur,  is  made  pure  and  penetrant,  you  may  boil 
fait  of  tartar  twenty  times  as  long  without  making  any  foap  of  them, 
or  perhaps  any  fenfible  folution  of  the  alkali  ? And  chymifts  know,  how 
unfuccefsfully  it  is  attempted  to  diffolve  pure  fait  of  tartar,  in  pure 
fpirit  of  wine.  I will  not  urge,  that  tho’  the  moft  confpicuous  mark 
of  fulphur  be  inflammability,  and  is,  in  an  eminent  degree,  to  be 
found  in  oil,  as  well  as  fulphur  *,  yet  an  alkali,  and  water,  which  are 
neither  fingly,  nor  when  united,  inflammable,  will  diffolve  common 
fulphur. 

17.  But  to  make  it  probable,  againft  the  chymifts,  that  the  folu- 
tion of  fulphur  in  exprefs’d  oils,  depends  upon  fomething  befides  the 
abundance  of  the  leconcl  principle  in  both  the  bodies,  many  chymi- 
cal writers  themfelves  reckon  Aqua  regis , which  is  plainly  a faline  men- 
ftruum,  and  diffolves  copper,  iron,  coral,  (Ac.  like  acid  liquors,  among 
the  folvents  of  fulphur  •,  and  by  that  power,  amongft  other  things,  di- 
ftinguifh  it  from  Aquafortis.  On  the  other  fide,  if  there  be  a congrui- 

ty,  between  an  exprefs’d  oil,  and  another  body,  tho’  it  be  fuch,  as  by 
its  being  eafily  diffolved  in  acid  falts,  chymifts  fhould  pronounce  of  a 
faline  nature,  an  exprefs’d  oil  will  readily  work  upon  it  •,  as  I have 
tried  by  digefting  copper  filings,  with  oil  of  fweet  almonds,  which  took 

up,  like  a corrofive  liquor,  fo  much  of  the  metal,  as  to  be  deeply  co- 
loured thereby.  Nay,  even  with  milk,  I have  found  a kind  of  diffo- 
lution  made  of  crude  copper,  as  appeared  by  the  greenifh  blue  co- 
lour the  filings  acquired,  when  they  had  been  well  drenched  in  it, 
and  left  for  a certain  time  in  the  veffel,  where  the  air  had  very  free  ac- 
cefs  to  them, 

18.  Befides  the  argument  drawn  from  Aqua  regis , it  may  be  proper 
to  urge  another  of  the  fame  kind  againft  the  generality  of  the  fol- 
lowers of  Helmont  and  Paracelfus , who  allow  of  the  operations  of  the 
alkaheft.  It  is  affirmed,  that  this  irrefiftible  menftruum  will  diffolve 
all  tangible  bodies  into  infipid  water  j but  then  as,  on  the  other  fide. 
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it  will  be  very  hard  to  conceive,  how  a particular  menftruum,  which  is  Physics 
determined  to  be  either  acid,  lixiviate,  or  urinous,  (Ac.  fhould  be  able 
to  difTolve  fo  great  a variety  of  bodies,  of  differirg,  and  perhaps  con- 
trary natures  ; fo,  on  the  other,  if  the  alkaheft  be  not  a particular~ 
menftruum,  it  greatly  difcredits  the  opinion  of  the  chymifts,  who  will 
have  fome  bodies  diflolvable  only  by  acids,  others  by  fixed  alkalies,  and 
others  again  by  volatile  falts  ; fince  a menftruum  which  is  neither  acid, 
lixiviate,  nor  urinous,  is  able  to  difTolve  bodies,  in  lome  of  which,  one, 
and  in  others,  another  of  thofe  principles  is  predominant.  So  that  if 
a liquor  be  conveniently  qualified,  it  is  not  neceffary  it  fhould  be 
either  acid,  to  difTolve  pearl,  or  coral,  or  alkalizate,  to  difTolve  ful- 
phur. 

19.  If  we  duly  refledl  upon  the  ufual  procefs  in  making  Mercurius 
dulcis,  we  fhail  find  it  very  favourable  to  our  hypothefis.  For  tho* 
we  have  already  fhewn,  that  common  lublimate,  made  of  mercury,  is 
a highly  corrofive  body  ; yet  if  it  be  well  ground,  with  near  an 
equal  weight  of  quick-filver,  and  be  a few  times  fublimed,  it  will  be- 
come fo  mild,  as  not  to  tafte  fharp  upon  the  tongue ; whence  the 
chymifts  call  it  Mercurius  dulcis ; yet  this  dulcification  feems  to  be 
perform’d  in  a mechanical  way.  For  moft  parts  of  the  falts,  which 
made  the  fublimate  fo  corrofive,  abide  in  the  Mercurius  dulcis  *,  but 
being  compounded  with  more  quick-filver,  they  are  diluted  by  it,  and 
acquire  a new  texture,  which  renders  them  unfit  to  operate,  as  they  did 
before,  when  the  fretting  falts  were  not  joined  with  a fufticient  quantity 
of  the  mercury,  to  reftrain  their  corrofive  adlivity.  And  this  it  may 
do  either  by  fheathing,  or  rubbing  and  grinding  off  their  fharp  points,  or 
cutting  edges  *,  as  by  fome  fuch  mechanical  change,  fretting  falts  either 
quite  lofe  their  fharpnefs,  as  alkalies,  whilft  they  are  imbodied  with  fand 
in  common  glafs  ; or  greatly  abate  in  their  corrofive  acidity,  as  oil  of  vi- 
triol, when,  with  fteel,  it  compofes  Vitriolum  Martis  ; or  are  elfe  tranf- 
muted  or  difguifed,  by  conjundlion  with  fome  corroded  bodies  of  a peculi- 
ar texture,  as  when  Aquafortis  makes,  with  filver,  an  extremely  bitter  fait 
of  vitriol  ; and  with  lead,  one  which  is  pofitively  fweet,  almoft  like 
common  Saccharum  Saturni. 

20.  And  to  fhew  how  much  the  efficacy  of  a menftruum  may  de- 
pend, even  upon  flight  mechanical  circumftances  *,  I put  upon  lead  a 
large  quantity  of  well  rectified  Aqua  fortis  in  which  the  metal  conti- 
nued undiffolved  ; tho’,  if  the  chymifts  fay  true,  that  the  diffolving 
power  of  the  menftruum  confifts  only  in  the  acid  falts,  with  which  it 
abounds,  it  feems  naturally  to  follow,  that  the  more  of  them  are  contain’d 
in  a determinate  quantity  of  the  liquor,  the  more  able  it  fhou’d  be  to 
difTolve  metalline  bodies.  And  in  effedt  we  fee,  that  if  corrofive  men- 
ftruums  be  not  fufficiently  dephlegmed,  they  will  not  work  on  feve- 
ral  of  them.  Conjedturing,  however,  that  the  faline  particles,  which 
fwam  in  our  Aquafortis , might  be  more  thronged  together,  than  was 
convenient  for  a body  of  fuch  a texture  of  faline  parts  j I diluted  the 
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Physics  menftruum  with  fair  water,  upon  which  the  defired  fitnefs  betwixt  the 
agent  and  the  patient  enfued  i when  the  liquor  quickly  began  to  fall  upon 
the  metal,  and  dilTolved  it.  And  thus  filver,  which,  I found,  would 
not  diflolve  in  very  ftrong  Aqua  fortis , was  readily  fallen  upon  by  that 
menftruum,  when  I had  weakened  it  with  common  water. 


SECT.  IT. 

Ahe  theory  of  1 0rrofibility  being  the  correfpondent  quality  to  corrrofivenefs,  the 

cprrojibility.  diftin&ion  already  made  of  the  former,  will  fliew  in  what  fenfe  I 

ufe  the  latter.  And  this  corrofibility,  of  bodies,  as  well  as  their  corro- 
fivenefs,  is  a relative  thing ; fince  gold,  for  inftance,  will  not  be  diflfol- 
ved  by  Aquafortis , but  will  by  Aqua  regis  \ whilft  filver  cannot  be  dif- 
folved  by  the  latter  of  thefe  menftruums,  but  may  by  the  former.  And  this 
relative  property  feems  to  confift  chiefly  in  three  requifites,  all  which  de- 
pend upon  mechanical  principles. 

The  fir  ft  is.,  that  the  body  to  be  corroded  have  pores  of  fuch  a 
magnitude  and  figure,  that  the  corpufcles  of  the  folvent  may  enter 
them,  and  agitate  the  folid  parts,  which  inclofe  them  : for  want  of 
this  condition,  glafs  is  penetrated  in  a multitude  of  places,  but  not 
difiipated,  by  the  incident  rays  of  light,  which  permeate  its  pores  with- 
out any  confiderable  refiftance.  And  tho’  the  interftices  of  a body  were 
lefs  minute,  and  capable  of  letting  in  fome  groffer  corpufcles  ; yet  if 
thefe,  for  want  of  folidity  or  rigidnefs,  were  too  flexible,  or  of  a 
figure  unfuitable  to  that  of  the  pores  they  fhould  enter,  a diflolu- 
tion  would  not  enfue  ; as  it  happens,  when  pure  fpirit  of  wine  is,  in 
the  cold,  put  upon  fait  of  tartar,  cv  Aqua  fortis  upon  powder  of  ful- 
phur. 

The  fecond  qualification  is,  that  its  confiftent  corpufcles  be  of  fuch 
a bulk  and  folidity,  as  does  not  render  them  incapable  of  being  dis- 
joined by  the  action  of  the  infinuating  corpufcles  of  the  menftruum. 
Agreeable  to  this,  and  the  former  obfervation,  is  the  pradice  of  chy- 
mifts,  who,  when  they  would  have  a body  wrought  upon  by  a men- 
ftruum, otherwife  too  weak  for  it  in  its  crude  ftate,  difpofe  it  to  re- 
ceive the  a&ion  of  the  folvent  by  previoufly  opening  it,  that  is,  by 
enlarging  the  pores,  making  a communication  of  the  corpufcles,  or  wea- 
kening their  cohefion.  Thus,  feveral  bodies  are  brought,  by  fit  pre- 
parations, to  be  refoluble  in  liquors,  which  would  not  work  on  them 
before.  Thus,  lime*ftore  by  calcination  becomes,  in  part,  difioluble  in 
water  ; and  fome  metalline  calces  will  be  wrought  upon  by  Solvents, 
that  would  not  touch  the  crude  metal.  Thus,  tho>  crude  tartar  is 
very  flowly  difioluble  in  cold  water,  yet  when  burnt,  it  may  be  pre« 
fently  diflolved  in  that  liquor.  And  thus,  tho*  the  filings  of  filver 
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will  not  be  at  all  diflblved  by  common  water,  or  fpirit  of  wine,  yet  Physics. 
if,  by  the  interpofttion  of  the  faline  particles  of  Aqua  fortis , the  cor- 
pufcles  be  fo  disjoined,  and  fuller  fuch  a comminution,  as  they  do  in 
cryftals  of  filver ; the  metal  thus  prepared,  will  eafily  diffolve,  not  only 
in  water,  but  in  well  rectified  fpirit  of  wine.  And  the  like  folubility  I 
have  found  in  the  cryftals  of  lead  made  with  fpirit  of  verdigreafe,  or 
good  diftilled  vinegar,  and  in  thofe  of  copper  made  with  Aquafortis. 

The  laft  difpofition  to  corrofibility  confifts  in  fuch  a cohefion  of  the 
parts,  as  is  not  too  ftrong  to  be  fuperable  by  the  adlion  of  the  men- 
ftruum.  This  condition,  tho*  of  kin  to  the  former,  is  fomewhat  diffe- 
rent from  it ; fince  a body  may  confift  of  parts,  either  bulky,  or  folid, 
which  yet  may  touch  one  another  in  fuch  fmall  portions  of  their  fur- 
faces,  as  to  be  much  more  eafily  diffociable,  than  the  minute  or  lels  folid 
parts  of  another  body,  whofe  contact  is  more  full  and  clofe,  and  con- 
sequently their  cohefion  more  ftridt ; fo  that  the  corrofibility  of  a body 
is  but  a mehanical  relation,  refulting  from  the  mechanical  properties  and 
contexture  of  its  parts,  as  they  intercept  pores  of  fuch  lizes  and  figures, 
as  fit  them  to  thofe  of  the  corpufcles  of  the  menftruum,  which  enter 
between  and  disjoin  them.  But  to  confirm  this  do&rine  with  a few  expe- 
riments. 

1*.  If  we  put  highly  re&ified  fpirit  of  wine  upon  fulphur,  or  its  flowers,  Confirmed  by 
the  liquor  will  lie  quietly  thereon,  without  making  any  vifible  folution  ; exPert^enti • 
and  if  fuch  fpirit  were  put  upon  very  dry  fait  of  tartar,  the  fait  would 
lie  undifiolved  at  the  bottom  : yet  if  the  fulphur  be  firft  gently  melted, 
and  the  fait  of  tartar  by  degrees,  put  to  it,  and  mixed  therewith  ; as 
there  refults  a new  texture,  difcoverable  by  the  new  colour,  fo  there  will 
arife  a difpofition  to  be  diflblved,  that  was  not  before  in  either  of  the 
ingredients  ; whence,  tho’  the  mixture  be  kept  till  quite  cold,  or  long 
after,  provided  it  be  fecured  from  the  air,  the  fpirit  of  wine,  being 
put  to  it,  will  thence  acquire  a yellow  tin&ure  in  a minute ; and  in 
lefs  than  half  a quarter  of  an  hour,  a red  one  •,  being  richly  impregna- 
ted with  fulphureous  particles,  difcoverable  by  the  fmell,  tafte,  and  fe- 
veral  operations. 

2.  Spirit  of  fait  will  not  diflolve  crude  mercury  in  the  cold  * and  I 
once  kept  them,  for  a conftderable  time,  in  no  fmall  heat,  without 
finding  any  folution.  But  if  mercury  be  precipitated  per fe , that  is,  re- 
duced to  a red  powder  without  addition,  by  the  mere  operation  of  the 
fire  ; the  texture  will  be  fo  changed,  that  the  fpirit  of  fait  will  readily 
diffolve  it. 

3.  And  this  experiment  is  the  more  remarkable  becaufe,  tho’  oil 
of  vitriol  will,  in  a great  heat,  corrode  quick-filver  ; yet  I kept  a 
precipitate  per  fe,  for  feveral  hours,  in  a conftderable  degree  of  heat, 
without  finding  it  to  be  diflblved,  or  corroded  by  the  menftruum  : 
but,  having  put  another  parcel  of  the  fame  mercurial  powder  into  cold 
Aquafortis , or  fpirit  of  nitre,  a fpeedy  diflolution  enfued.  And  that 
his  difpofition  to  be  difiolved  by  fpirit  of  fait,  which  mercury  ac- 
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Physics,  quires  by  being  turned  into  a precipitate  per  fe,  is  not  merely  the  effect 
of  the  operation  of  the  fire  upon  it,  but  of  fome  change  of  texture,  pro- 
duced by  that  operation,  may  be  argued  from  hence,  that,  tho’  fpi- 
rit  of  fait  be  a very  proper  menftruum  to  difiolve  iron,  or  fteel ; yet 
when  that  metal  is  reduced  to  a crocus,  by  the  aCtion  of  the  fire,  it  leaves 
in  the  bottom  of  the  glafs,  a confiderable  part  fcarce  fenfibly  altered  \ 
fo  that  the  menftruum  has  feemed  rather  to  have  extracted  a tindture, 
than  to  have  made  an  ordinary  folution  : for  the  colour  of  it  was  a high 
yellow  or  reddifh  •,  whilft  iron,  difiolved  in  fpirit  of  fait,  affords  a green 
folution.  Whether,  by  repeated  operations  with  frefh  menflruums,  far- 
ther diffolutions  might  in  time  be  made,  I will  not  fay ; it  may  fuf- 
fice  for  our  prefent  purpofe,  that  iron,  by  the  operation  of  the  fire,  ac- 
quired not,  as  mercury  had  done,  a facility,  but  a great  indifpofition 
to  be  diffolved  by  fpirit  of  fait.  We  varied  this  experiment,  by  employing 
inftead  of  fpirit  of  fait  flrong  oil  of  vitriol,  which,  being  poured  on  a 
little  Crocus  Martis , made  per  fe , did  not,  as  that  menftruum  ufually  does 
upon  filings  of  crude  iron,  readily  fall  upon  the  powder,  with  froth  and 
noife,  but  refted  for  feveral  hours  calmly  upon  it,  without  producing  any 
fenfible  warmth. 

4.  And  it  agrees  very  well  with  our  dodlrine  about  the  dependance 
of  the  corrofibility  of  bodies  upon  their  texture,  that  from  feveral  of  them, 
whilft  they  are  in  conjunction  with  others,  there  refult  maffes,  eafily  dif- 
foluble  in  liquors,  wherein  a great  part  of  the  matter,  if  feparated  from 
the  reft,  would  not  be  at  all  diffolved.  Thus,  common  vitriol  is  eafily 
diffolved  in  mere  water  *,  but  if  fkilfully  calcined,  it  will  yield  near  half 
its  firft  weight  of  infipid  colcothar,  which  is  foluble,  neither  in  water, 
in  Aquafortis,  or  Aqua  regis  \ tho’  fometimes  thefe  will  colour  them- 
felves  upon  it.  We  fee,  likewife,  that  fimple  water  will  by  boiling  it 
with  harts-horn,  diffolve  and  make  a jelly  thereof ; and  yet,  when  cal- 
cined, common  water  is  no  longer  a fit  folvent  for  it,  nor  even  oil  of  vi- 
triol a thorough  one. 

5.  I ftiall  recommend  to  the  followers  of  Hehnont , an  experiment  of 
his,  which  feems  to  fuit  with  the  doClrine  propofed.  He  tells  us,  that 
if,  by  a certain  fubtile  menftruum,  quick-filver  be  diverted  of  its  ex- 
ternal fulphur,  as  he  terms  it,  all  the  reft  of  the  fluid  metal,  which 
he  ftiles  the  kernel  of  mercury,  will  be  no  longer  corrofible  by  it.  So 
that  upon  this  fuppofition,  tho’  common  quick-filver  be  fo  fuited  to  Aqua 
fortis , that  the  fame  quantity  of  that  will  diffolve  more  of  it,  than  of 
any  other  metal  ; yet,  if  by  the  deprivation  of  fome  portion  of  it,  the 
latent  texture  of  the  metal  be  altered,  tho’  not  the  vifible  appearance,  the 
body,  which  before  was  fo  eafily  diffolved  by  Aqua  fortis , ceafes  to  be 
at  all  diffoluble  by  it. 

6.  As  for  thofe  chymifts,  who  credit  the  ftrange  things  affirmed  of 
the  alkaheft  ; we  may  urge  them  with  what  is  delivered  by  Helmonty 
where  he  afferts,  that  all  folid  bodies,  as  ftones,  minerals,  and  metals 
themfelves,  by  having  this  liquor  duly  abftraCted,  or  diftilled  off  from 

them, 
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them,  may  be  changed  into  fait,  of  equal  weight  to  the  relpedlive  bo- 
dies, whereon  the  menflruum  was  put.  So  that,  fuppofing  the  alka- 
hefl  to  be  totally  abftracfted,  what  other  change,  than  of  texture,  can  be 
reafonably  imagined  to  have  been  made  in  the  tranfmuted  bodies  ? Yet 
feveral  of  them,  as  flints,  rubies,  fapphires,  gold,  filver,  &c.  which 
were  infoluble  before  *,  fome  of  them  in  any  known  menftruums,  and  o- 
thers  in  any  but  corrofive  liquors*,  become  capable  of  being  diflolved 
in  common  water, 

7.  It  is  a remarkable  phenomenon,  and  confirms  our  opinion,  about 
the  intereft  of  mechanical  principles  in  the  corrofive  power  of  menftru- 
ums, and  the  corrofibility  of  bodies,  that  is  produced  in  the  following 
experiment.  If  we  put  large  grains  of  fea-falt  into  common  water,  they 
will  be  difloved  calmly  therein,  without  any  appearance  of  conflict ; 
but  if  fuch  grains  of  fait  be  put  into  good  oil  of  vitriol,  that  liquor 
will  fall  furioufly  upon  them,  and  produce,  for  a long  while,  an  hifling 
noife  with  fumes,  and  numerous  bubbles,  as  if  a potent  menftruum  were 
corroding  fome  ftubborn  metal. 

8.  And  tho*  Aquafortis  or  Aqua  regis  poured  upon  filings  of  copper, 
will  work  upon  them  with  much  noife  and  ebullition,  I have  tried  that 
good  fpirit  of  fal-armoniac,  or  of  urine,  being  put  upon  the  like  fi- 
lings, and  left  there,  without  flopping  the  glafs,  will  quickly  begin  to 
work  on  them,  and  quietly  diflolve  them,  almoft  as  water  diflolves 
fugar.  And  even  with  oil  of  turpentine,  I have  diflolved  crude  cop- 
per *,  and  the  experiment  feemed  to  favour  our  conjecture  the  more,  be- 
caufe  having  made  it  feveral  times,  it  appear’d  that  the  common  unrec- 
tified oil  would  perform  the  folution  much  quicker,  than  that  which 
was  purified  by  rectification  *,  which,  tho’  more  fubtile,  and  penetra- 
ting, was,  it  feems,  on  that  account,  lefs  fit  to  diflolve  the  metal,  than 
the  grofler  oil,  whofe  particles  might  be  more  folid,  or  more  advan- 
tageoufly  fliaped,  or  on  fome  other  mechanical  account  better  qualified 
for  the  purpofe. 

9.  Diflolve  good  filver  in  Aqua  fort  is,  and  precipitate  it  with  a fufficient 
quantity  of  fpirit  of  fait*,  then  having  wafh’d  the  calx,  which  will  be 
very  white,  with  common  water,  and  dried  it  well,  melt  it,  jjwith  a 
moderate  fire,  into  a fufible  mafs,  which  will  be  very  much  of  the  na- 
ture with  what  the  chymifts  call  Cornu  Luna , which  they  make  by  pre- 
cipitating diflolved  filver,  with  a bare  folution  of  fait,  made  in  common 
water.  And  tho’  fpirit  of  fait,  and  filver  diflolv’d  in  Aqua  fortis , will 
each  of  them  apart,  readily  unite  with  Ample  water,  our  Luna  Cornea 
will  not,  but  is  fo  indifpofed  to  difiolution,  that  I have  kept  fome 
long  in  digeftion,  with  Aqua  fortis , and  fome  in  Aqua  regis , and  in  no 
faint  degree  of  heat,  without  being  able  to  diflolve  it  like  a metal  *,  the 
menftrua  having,  indeed,  tinged  themfelves  upon  it,  but  left  the  com- 
pofition  diflolved  at  the  bottom. 
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MECHANICAL  PRODUCTION 
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TASTES,  and  ODOURS. 


SECT.  I. 

The  mechanic  \ Ccording  to  my  notion  of  taftes,  they  depend  upon  the  mag- 
cal  c a ufe “f  nitude,  figure,  and  motion  of  the  fapid  corpufcles,  confidered, 

taps.  A.  either  feparately,  and  as  the  properties  of  fingle  and  very  mi- 

nute particles  of  matter  ; or  elfe  in  a ftate  of  conjunction,  as  two  or 
more  of  thefe  properties,  and  the  particles  they  belong  to,  may  be 
combined,  or  affociated,  either  amongft  themfelves,  or  with  others,  which, 
were  not  fapid  before.  And  as  thefe  coalitions,  and  other  afibciations,. 
come  to  be  diverfified ; fo  the  taftes  refulting  from  them,  will  be  al- 
tered or  deftroy’d.  By  tafte,  confidered  as  belonging  to  the  object,  I 
mean  that  quality,  or  whatever  elfe  it  be,  which  enables  a body  by 
its  operation  to  produce  in  us  the  fenfation,  we  call  tafte.  That  this  qua- 
lity, or  whatever  elfe  it  be  which  makes  or  denominates  an  object  fa- 
pid, may  fo  depend  upon  the  fhape,  fize,  motion  and  other  mechani- 
cal affections  of  the  fmall  parts  of  the  body  tailed,  and  refult  from  the 
affociation  of  two  or  more  of  them,  not  excluding  their  congruity,  or 
incongruity  to  the  organs  of  tailing,  may  be  made  probable  by  the 
following  inftances. 

J body,  almoft  i.  It  is  obferved,  that  falt-petre  refined,  and  freed  from  the  fea-falt 
inpid,  Jivi-  tjiat  mjxec[  with  it,  rather  cools  the  tongue,  than  makes  any  fapid 
^bodies^pvery  impreflion  on  it,  bating  a very  faint  and  languid  bitternefs,  which  feems 
Pong  aid  to  be  its  proper  tafte-,  yet  being  diftill’d,  by  the  way  of  inflammation, 
Very  differing 0r  by  the  help  of  a taflelefs  addition,  it  affords  both  a fpirit,  which  is 
taPcs'  'extremely  fharp  upon  the  tongue,  and  will  diffolve  feveral  metals, 

and 
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and  a fixed  fait,  which  is,  1 ike  wife  ? very  ftrongly  tailed,  but  altogether  Physics. 
different  from  that  of  the  fpirit ; and,  accordingly,  this  fait  will  diffolve  ^/TV* 
feveral  compadt  bodies,  that  the  other  v/ill  not  touch  ; and  precipitate 
various  metals,  and  other  concretes  out  of  thole  folutions,  which  have  been 
made  of  them  by  the  fpirit. 

2.  If  upon  the  liquor  of  fixed  nitre,  made  per  deliquium,  you  wari \y  Two  bodies, 
drop  juft  enough  good  fpirit  of  nitre,  to  fat.iate  the  alkali,  you  may,  by 

a gentle  evaporation,  and  fometimes  without  it,  obtain  cryftals,  which  other  alkali- 
will  have,  upon  the  tongue,  neither  a fharp,  nor  an  alkalizate  tafte,  but  zate,  .produce 
the  faint  and  fcarce  fenfible  bitternefs,  that  belongs  to  pure  falt-petre.  a third almoft 
• The  like  production  of  falt-petre  we  have  fometimes  had  in  far  lefs  time,  lT,Wl  ' 
vand  fometimes  indeed  in  a trice,  by  fubftituting,  inftead  of  the  fixed  fait 
of  nitre,  the  faline  parts  of  good  pot-afhes,  carefully  freed,  by  folution 
and  filtration,  from  the  earthy  and  feculent  ones. 

Now  the  phenomena  of  thefe  -two  experiments  may  feem  explicable 
from  the  new  magnitudes,  and  figures  of  the  particles,  which  the  fire, 
by  breaking,  or  forcibly  rubbing  them  one  againft  the  other,  or  al- 
fo  againft  the  corpufcles  of  the  addition,  may  be  prefumed  to  give 
them ; as  if,  for  example,  allowing  the  corpufcles  of  nitre  to  be  little 
prifms,  whole  angles  and  ends  are  too  obtufe  to  make  deep  imprefll- 
ons  on  the  tongue;  if  thefe  little  prifms  be,  by  a violent  heat,  fpl'it, 
or  otherwife  broken,  or  forcibly  made  to  grind  one  another,  they 
may  come  to  have  parts  fo  much  fmaller  than  before,  and  endowed  with 
fuch  iharp  fides  and  angles,  that  being  dilfolved  and  agitated  by  the 
faliva,  which  ufually  moiftens  the  tongue  ; their  fmallnefs  may  give 
them  free  accefs  to  the  pores  of  that  organ  ; and  the  fharpnefs  of  their 
Tides  and  points  may  fit  them  variously  to  ftab  and  cut  the  nervous 
Papilla  of  it,  according  to  the  grand  diverfities,  as  to  Ihape  and  bulk, 
of  the  fapid  particles.  And  this  being  granted,  it  feems  farther  con- 
ceivable, that,  when  the  alkalizate  and  acid  particles  were^jput  toge- 
ther in  the  fluid  mixture,  wherein  they  fwam,  many  of  them  might, 

After  a multitude  of  various  joftlings,  and  occurfions,  meet  with  one 
another  fo  luckily,  as  to  re-compofe  little  prifms,  or  convene  into 
other  bodies,  almoft  like  thofe,  that  made  up  the  cryftals  of  nitre, 
before  it  was  expofed  to  the  fire.  Thus,  tho5  a prifm  of  iron  may 
have  fuch  a fhape,  as  to  be  wholly  unfit  to  pierce  the  Ikin  ; yet  *tis 
poflible  to  cut  it  by  tranlverfe  planes,  reaching  to  the  oppofite  bafes 
or  ends,  fo  as  to  make  wedges,  which,  by  the  fharpnefs  of  their  an- 
gles, may  be  fit  to  cleave  wood,  and  cut  the  fkin  ; and  thefe 
wedges,  being  again  put  together,  after  a requifite  manner,  may  re- 
compofe  a prifm,  whofe  extremes  fhali  be  too  blunt  to  ferve  the  for- 
mer purpofe. 

3.  We  very  warily  pour’d  upon  cryftals  of  frlver,  difiolved  in  good  Aninfipid 
Aqua  fortis%  or  fpirit  of  nitre,  ftrong  brine,  made  of  common  fait  an  & mixture  of 
water.  The  mixture  of  thefe  being  dried,  and  afterwards  fufed  in  a 
crucible,  and  kept  a competent  time  in  that  ftate,  affords  a tough a ° 
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Physics,  mafs,  called  by  the  chy mills  Luna  cornea , which  being  Jick’d  feveral 
times,  will  fcarce  be  judged  other  than  infipid  ; nor  will  it  be  eafily 
brought  to  diffolve  in  much  more  piercing  menftruums  than  our  fa- 
liva. 

An  infipid  4.  Take  a ftrong  folution  of  minium,  made  with  good  fpirit  of  vin- 
tnixture  of  egar  . or  taj^e  Saccbarum  Saturni , diffolved  in  a convenient  vehicle  •,  and 
todies™  ^ be  very  careful  to  put  to  it,  by  degrees,  a juft  proportion  of  ftrong 
fpirit  of  fal-armoniac,  or  the  like  urinous  fpirit,  till  the  whole  be  pre- 
cipitated ; and  if  the  two  former  taftes  are  not  fufficiently  deftroy’d 
thereby,  the  mixture,  being  dried  and  fluxed,  as  in  the  Luna  cornea > 
will  become  infipid. 


An  infipid  ho-  ^ Difiolve  in  ftrong  fpirit  of  nitre,  or  good  Aqua  fortis , as  much 
Lttmakeam-  pure  filver,  as  the  menftruum  will  take  up  ; this  folution  being  filtred. 


aloes. 


then  more  bit-  has  been  often  efteemed  more  bitter  than  gall,  wormwood,  aloes, 
ter  than  gall,  and  if  the  fuperfluous  moifture  be  abftra<fted,  you  may,  by  coa- 

gulation, obtain  cryftals  of  filver,  that  have  been  judged  more  ftrong- 
ly  bitter  than  the  folution.  And  that  the  corpufcles  of  thefe  cryftals 
fhould  leave  a far  more  lading  tafte  of  themfelves  than  the  moft  bit- 
ter bodies,  will  not  feem  ftrange,  if  we  take  notice  how  deep  the  par- 
ticles of  thefe  cryftals  may  pierce  into  the  fpongy  organs  of  tafte  ; fince, 
if  one  does  but  touch  the  pulp,  or  nail  of  one’s  finger,  firft  a little 
wetted,  with  the  powder  of  fuch  cryftals,  it  will  penetrate,  and 
ftick  fo  faft  there,  that  you  cannot  in  $ reafonable  time  get  off  the 
ftain. 

6.  Put  purified  Aqua  fortis , or  fpirit  of  nitre,  upon  good  minium, 
letting  them  work  on  one  another  iff  a gentle  heat,  till  the  liquor  has 
diffolved  its  full  proportion  of  the  metal  ; when,  if  the  ingredients 
be  good,  and  the  operation  rightly  performed,  the  menftruum  will  have 
a fvveetnefs,  like  that  of  ordinary  Saccharum  Saturni.  But  if  the  mi- 
nium be  adulterated,  as  often  it  is  ; or  the  fpirit  of  nitre,  or  Aqua 
fortis  be  mixed  with  fpirit  of  common  fait,  or  other  unfit  ingre- 
dients, the  experiment  will  not  fucceed,  as  I have  more  than  once 
obferved. 

I ijuors  csrro-  7.  If  fugar  be  put  into  a large  retort,  and  warily  diftilled,  it  will 


An  infipid 
body  and  a 
corrofinje  one 
made  into  a 
fweet  fub- 
Jiance. 


five  enough  to  afford,  among  other  things,  a large  quantity  of  red  fpirit,  which  be 

ms 

tals , obtain  d 


difiolve  me  jng  flowly  rectified,  lofes  its  colour,  and  comes  over  clear.  The  Caput 


from  the  mortuum  of  the  fugar  may  be  found  either  almoft,  or  wholly  infipid. 
fixcctefibodies.  And  tho’  the  fpirit  will  be  of  a very  piercing  tafte,  yet  it  will  be  ve- 
ry far  from  any  kind  of  fweetnefs  ; and  tho’  that  liquor  be  thought 
homogeneous,  and  to  be  one  of  the  principles  of  the  analyzed  fugar, 
yet  I found  it  to  be  a mixture  of  two  fpirits  ; with  the  one  of  which, 
befides  bodies  of  a lefs  clofe  texture,  I diffolv’d  crude  copper;  as  was 
eafy  to  be  feen  by  the  deep  and  lovely  colour  of  the  folution.  And 
to  thefe  four  fpirits,  afforded  by  fugar  itfelf,  we  have  reftored  a kind 
of  faccharine  fweetnefs,  by  compounding  them  with  the  particles  of 
fo  infipid  a body  as  minium  ; part  of  which  they  will  in  digeftion  dif- 
folve. 
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folve.  A like  fpirit  to  that  diftilled  from  fugar,  may  be  obtained  from  Physics. 
honey;  but  as  it  is  apt  to  fwell  exceedingly,  chymifts  do  not  diftil  it 
without  fand,  brick,  or  fome  other  addition. 

8.  Put  fome  fine  cryftals  of  filverinto  a good  retort,  and  then  diftilling  4 body,  bitter 
them  in  a fand-furnace,  capable  of  giving  them  fo  ftrong  a fire,  as  vJe  ^ 

to  drive  away  all  the  fpirits  from  the  filvcr,  this,  remaining  behind,  2d  into  lpwo 
will,  according  to  its  metalline  nature,  be  infipid,  and  the  fpirits,  that fubjlances,  the 
are  driven  away  from  it,  will  unite  in  the  receiver  into  an  acid  and one  extremely 
corrofive  menftruum.  ^otber 

9.  As  the  following  operation  may  help  to  difcover  the  figures  of  infipid . ’ y 
the  particles  of  diflolved  metals,  and  other  bodies ; fo  it  is  very  fit  Variety  of 
to  fliew  how  much  tafte  may  be  diverfified  by,  and  confequently  de-  taftes produced 
pend  upon  texture  ; fince  a body,  that  hath  no  tafte,  may,  in  con-  ™ otle  infipid 
junction  with  fapid  bodies,  give  them  ftrong  taftes,  all  differing  from 

one  another,  and  each  of  them  from  that,  which  the  fapid  bodies  had  different  men- 
before.  Zink  will  be  diffolved  not  only  by  Aquafortis,  Aqua  regis , oWftruums. 
of  vitriol,  fpirit  of  nitre,  fpirit  of  fait,  and  other  mineral  menftruums, 
but  alfo  by  vegetable  fpirits,  as  diftilled  vinegar  ; and  by  animal  ones 
too,  as  fpirit  of  fal-armoniac  ; tho’  the  one  be  acid,  and  the  other 
urinous.  And  if  the  feveral  folutions,  which  may  be  made  of  this 
mineral,  by  fo  many  different  liquors,  be  compared,  the  number  of 
their  different  taftes  will  fuffice  to  fhew  that  a variety  of  taftes  is 
producible  from  one  infipid  body,  by  affociating  it  with  different  men- 
ftrua. 

10.  The  next  experiment  may  pafs  for  a converfe  of  the  foregoing-,  Variety  of 
and  as  it  ferves  as  well  as  that  to  difcover  the  ftrudture  of  the  mi- 

nute  parts  of  metalline  and  mineral  bodies;  fo  it  may,  better  than  tha t^fruum,  by 
ferve  to  illuftrate  the  dodtrine  of  taftes ; by  Ihewing,  that  a fingle,  affociating  it 
fimple  body,  endowed  with  a peculiar  tafte,  may,  by  being  compoun-  lnfip'ld 
ded  with  others,  each  of  them  infipid  of  itfelf,  produce  a confiderable bo  us' 
number  of  differing  taftes.  More  inftruments  than  one  might  be  ufed 
in  this  experiment  ; but  of  thofe  which  are  known,  and  eafily  ob- 
tain’d, the  moft  proper  are  fpirit  of  nitre,  and  good  Aquafortis  ; which, 
with  refined  ffver,  make  a folution  bitter  as  gall  ; with  lead,  one  of 
a faccharine  fweetnefs  ; with  that  part  of  tin,  they  will  keep  diffolved, 
a tafte  very  different  from  both  the  former,  but  not  odious  ; with 
copper  an  abominable  tafte  ; and  with  mercury  and  iron,  other  kinds 
of  bad  taftes.  Nor  are  metals  the  only  mineral  bodies  they  thus 
work  upon  : they  alfo  diffolve  tin-glafs,  antimony,  brafs,  emery,  zink, 

(Ac,  all  which  together  make  up  no  defpicable  number  of  different 
taftes. 

1 1 . The  next  inftance  is  ftill  more  proper  for  our  purpofe ; becaufe 

the  corrofive  menftruum  is  here  neither  mortified  by  fixed  nor  urinous  corrojLe>  and 
falts,  fuppofed  to  be  of  a contrary  nature  to  it;  nor  yet  difarmed  \>y  the  other  very. 
corroding  of  metals,  or  other  folid  bodies.  The  experiment  being  fome- PunZent>  <■ :om- 
what  dangerous  when  made  in  great  quantities,  it  may  an/wer  our aptafant*- 

end,  romatic  tafte. 
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Physics,  end,  to  make  in  lefs,  as  follows.  Take  one  ounce  of  ftrong  fpirit  of  ni- 
tre,  or  of  very  good  Aqua  fortis , and  very  gradually  put  to  it  another 
ounce  of  redtified  fpirit  of  wine.  When  thefe  two  liquors  are  well 
mixed,  and  grown  cold  again,  diftil  them  totally  over  together,  to  u- 
nite  them  exquifitely  into  one  liquor  ; in  which,  if  the  operation  hath 
been  well  perform’d,  the  corrofive  particles  of  the  falts  will  not  only 
iofe  all  their  cutting  acidity  ; but  by  their  new  compofition  with  the 
vinous  fpirit,  the  liquor  acquires  a vinous  tafte,  which  is  very  pleafing  and 
aromatic. 

The  peculiar  *2.  Perhaps  it  will  not  be  erroneous  to  conceive,  that  whatever  be  the 
taftes  of  va - agent  in  reference  to  thofe  taftes,  which  are  faid  to  be  fpecific  to  this 
tural  bodies,  or  that  plant  •,  yet  that,  on  whole  immediate  account  it  is,  or  becomes 
imitated  by  ^ Qr  tiiat  nature,  is  a complication  of  mechanical  properties,  fuch 
as  fhape,  fize,  &c.  in  the  particles  of  the  matter,  which  is  faid  to  be  en- 
dowed with  fuch  a fpecific  tafte. 

To  illuftrate  this,  I attempted  to  imitate  the  tafte  of  fome  natural 
bodies  by  artificial  ones  j but  found  it  not  eafy,  before-hand  to  know 
the  fuccefs  of  fuch  trials.  Making  fome  experiments  to  alter  the  fen- 
fible  qualities  of  oil  of  vitriol,  and  fpirit  of  wine,  I obtained  from 
them,  among  other  things,  a certain  liquor,  which,  tho’  at  firft  plea- 
fant,  would,  at  a certain  juncture  of  time,  make  one  who  held  it  in 
his  mouth,  think  it  had  been  imbued  with  garlic.  And  a perfon 
famous  for  making  good  cyder  complain’d  to  me,  that  having  a- 
mong  other  trials,  put  into  a vefiel  full  of  juice  of  apples,  a certain 
proportion  of  muftard-feed,  in  hopes  it  would  make  the  cyder  more 
fharp  and  fpirituous,  he  found  it  fmell  fo  rank  of  garlic,  that  every 
body  rejedted  it.  I remember  alfo,  that  by  fermenting  a certian 
proportion  of  Semen  Dauci  with  ale,  the  liquor  had  a very  pleafant 
relifh  of  lemmon-peel.  But  it  feems  much  more  confiderabk,  that 
with  an  infipid  metal,  and  a very  corrofive  menftruum,  a tafte  may 
be  compounded,  fo  like  a vegetable,  as  to  deceive  many.  This  may 
be  done  by  diffolving  gold,  without  any  grofs  fait,  in  a mixture  of 
Aqua  fortis , and  the  fpirit  of  fait,  or  even  in  common  Aqua  regis , 
made  by  diffolving  fal-armoniac  in  Aqua  fortis.  For  if  the  experiment 
be  happily  made,  there  will  be  obtain’d,  either  a folutior,  or  a fait, 
whofe  auftere  tafte  very  much  refembles  that  of  floes,  or  unripe  bullace. 
And  this  tafte,  with  fome  little  variety,  I found  in  gold  diffolved  with- 
out any  diftilled  liquor  at  all  •,  and  alfo,  in  gold,  which  by  a peculiar 
menftruum  I had  volatilized.  The  next  inftance,  I found  to  have  been 
known  to  fome  ingenious  ladies.  But  to  make  the  experiment  fuc- 
ceed  very  well,  a due  proportion  is  the  principal  circumftance,  which  iis 
ufually  negledted.  I cannot  call  to  mind  that  which  I found  to  fuc- 
ceed  beft,  but  thejtrial  may  be  indifferently  well  made,  after  this  man- 
ner. Take  a pint  of  malaga  or  canary,  and  put  into  it  a dram  or  two 
of  good  orrice  roots,  cut  into  thin  flices,  and  let  them  infufe  in  the 
liquor  for  a convenient  time,  till  you  perceive  it  has  gain’d  the  defired 

tafte 
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tafte  and  fmell  ; then  keep  the  thus  perfumed  wine  exactly  ftoppe:i  in  a Physics. 
cool  place  : by  this  means,  I had  a liquor,  which,  coloured  with  co-  s/YV 
chineal,  was  taken  for  good  rafberry-wine. 

13.  It  will  not  perhaps  be  unacceptable  to  add  a word  or  two,  on  this  ^adeof^' 
occafion,  for  their  fakes,  who  think  the  maturation  of  fruit,  and  the by  maturation. 
changes  of  taftes,  by  which  it  is  ufually  known,  are  the  effedl  of  the 
vegetable  foul  of  the  plant.  For,  after  the  fruit  is  gathered,  and  be- 
ing no  longer  a part  of  the  tree,  ceafes,  according  to  the  mod:  common 
opinion,  to  be  a part  of  the  living  plant,  it  belonged  to  ; yet  it  is  ve- 
ry pofilble,  that  fome  fruits  may  receive  maturation,  after  they  have 
been  fever’d  from  the  plants  that  bore  them.  Apples,  pluck’d  too 
fpon,  ufually  obtain  a mellownefs  by  lying  in  heaps  ; which  feems 
to  be  a kind,  or  degree  of  maturation  ♦,  and  medlars,  gathered  whilfl 
they  are  hard  and  harfh,  afterwards  become  loft,  and  better  taftedi. 

*Tis  alfo  aflerted  by  feveral  writers  of  the  affairs  of  India,  that  the  fruit, 
they  call  Bananas , is  ufually  gathered  green,  and  hung  up  in  bunches, 
in  the  houfe,  where  they  ripen  by  degrees,  and  have  an  advantageous 
change  made  both  of  their  colour  and  tafte.  And  this  experiment,  an 
ancient  acquaintance  of  mine  affured  me,  he  had  himfelf  lately  tried, 
and  found  to  be  true,  in  America.  And  indeed,  I fee  not  why  a con- 
venient degree  of  warmth,  whether  external  from  the  fun  and  fire,  or 
internal  from  fome  degree  of  fermentation,  or  analogous  inteftine  com- 
motion, may  not  put  the  fapid  corpufcles  into  motion,  and  caufe  them, 
by  various  and  infenfible  tranfcurfions  to  rub  againft  each  other,  and 
thereby  make  the  little  bodies  more  (lender  and  thin,  lefs  rigid  or 
cutting,  than  they  were  before ; and  by  various  motions  bring  the 
fruit  they  compofe  to  a ftate,  wherein  it  is  of  a more  foft  confif- 
tence,  and  abounds  in  corpufcles  lefs  harfh,  and  more  pliable,  than 
formerly,  and  better  fitted  to  the  pores  of  the  organ  of  tafte  and, 
in  a word,  make  fuch  a change  in  the  conftitution  of  the  fruit,  as 
we  exprefs  by  the  name  of  maturity.  And  that  fuch  mechanical  chan- 
ges  of  texture  may  much  alter  the  qualities,  and  among  them,  the 
tafte  of  a fruit,  is  obvious  in  bruifed  cherries  and  apples,  which,  in 
the  contufed  parts,  foon  come  to  look  and  tafte  otherwise  than  they 
did  before.  The  pofftbility  of  this  is  alfo  obvious  from  warden  pears, 
gently  roafted  in  embers.  And  I have  feen  in  the  country  between 
France  and  Savoy,  a fort  of  pears,  which,  being  kept  for  fome  hours  in 
a moderate  heat,  in  a veffel  exactly  doled,  with  embers  and  allies  a- 
bove  and  beneath  them,  will  be  reduced  to  a juicy  fubftance,  of  a 
lovely  red  colour,  and  a very  fweet  lufcious  tafte.  Many  other  forts 
of  fruit,  in  different  countries,  if  they  were  managed  after  the  fame 
way,  would  admit  of  as  great  alterations  in  point  of  tafte.  And  that 
more  ftubborn  falts,  than  thofe  of  vegetables,  may  have  the  fharpnefs 
of  their  taftes  very  much  abated,  by  the  bare  internal  adlion  of  one 
part  upon  the  other,  I have  been  induced  to  think,  from  obferving, 
that  by  the  help  of  infipid  water,,  we  may  reduce  fea-falt  into  4 

brine, 
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Physics,  brine,  of  i'o  mild  and  peculiar  a tafte,  that  one  would  fcarce  iufpect 
what  it  had  been  •,  or  believe,  that  fo  great  a change  of  a mineral  bo-. 
dy  could  be  effe£ted  by  fo  flight  and  inteftine  commotion  as  produced 
it.  As  to  vegetable  liquors,  the  produdion  of  new  taftes  upon  the  in- 
teftine commotions  of  the  fapid  parts,  is  obvious  in  the  juice  of  grapes, 
which,  from  a fweet  and  fpiritlefs  liquor,  acquires  that  pleaflng  pun- 
gency and  brifknefs  of  tafte,  which  belongs  to  wine  •,  and  afterwards  de- 
generates into  that  acid  and  cutting  tafte,  proper  to  vinegar;  and  all 
this  from  a change  of  conftitution,  made  by  the  adlion  of  the  parts 
themfelves,  one  upon  another,  without  the  help  of  any  external  ad- 
dition. 


SECT.  II. 


The  mechani  Ol  Ince  taftes  and  odours  are  ufually  treated  of  immediately  after  one 
cal  production  another,  I jfhall  all'o  conflder  thefe  two  qualities  fucceftively  ; be- 
cf  odours.  caufe  much  of  what  is  already  faid  of  taftes,  being  applicable  to  odours, 
will  fave  the  trouble  of  repetitions. 

A flrongfmell  J-  Grind  good  quick -lime  and  fal-armoniac  well  together,  and  hold- 
produced  by  ing  your  nofe  to  the  mixture,  you  will  find  an  urinous  fmell,  produ- 
two fcentlefs  ced  by  the  particles  of  the  volatile  fait,  which  will  alfo  make  your 
odtes'  eyes  water. 

**  r * 2.  If  a large  proportion  of  camphire  be  diflolved  in  oil  of  vitriol,  the 

produced  by  odour  of  the  gum  will  be  quite  concealed  in  the  mixture ; but  ir  you 
water  in  a bo-  pour  this  mixture  into  a large  quantity  of  fair  water,  the  diflolved  gum 
dy t which  had j immediately  recover  out  of  the  menftruum,  and  fmell  perhaps  more 
nnebefin.  ftrong]y  than  before. 

Produced  3*  Having  cautioufly  mixed  two  parts  of  clear  oil  of  turpentine,  with 
odours  differ-  one  part  of  the  oil  of  vitriol,  the  clear  liquor  that  came  over  upon  di- 
ingfrom  that  ftfllation  of  the  mixture,  inftead  of  turpentine,  fmelt  very  ftrong  of  ful- 
of  any  of  the  pbur.  fQ  that  once  approaching  very  haftily  to  the  receiver,  newly  ta- 
.ngre  ten  s.  ^en  0ff  from  the  retort,  the  fulphureous  fcent  proved  fo  ftrong,  as  al- 
moft  to  take  away  my  breath.  And  farther,  to  fhew  the  poflibility  of 
producing  fuch  odours  upon  the  mixtures  of  ingredients,  as  neither  of 
them  was  a-part  endowed  with,  we  caufed  the  fubftance  that  remained 
behind,  in  the  retort,  in  the  form  of  a thin  extraft,  after  one  of  thefe 
dift illations,  to  be  farther  urged  by  a ftronger  fire,  which  forced  moft 
of  it  over,  partly  in  the  form  of  a thick  oil  ; and  partly  in  that  of 
butter  ; both  which  we  kept  together  in  the  fame  vial  •,  their  odour  be- 
ing neither  that  of  oil  of  turpentine,  nor  of  brimftone ; but  exceedingly 
like  the  diftilled  oil  of  bees-wax. 


4.  That 


Tajles  and  Odours.  54.5 

4.  That  the  celerity,  and  other  modifications  of  the  motion  of  the  ef-Paysics. 
fluvia  of  bodies,  may  not  only  diverfify  their  odours,  but  fo  far  produce  v— — 
them,  as  to  render  them  perceptible  by  the  fenfe,  may  be  gathered  from 
fome  common  obfervations.  Several  bodies  are  not  only  inodorous  when  local* mo' 
cold,  but  when  confiderably  hot  •,  and  tho’  they  remain  fixed  in  the  fire,  tian. 
yet,  having  their  parts  put  into  a.  peculiar  kind  of  agitation,  they  will  pre- 
sently grow  manifeftly  odorous.  Some  very  hard  woods,  acquire  a ftrong 
fmell  by  the  motion  they  may  be  expofed  to  in  a turner’s  lath,  particularly 
the  Lignum  Vitae  \ and  fome,  whilft  the  operation  lafts,  afford  an  unex- 
pected odour.  Having  inquired  concerning  the  fcent  of  beech- wood, 
whilft  it  is  turning,  I was  informed,  that  it  would  emit  well-fcent- 
ed  effluvia  *,  and  it  was  affirmed  to  me  by  a workman,  v/ho  had 


bought  a great  block  of  this  wood,  that  when  he  came  to  turn  it,  there 
would  iffue  out,  not  only  a great  fcent,  but  fuch  a peculiar  fragrancy,  that 
one,  who  knew  not  whence  it  proceeded,  would  have  concluded  he  fmelt 
rofes. 

5.  Take  fait  of  tartar,  and  drop  upon  it  either  fpirit  of  nitre,  or  a weak  a feentedbo- 
Aqua  for tis,  till  all  the  effervefcence  ceafes,  and  the  liquor  no  longer  works  dy,  fy  mixing 
upon  the  alkali  ^ and  thefe,  by  a flow  evaporation  of  the  fuperfluous 
moifture,  may  be  made  to  ffloot  into  cryftals,  like  thole  of  nitre  j which,  priced”/ all 
after  you  have,  by  rubbing  with  a dried  cloth,  freed  from  loofe  adhering  its  fmell* 
corpufcles,  refemble  falt-petre,  both  in  other  qualities,  and  in  not  being  o- 

dorous  *,  tho’,  if  you  diftil  them,  or  burn  them  on  kindled  coals,  their 
fumes  will  quickly  appear  to  abound  with  the  fetid  fpirits,  which  make 
Aqua  for  tis  fo  offenfive  to  the  fmell. 

6.  What  I fhall  next  propofe,  is  performed  at  the  fame  time,  the  A pleafant 
eleventh  experiment  of  taftes  is  made.  For  the  liquor  thereby  produced,  aromatic 
if  it  be  well  prepared,  has  not  only  a fpicy  tafte,  but  alfo  a kind  of  aroma- 

tic  and  pleafant  fmell.  And  I have  of  it  now  by  me,  which  has,  for  Z fetid  b^dytv 
fome  years,  retained  much  of  its  former  odour,  tho’  not  fo  much  of  its  another  not 
tafte.  finest. 

7.  To  a pound  of  Spanifh  wine,  we  put  fome  ounces  of  oil  of  vitriol ; 4 fragrant  o- 

then  keeping  them,  for  a reafonable  time,  in  digeftion,  we  obtained  an 
odoriferous  mixture.  But  this  experiment  is  improved  by  that  which  fol- not^ell 
lows.  fcented. 

8.  We  took  good  oil  of  blue  Dantzick  vitriol,  tho’  the  common  will 
ferve ; and  having  put  to  it  by  degrees,  an  equal  weight  of  fpirit  of 

wine  totally  inflammable,  we  digefted  them  together  for  two,  three,  dorotsTody^a 
or  four  weeks,  fometimes  much  longer,  and  then  with  better  fu c- pleafant  and 
cefs ; when  we  came  to  diftil  the  mixture,  we  had  a very  fragrant  arfmatic fmell 
fpirit,  which  was  fometimes  fo  fubtile,  that,  tho*  diftilled  in  a gwntofpint 
tall  glafs,  with  a gentle  heat,  it  would  pierce  the  lute,  and  fill  **  'wine% 
the  laboratory  with  a fenfible  perfume  : whence  we  learn,  both  how 
much  thofe  fpirituous  and  inflammable  particles,  which  chymifts  call 
the  vegetable  fulphur  of  wine,  may  work  on,  and  enoble  a mineral 
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fulphur8,  and  how  much  the  new  contextures  made  by  digedion,  may  alter 
the  odours  of  bodies,  whether  vegetable,  or  mineral.  That  alfo  another 
conftitution  of  the  fame  matter,  without  any  manifeft  addition  or  recefs  of 
particles,  may  exhibit  a very  differing  fmell,  will  appear  by  the  following 
trial. 

Vke fire-men-  9.  I have  more  than  once  put  the  above-mentioned  liquor  into  (lopp’d 
tionedfra-  gaffes,  whereof  the  one,  and  not  the  other,  flood  in  a warm  place,  till, 
froubtfa  in  procefs  of  time,  I found  that  odoriferous  liquor  fo  to  degenerate  in  point 

fmefllike&ar-  of  fcent,  that  one  would  have  thought  it  had  been  drongly  infedled  with 

lick.  garlick.  The  like  unpleafant  fmell  I obferved  in  a certain  oil,  made  of 

vegetable  and  mineral  fubflances  diddled  together.  And  on  this  occafion, 
may  be  added  an  obfervation,  which,  tho*  I (hall  not  undertake  it  will  al- 
ways hold  good  ; yet  (hews,  that  a body,  which  it  felf  is  not  only  inodo- 
rous, but  very  fixed,  may,  in  fome  cafes,  have  a great  (hare  in  the  pheno- 
mena of  odours.  We  put,  then,  to  good  fait  of  tartar,  feveral  times 
its  weight  of  the  exprelfed  juice  of  onions,  and  kept  them  in  a light 
digedion  for  a day  or  two  •,  when  undopping  the  vial,  we  found  the 
former  fmell  of  the  onions  quite  degenerated  into  a rank  fmell  of 
garlick,  as  we  judged,  even  when  frefh  juice  of  garlick  was  compared  there- 
with. 

10.  By  cading  into  fpirit  of  vitriol,  a large  proportion  of  final! 

pearls  unbroken  ; the  adlion  of  the  acid  mendruum  upon  them  being 

moderated  by  its  weaknefs,  and  by  the  intirenefs  of  the  pearls,  the 
d dilfolution  would  fometimes  lad  for  many  hours  •,  when,  holding  my 
therlot  well  nofe,  from  time  to  time,  to  the  open  orifice  of  the  glafs,  it  was  eafy  to 
fcent ed.  perceive  a pleafant  mulky  fmell,  which  others  alfo  took  notice  of.  And 

I obferved  the  like  fmell,  upon  pearls,  being  difiolved  not  only  in  fpi- 
rit of  vinegar,  but  in  another  liquor,  which  had  but  a bad  fcent  of  its 
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granted  ; yet  Aururn  fulminans  being  made  by  precipitating  with  the  inodo- 
rous oil  of  tartar,  the  folution  of  the  former  in  the  latter,  and  this  preci- 
pitate being  to  be  farther  treated,  in  order  to  another  experiment,  we  ful- 
minated it  per  fe,  in  a filver  veflel,  like  that,  but  better  contrived,  which 
is  defcribed  by  Glauber ; and  among  other  phenomena  of  this  operation, 
we  obferved,  that  when  the  fulmination  was  jud  made,  the  deams  afforded 
by  the  metal,  which  had  been  fired,  gave  a delightful  fmell,  not  unlike 
that  of  mu(k.  From  which  experiment,  and  the  foregoing,  we  learn,  that 
art,  by  lucky  contextures,  may  imitate  the  odours,  which  are  prefumed 
to  be  natural  and  fpecific \ and  that  mineral  and  vegetable  fubdances 
may  compound  a fmell,  which  is  thought  peculiar  to  animals.  And 
as  art  fometimes  imitates  nature  in  the  produ&ion  of  odours,  (as  may 
be  confirmed  by  what  is  above  related  concerning  counterfeit  rafberry- 
winei  for  thofe,  who  drank  it,  believed  they  did  not  only  tade,  but 
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fmelc  the  rafberry  *,)  fo  fometimes  nature  feems  to  imitate  herfelf,  in  giv- Physics. 
ing  like  odours  to  bodies  extremely  differing.  There  is  a certain  feed, 
which,  for  the  affinity  of  its  odour  to  that  perfume,  they  call  the  mufk- 
feed  ; fome  of  which  being  prefented  me  from  the  Wejl-Indiesy  I found  it, 
whilft  freffi,  to  have  a fragrancy  fuitable  to  the  name,  that  was  given  it. 

There  is,  alfo,  a fort  of  rats  in  Mufcovy , whofe  fkins  have  a fmell,  which 
has  procured  them  the  name  of  mufk-rats.  And  I have  feen  a certain  fort 
of  ducks,  call’d  mufk-ducks ; becaufe  at  a certain  feafon  of  the  year,  if 
they  are  chaf’d  by  violent  motion,  they  will,  under  the  wing,  emit 
a mufky,  inftead  of  a fweaty  fcent ; which,  upon  trial,  I found  true.  On 
the  other  fide,  I have  known  a certain  wood,  growing  in  the  Indies , 
which,  efpecially  when  the  fcent  is  excited  by  rubbing,  fmells  fo  rankly, 
and  fo  like  human  dung,  that  one  would  fwear  that  were  held  under  his 
nofe. 

Tho’  the  fire  generally  impreffes  a ftrong  offenfive  fmell,  which  chy- 
mifls,  therefore,  call  empyreumatical,  upon  the  odorous  bodies  it  works 
ftrongly  on  ; yet  the  conflitution  of  a fubftance  may  be  fuch,  that  the 
new  texture  made  of  its  parts,  even  by  a violent  fire,  ffiall  be  fit  to  af- 
ford effluvia,  rather  agreeable  to  the  organs  of  fmelling,  than  any  way  of- 
fenfive. Having  diftilled  Saccharum  Saturni  in  a retort,  with  a ftrong  fire, 

T obtained,  befides  a piercing  and  empyreumatical  liquor,  which  was 
driven  over  into  the  receiver,  a large  lump  of  Caput  mortuum  of  a greyifh 
colour,  which,  notwithstanding  the  ftrong  impreffion  it  receiv’d  from  the 
fire,  had  a pleafing  fcent,  and,  when  broken,  fmelt  almoft  like  a fine  cake 
new  baked,  and  broken  whilft  yet  warm.  And  as  the  fire,  notwithftand- 
ing  the  empyreuma  it  ufually  gives  to  almoft  all  the  bodies  it  burns, 
may  yet  confer  a good  fmell  on  fome  of  them,  if  they  be  fitted,  upon 
fuch  a contexture  of  their  parts,  to  emit  fleams  of  fuch  a nature  ; we  ob- 
ferve  in  the  mufk-animal,  that  nature,  in  that  cat,  or  rather  deer,  pro- 
duces mufk  by  fuch  a change,  as,  in  other  animals,  produces  a putrefac- 
tive fcent.  So  that,  provided  a due  conflitution  of  parts  be  introduced 
into  a portion  of  matter,  it  may,  on  that  account,  be  endowed  with  noble, 
and  defirable  fcents,  or  other  qualities  ; tho’  that  conflitution  were  in- 
, troduced  by  fuch  unlikely  means,  as  combuftion  or  putrefa&ion.  An 
eminent  profeffor  of  mathematics  affirmed  to  me,  that  chancino-  one 
day,  with  another  mathematician,  in  the  heat  of  fummer,  to  pafs°  by  a 
large  dunghil,  which  was  then  i n Lincolns -Inn - Fi elds  \ when  they  came 
within  a certain  diftance  of  it,  they  were  both  furprized  to  find  a ve- 
ry ftrong  fmell  of  mufk  ; which  each,  for  fome  time,  was  fhy  of  ta- 
king notice  of,  for  fear  the  other  fhould  have  laughed  at  him  : but 
when  they  came  much  nearer  the  dunghil,  that  pleafing  fmell  was  fuc- 
ceeded  by  a fcent,  proper  to  fuch  a heap  of  excrements.  And  in- 
deed, tho’  the  excrements . of  animals,  and  particularly  their  fweat,  are 
ufually  fetid  ; yet,  that  this  is  not  the  nature  of  an  excrement,  but  the 
conftitutions  ufually  belonging  to  them,  which  make  them  fo,  hath 
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Physics.  Teemed  probable  to  me  from  Tome  obfervations.  For,  not  to  mention  what 
^ is  related  of  Alexander  the  great,  I knew  a gentleman  of  a very  happy  tem- 
perature of  body,  whofe  fweat,  upon  a critical  examination,  I found  to  be 
fragrant  •,  which  was  alfo  confirmed  by  Tome  learned  men  of  my  acquain- 
tance, and  particularly,  by  a phyfician,  who  lay  with  him.  Tho’  civet 
ufually  pafTes  for  a perfume  ; yet  it  Teems  to  be  but  a clammy  excrement 
of  the  animal  that  affords  it,  which  is  fecreted  into  bags,  provided  by  na- 
ture to  receive  it.  And  upon  Teeing  Teveral  of  thefe  civet-cats  *,  I obferv- 
ed,  that  a certain  degree  of  remiffnefs  in  the  odorous  atmofphere  was  re- 
quili  te  to  make  the  fmell  fragrant.  For  when  I have  been  near  the  cages, 
where  many  of  them  were  kept  together,  or  any  great  veffel,  full  of  civet, 
the  fmell  was  rather  rank,  and  offenfive,  than  agreeable  ; but  when  I re- 
moved to  a convenient  diftance,  the  fleams  being  lefs  crowded,  and  far- 
ther from  their  fountain,  prefented  themfelves  as  a perfume.  And  an  in- 
genious lady  lhewed  me  an  odd  monky,  which  had  been  prefented  her,  as 
a rarity,  by  the  EngliJIo  admiral  *,  telling  me,  amongfl  other  things,  fhe  had 
obferved  in  it,  that,  being  Tick,  he  would  feek  for  fpiders,  as  his  proper 
remedy ; which  when  he  had  eaten,  the  alteration  it  made  in  him,  would 
fometimes  fill  the  room  with  a mufky  Tcent. 

12.  It  is  well  known  to  perfumers,  that  amber-greafe  alone,  tho*  efleem- 
heighten' d* by  the  bed  and  richeft  perfume  in  the  world  has  but  a very  faint  and  fcarce 

compofitiou . pleafant  Tcent.  And  I have  Teen  Tome  hundreds  of  ounces  together,  newly 
brought  from  the  Eaft-Indies  ; but  if  I had  not  been  before  acquainted  with 
the  fmell  of  amber-greafe  in  the  lump,  my  noflrils  would  fcarce  have  made 
me  fufpeCl  thofe  lumps  to  have  been  any  thing  of  kin  to  amber-greafe. 
This  amber-greafe  is,  if  I am  rightly  inform’d,  a vegetable  production, 
iffuing  out  of  the  root  of  a tree,  which  always  fhoots  its  root  towards  the 
Tea : and  if  it  be  planted  where  the  fleam  Tets  to  the  fhore,  ’twill  be  call 
up  to  great  advantage.  But  if  a due  proportion  of  mufk,  or  even  civet, 
be  dextroufly  mixed  with  amber,  the  latent  fragrancy,  tho’  it  be  thereby 
fomewhat  compounded,  will  be  quickly  called  out,  and  exceedingly  heigh- 
tened. And  indeed,  it  is  not  the  great  quantity  of  the  richefl  ingredients, 
as  amber-greafe  and  mufk,  but  the  juft  proportion  and  fkilful  mixture  of 
them,  that  makes  the  noblefl,  and  mofl  lafling  perfume ; of  which  I have 
had  fufhcient  experience  : To  that  with  a far  lefs  quantity  of  mufk  and  am- 
ber than  perfumers  themfelves  employ,  we  have  had  Teveral  perfumes, 
which,  for  fragrancy,  were  much  preferr’d  to  thofe,  where  mufk  and  am- 
ber-greafe are  To  plentifully  ufed.  The  belt  proportion  for  their  mixture 
Teems  to  be  eight  parts  of  amber-greafe,  two  of  mufky  and  one  of  civet* 
which  quantities  of  ingredients,  if  fkilfully  and  exa&ly  mixed,  will  afford  a 
good  compofition,  wherewith  to  enoble  other  materials,  as  benzoin,  flo- 
rax,  (Ac.  fit  to  make  paftils,  ointments  for  leather,  (Ac.  We  may  add, 
that  upon  account  of  the  new  texture,  acquired  by  compofition.  Tome 
things,  which  are  not  fragrant  themfelves,  may  much  heighten  the  fra- 
grancy of  odoriferous  bodies.  And  for  liquid  perfumes,  I remember  it  was 
the  fecret  of  fome  court-ladies,  noted  for  curiofity  in  perfuming,  to  mix  al- 
ways 
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ways  a due  proportion  of  Wine-vinegar  with  the  odoriferous  ingredients. 
And  to  fhew  the  power  of  mixture  in  improving  odours,  I fhall  mention  a 
liquor  of  mine,  which  was  very  favourably  fpoken  of  by  perfonsof  quality, 
accuftomed  to  choice  perfumes.  This  liquor,  tho’  thought  an  elaborate 
preparation,  and  which,  to  recommend  it  to  fuch  whofe  critical  palates  can 
tafte  the  very  titles  of  things,  I called  eftence  of  rnufk,  is,  indeed,  a very 
plain  fimple  preparation,  which  I thus  make.  I take  any  quantity  of  choice 
mufk,  without  finely  powdering  it,  and  pour  thereon  about  a finger’s 
breadth  of  pure  fpirit  of  wine  ; I fet  thefe,  in  a glafs  clofely  flopped,  in  a 
quiet  place  to  digefl,  without  the  help  of  any  furnace,  and  after  fome  days, 
or  a few  weeks,  the  fpirit  will,  in  the  cold,  have  made  a folution  of  the 
fined  parts  of  the  mufk,  and  be  thereby  much  tinged,  but  not  of  a red  co- 
lour. This  being  decanted,  I keep  by  it  felf  as  the  richeft  of  all ; and 
pour  like  quantity  of  fpirit  on  the  remaining  mufk  j and  this,  too, 
fually  will,  in  the  cold,  tho’  more  flowly,  draw  a tindlure,  but  fainter  than 
the  former,  which  being  poured  off,  the  remaining  mufk  may  be  employed 
for  inferior  ufes.  I mention  this  preparation,  becaufe  the  firfl  tindlure, 
being  fmelt  to  by  it  felf,  has  but  a faint,  and  no  very  pleafing  odour  of 
mufk  ; fo  that  every  one  wou’d  not  expedl  there  was  mufk  in  it  r but  if  a 
fingle  drop  were  mixed  with  a pint,  or  perhaps  with  a quart  of  fack,  the 
whole  body  of  the  wine  would  prefently  acquire  a confiderable  mufky  fcent, 
and  be  fo  richly  perfumed,  both  in  tafte,  and  fmell,  as  feemed  ftrange  to 
thofe,  who  knew  the  vaft  difproportion  of  the  ingredients. 
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SECT.  I. 


Y he  origin  of 
told  mechani- 
cal. 


*To  produce  a 
great  decree 
of  coldnefs , at 
any  time  of  the 
year. 


HEAT  and  cold  being  generally  efleem’d  the  moft  a&ive  among 
qualities,  from  which  feveral  others  are  deducible,  and  by 
which  many  phenomena  of  nature  are  explicable  it  will  be 
proper  to  fhew  how  they  may  either  be  mechanically  produced  or  de~ 
ftroyed. 

i.  To  produce  a confiderable  degree  of  cold  at  any  time  of  the  year, 
without  fnow,  ice,  hail,  wind,  or  nitre,  take  one  pound  of  powdered 
fal-armoniac,  and  about  three  pounds  of  water  * put  the  fait  into  the  li- 
quor either  all  together,  if  you  would  produce  an  intenfe  fhort  coldnefs ; 
or  at  three  or  four  times,  if  you  defire,  that  the  cold  fhould  rather  laft 
fomewhat  longer  than  be  great  *,  ftir  the  powder  in  the  liquor,  with  any 
thing  that  will  not  be  injur’d  by  the  fretting  brine,  to  haften  the  difTolu- 
tion  of  the  fait  *,  upon  the  quicknefs  of  which  very  much  depends  the  in- 
tenfenefs  of  the  cold,  that  will  enfue  upon  this  experiment. 

That  a confiderable  degree  of  cold  is  here  produced,  will  evidently 
apear  to  the  touch and  if  you  make  the  experiment  in  a glafs  bo- 
dy, you  may  obferve,  that  while  the  fait  diffolves,  the  outfide  of  the 
velfel  will,  as  high  as  the  mixture  reaches,  be  bedewed  with  a mul- 
titude of  little  drops  of  water  •,  as  happens  when  mixtures  of  fnow  and 
fait,  being  put  into  glafies,  the  aqueous  vapours  that  Boat  in  the  air, 
and  pal's  along  the  fides  of  the  veflel,  are,  by  the  coldnefs  thereof, 
condenfed  into  water.  And  in  our  folution  you  may  obferve,  if  you 
wipe  off  the  dew  from  any  particular  part  of  the  outfide  of  the  vef- 


\ 


Heat  and  Cold.  551 

fcl,  whilft  the  folution  goes  vigoroufly  on,  it  will  quickly  collett  frefh Physics. 
dew,  which  will  fometimes  be  large  enough  to  run  down  the  Tides  of  tl>e 
veffel.  But  the  beft  and  fureft  way  of  proving  the  coldnefs  of  the  mix- 
ture, is  by  plunging  into  it  a good  fealed  weatfcr-glafs,  furnifh’d  with 
tinged  fpifit  of  wine : for  the  ball  of  this,  being  put  into  our  frigorific 
mixture,  the  crimfon  liquor  will  fuddenly  defcend  much  lower,  than  when 
it  was  kept  either  in  the  open  air,  or  in  common  water,  of  the  fame  tem- 
per with  that,  wherein  the  fal-armoniac  was  put  to  diftolve.  And  if  you 
remove  the  glafs  out  of  our  mixture  into  common  water,  the  tinged  fpirit 
will  afcend,  according  to  the  longer  or  ftiorter  time,  that  it  continued 
in  the  folution.  And  this  hath  fucceeded,  when,  inftead  of  removing  it 
into  common  water,  I removed  it  into  water  newly  impregnated  with  fait- 
petre. 

The  duration  of  the  cold  produced  by  this  experiment,  depends  on  feve- 
ral  circumftances,  as,  i.  The  feafon  of  the  year,  and  the  prefent  temper 
of  the  air  ; for  in  fummer  and  hot  weather,  the  cold  will  fooner  decay  and 
expire.  2.  Upon  the  quantity  of  fait  and  water  ; for  if  both  thefe  be 
great,  the  effe6t  will  be  more  lading  and  confiderable.  3.  We  may,  pro- 
bably, add  the  goodnefs  and  fitners  of  the  fait  employed  *,  for  fome  trials 
have  tempted  me  to  fufpedt,  that  there  may  be  a confiderable  drfparity, 
as  to  their  fitnefs  to  produce  cold,  betwixt  parcels  of  fait  that  are,  without 
fcruple,  taken  for  fal-armoniac.  4.  The  duration  of  the  cold  may  be  con- 
ceived to  depend,  alfo,  upon  the  way  of  putting  the  fait  into  water.  I 
have  often  tried,  that  when  the  tinged  fpirit  fubfided  but  flowly,  or  was 
at  a ftand,  that  by  putting  in,  from  time  to  time,  two  or  three  fpoonfuls 
of  frefh  fait,  and  ftirring  the  water,  the  fpirit  of  wine  would  again  de- 
fcend much  more  fwiftly.  And  if  you  would  lengthen  the  experiment, 
let  part  of  the  fal-armoniac  be  but  grofly  beaten,  that  it  may  be  the  long- 
er in  dilfolving.  Whilft  dewy  drops  are  produced  on  the  outfide  of  the 
veffel,  it’s  a fign  that  the  cold  within  continues  pretty  ftrong ; for  when 
it  ceafes,  thefe  drops,  efpecially  in  warm  weather,  will,  by  degrees,  va- 
nifh.  But  a furer  way  of  meafuring  the  duration  of  the  cold  is,  by  remov- 
ing, from  time  to  time,  the  fealed  weather -glafs,  out  of  the  faline  mix- 
ture into  the  fame  common  water,  with  part  of  which  it  was  made.  I 
have  in  the  fpring- feafon,  by  a good  weather-glafs,  found  a fenfible  ad- 
ventitious cold,  made  by  a pound  of  fal-armoniac,  to  laft  about  two  or  three 
hours. 

March  27.  In  the  fealed  weather-glafs,  when  firft  put  into  the  wa- 
ter, the  tinged  fpirit  refted  at  8 finches;  being  fuffered  to  ftay  there 
a good  while,  and  now  and  then  ftirred  in  the  water,  at  length  it 
defended  a little  beneath  74  inches*,  then  the  fal-armoniac  being  put 
in,  within  about  a quarter  of  an  hour,  or  a little  more,  it  defended 
to  244  inches ; but  in  half  a quarter  of  an  hour,  it  began  manifeftly 
to  freeze  the  vapours  and  drops  of  water  on  the  outfide  of  the  glafs. 

And  when  the  frigorific  power  was  arrived  at  its  height,  I,  feveral 
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Physics,  times,  found,  that  water  thinly  placed  on  the  outfide,  whilft  the  mixture 


v/ithin  was  nimbly  dirred,  would  freeze  in  a quarter  of  a minute.  At  a- 
bout  4 of  an  hour  after  the  infrigidating  body  was  put  in,  the  thermome- 
ter, that  had  been  taken  out  a while  before,  and  was  yet  rifen  but  to  the 
loweft  freezing  mark,  being  again  put  into  the  liquor,  fell  an  inch  below 
the  mark.  At  about  24-  hours  from  the  fird  folution  of  the  fait,  I found 
the  tinged  liquor  to  be  in  the  midd  between  the  freezing  marks,  whereof 
there  was  one  at  57  inches  (at  which  height  when  the  tin&ure  reded,  it 
would  ufually  be  a fmall  frod  abroad)  and  the  other  at  4}  inches  •,  the  height 
to  which  ftrong  and  durable  frofts  had  reduced  the  liquor  in  the  win- 
ter. Within  three  hours  after  the  beginning  of  the  operation,  I found 
not  the  crimfon  liquor  higher  than  the  upper  freezing  mark,  jufc  men- 
tioned •,  after  which,  it  continued  to  rife  very  (lowly,  for  about  an  hour 
longer.  The  frigorific  mixture,  having  been  made  in  a glafs  body,  with 
a large  flattilh  bottom,  a quantity  of  water,  purpofely  fpilt  upon  the  ta- 
ble, was,  by  the  operation  of  the  mixture  within  the  glafs,  made  drongly 
to  freeze  the  bottom  of  the  cucurbite  to  the  table  *,  that  dagnant  liquor 
being  turned  into  folid  ice,  which  continued  for  a confiderable  while 
unthawed,  and  was,  in  fome  places,  about  the  thicknefs  of  a half-crown 
piece. 

At  another  time,  during  the  fame  fpring,  the  fealed  weather-glafs, 
which  before  it  touched  the  common  water,  (food  at  84,  having  been 
left  there  a confiderable  while,  and  once  or  twice  agitated  in  the  water, 
the  tinged  liquor  funk  but  to  74-,  or  at  the  farthed  74  ; then  the  frigorific 
liquor  being  put  into  the  water,  v/ith  difadvantageous  circumdances ; 
in  about  half  a quarter  of  an  hour,  the  tinged  liquor  fell  beneath  74  » 
and  the  thermometer  being  taken  out,  and  put  in  again,  an  hour  af- 
ter the  water  had  been  fil'd  cooled,  fubfided  beneath  five  inches,  and 
confequently  was  within  7 inch  of  the  mark  of  the  drongly  freezing  wea- 
ther. 

The  grand  thing,  likely  to  keep  this  experiment  from  being  general- 
ly ufeful  in  cooling  liquors,  &c.  is  the  dearnefs  of  fal-armoniac,  which 
might  come  much  cheaper,  if,  indead  of  fetching  it  from  beyond  fea,  we 
made  it  at  home  *,  which  may  be  eafily  done.  And  tho*  a folution  of  fal- 
armoniac,  being  boiled  up  in  earthen  vefiels,  (glafs  ones  being  too  charge - 
ablej  will  lofe  the  morefubtile  parts,  and  thereby  impair  the  texture  of  the 
red ; yet  I have  found,  that  the  dry  fait,  remaining  in  pipkins,  being 
dififolved  in  a due  proportion  of  water,  would  very  confiderably  infrigidate 


it. 


March  29.  The  thermometer,  that  in  the  air  was  at  84  inches,  be- 
ing put  into  a large  evaporating  glafs,  filled  with  water,  fell,  (af- 
ter it  daid  a pretty  while,  and  had  been  agitated  in  the  liquor)  to 
eight  inches  •,  and  then  about  half  the  fait,  or  lefs,  that  had  been  ufed 
twice  before,  and  felt  much  lefs  cold  than  the  water,  being  put  in, 
and  dirred  about,  the  tinged  fpirit  fubfided  till  it  was  fallen  beneath 


four 
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four  inches,  and  then,  having  caufed  fome  water  to  be  frefh  pumped  and  Physics. 
brought  in,  tho’  the  folution  were  mixed  with  it,  yet  it  prefentiy  made  V— 
the  fpirit  of  wine  manifeftly  to  afcend  in  the  inftrument,  much  fafter  than 
one  would  have  expeded.  The  cool  liquors  with  this  mixture,  put  them 
into  thin  glafies  ; and  their  orifices  being  Hop’d  and  kept  above  the  mix- 
ture, move  them  about  therein,  and  then  pour  them  out  for  drinking.  By 
means  hereof  pieces  of  cryftal,  or  bullets,  may  be  powerfully  cooled to  be 
held  in  the  mouth  or  hands  of  thofe  patients  who  require  them  * or  other 
the  like  refrefhment  may  be  eafily  procured,  with  a very  few  ounces  of  fal- 
armoniac,  well  powder’d  and  fuddenly  dififolved  in  four  times  its  weight  of 
water  *. 

2.  And  to  fliew  that  a more  intenfe  degree  of  cold  may  refult  from  the  AcMnefif,^ 
mixture,  than  was  to  be  found  in  either  of  the  ingredients  apart  j and  al- duced  b the 
fo  that  a confiderable  coldnefs  may  be  begun  between  bodies  neither  of rnixture  °f, 
them  adually  cold  before  they  were  put  together  ; having  brought  a glafs™*™  ****** 
full  of  water  to  fuch  a temper,  that  its  warmth  made  the  fpirit  of  wine  in 

the  fealed  weather-glafs,  manifeftly  afcend,  I took  out  the  thermometer 
and  laid  it  in  powdered  fal-armoniac,  warmed  before  hand ; whereby  the 
tinged  liquor  was  made  to  afcend  much  quicker  than,  juft  before,  by  the 
water  ; and  having  prefentiy  removed  the  inftrument  into  that  liquor  a- 
gain,  and  poured  the  warmifh  fal-armoniac  into  the  fame,  I found  that 
within  half  a minute,  or  lefs,  the  fpirit  of  wine  began  to  fubfide,  and  fell 
above  a whole  divifion  and  a quarter,  below  the  mark  at  which  it  ftood  in 
the  water,  before  that  liquor  or  the  fait  were  warmed.  Nor  did  the  fpirit 
in  a great  while,  re-afcend  to  the  height  it  had  when  the  water  was  cold! 

The  fame  experiment  we  made  at  another  time  with  the  like  fuccefs.  * 

3.  To  fhew,  likewife,  how  much  the  produdion  of  heat  and  cold  de- 
pends upon  texture,  and  other  mechanical  properties,  I made  a fal- 
armoniac  after  a particular  manner,  that  I might  know  the  effeds  of 
the  ingredients,  as  well  before,  as  after  conjundion.  I took,  then  fpirit 
of  fait,  and  fpirit  of  fermented,  or  rather  putrefied  urine  ; and  ^having 
put  a fealed  weather-glafs  in  an  open  veffel,  into  which  one  of  them 
was  poured,  I added  the  other,  by  degrees,  to  it ; and  obferved,  that 
as  upon  mixing,  they  made  a great  noife,  with  many  bubbles,  fo 
in  the  conflid,  they  loft  their  former  coldnefs,  and  impelled  up'  the 
fpirit  of  wine  in  the  fealed  thermometer ; then,  fiowly  evaporating  the 
luperfluous  moifture,  I obtained  a fine  fort  of  fal-armoniac,  for  the 
moft  part  figured  not  unlike  the  other,  when,  being  diflblv’d,  and 
filtred,  it  is  carefully  coagulated.  This  new  fait  being  gently  dried, 

I put  it  into  a wide  glafs  of  water,  wherein  I had  before  placed  a fealed 


* For  a great  degree  of  cold  produced  by 
mercury-fublimate,  lal-armoniac,  and  diftill’d 
vinegar  j with  many  other  cold  diflolutions 
and  fermentations,  with  the  mechanical  ac- 
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FhysiCs.  weather- glafs,  that  the  included  fpirit  might  acquire  the  temper  of  the  am- 
w-v bient  liquor  *,  and  having  ftirred  this  fait  in  the  water,  tho’  I took  it  then 
off  the  mantle-piece  of  a chimney,  wherein  there  had  been  a fire  for  feve- 
ral  hours  before,  it  made  the  tinged  fpirit  haftily  fubfide. 

Heat prodttt&f  4.  We  took  a fmall  feal’d  thermometer,  whole  ftem  was  divided  into  e- 
by  the  mixture  q^aj  parts,  by  little  lpecks  of  amel,  that  fharp  liquors  might  not  eat  off  or 
of  cold  bodies . t}ie  marjcs#  The  ball  of  this  inftrument  we  put  into  a fender  cylin- 

drical veffel,  and  more  than  cover’d  it  with  ftrongoil  of  vitriol,  and  left  it 
there  a while  to  be  reduc’d  to  the  temper  of  the  furrounding  liquor* 
Then  we  caft  upon  it,  by  degrees,  fal-armoniac  grofly  powder’d,  which 
being  foon  furioufly  wrought  on  by  the  menftruum  *,  a feeming  effervef- 
cence  was  produced  in  the  conflid:,  with  great  noife  and  much  froth, 
which  more  than  once  was  ready  to  run  out  of  the  veffel.  But  for  all  this 
feeming  ebullition,  the  mixture,  inftead  of  growing  hot,  did  really  grow 
gradually  colder,  as  appear’d  not  only  to  the  touch,  but  by  the  defcent  of 
the  tinged  fpirit  of  wine.  But  pouring  this  actually  cold  mixture  into  three 
or  four  times  its  weight  of  common  water,  that  was  likewife  actually 
cold  ; this  fecond  mixture  immediately  grew  fo  hot,  that  I cou’d  not 
keep  my  finger  for  a minute  or  two  upon  the  outfide  of  the  containing 
glafs. 

Ebullition  no  5.  We  took  an  acid  fpirit,  diflilled  from  roch-alum,  and  put  into  a wide- 
argument  of  mouth’d  glafs,  more  than  was  fufficient  of  it  to  cover  the  globular  part  of 
keat.  a g00d  feal’d  thermometer*,  then  fuffering  the  inftrument  to  remain  for 

fome  timein  the  liquor,  to  acquire  the  temper  thereof,  we  put  in,  by  degrees, 
fome  volatile  fait  *,  fublimed  from  fal-armoniac  and  a fixed  alkali ; when, 
notwithftanding  the  very  numerous  bubbles,  and  the  noife  and  froth  which 
were  produced,  as  is  ufual  upon  the  re-aCtion  of  acids  and  alkalies,  the 
tinged  fpirit  in  the  weather-glafs  began  a little  to  defcend,  and  continued 
to  do  fo,  till  the  fpirit  of.  alum  was  glutted  with  the  volatile  fait ; the  de- 
fcent of  the  tinged  liquor  in  the  inftrument  amounting  to  an  inch.  By 
comparing  this  experiment  with  the  firft  part  of  the  third,  it  appears,  that 
when  volatile  and  urinous  falts  or  fpirits  tumultuate  upon  their  mixture 
with  acids  *,  neither  the  heat  nor  the  cold,  which  enfues,  is  produced  by 
a conflict  with  the  acids,  merely  upon  account  of  their  acidity  *,  fince  we 
have  feen,  that  an  urinous  fpirit  produced  an  aCtual  heat  with  fpirit  of 
fait  *,  and  the  diftilled  fait  of  fal-armoniac,  which  is  alfo  urinous,  with  the 
acid  fpirit  of  roch-alum,  produces  not  a true  effervefcence,  but  a mani- 
feft  coldnefs : as  the  fame  fait  alfo  did  in  a trial  of  another  fort,  which  was 
this. 

6.  We  took  one  part  of  oil  of  vitriol,  and  fttaking  it  into  twelve 
parts  of  water,  made  a mixture,  which  at  firft  was  fenfibly  warm  5 
then  fuffering  it  to  cool,  we  put  a fufficient  quantity  thereof,  into  a 
wide-mouth’d  glafs,  and  placed  in  it  a good  thermometer  hermetically 
fealed  *,  the  compound  liquor,  reaching  a pretty  way  above  its  ball  t 
after  fome  time  had  been  allow’d,  for  the  liquor  in  the  thermometer 
to  acquire  the  temper  of  the  external  one ; we  gradually  put  in  as  much 
volatile  fait  of  fal-armoniac,  as  fatiated  the  acid  fpirits  of  the  mix- 
ture* 
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ture.  Now  though  thefe  two  made  a notable  confiid  with  noife  and  froth,  Physics. 
yet  it  was  but  a cold  ebullition ; for  the  lpirit  in  the  thermometer  defcend-  t/W 
ed  about  an  inch  beneath  the  mark  it  relied  at,  when  the  feeming  eflervef- 
cence  began. 

7.  It  is  known  that  falt-petre  being  put  into  common  water,  produces  The  fame  body 
a fenfible  coldnefs  therein,  as  it  doth  alfo  in  many  other  liquors  •,  but that  coolsJ07ne 
that  the  fame  fait,  put  into  a liquor  of  another  conllitution,  may  have  ^atothe+l 

a quite  different  effedl,  appears  by  mixing  eight  ounces  of  fine  falt-petre  **  ° ° 
in  powder,  with  fix  ounces  of  oil  of  vitriol : for  here  a lalt,  not  only  ac- 
tually cold,  but,  with  regard  to  many  other  bodies,  potentially  fo,  with 
the  oil  of  vitriol,  which  is  fenfibly  cold  too,  quickly  conceives  a confide- 
rable  degree  of  heat,  whofe  effects  alfo  become  vifible  in  the  plenty  of 
fumes,  emitted  by  the  heated  mixture.  And  tho’  gun-powder  feems  to 
be  of  a very  fiery  nature,  yet  if  fome  ounces  of  it,  reduced  to  powder, 
be  thrown  into  four  or  five  times  as  much  water,  it  will  very  mani- 
feftly  impart  a coldnefs  to  it ; as  experience  made  with,  as  well  as  with- 
out, a fealed  thermometer  has  alfured  me.  This,  and  the  foregoing  ex- 
periment, fuggells  an  inquiry  into  the  nature  of  the  coldnefs,  which  philo- 
lophers  oppofe  to  that  which  immediately,  and  upon  the  firft  contad, 
affects  the  organs  of  fenfe  ; and  which,  therefore,  they  call  adtual  or  for- 
mal. We  repeated  the  former  experiment  with  the  fame  fuccefs  ; and 
the  phenomenon  is  the  more  ftrange,  becaufe  I have  found,  that  a fmall 
quantity  of  oil  of  vitriol,  not  beforehand  mixed  with  water,  would  pro- 
duce a great  heat  in  its  conflict  with  a fmall  portion  of  juft  fuch  fait  as  I 
employ’d  before  : and  this  heat  did,  upon  trial,  with  the  fame  thermome- 
ter, make  the  tinged  fpirit  afcend  much  farther  than  the  other  mixture 
made  it  fubfide. 

8.  Potential  coldnefs  has  been  generally  look’d  upon  as  fo  abflrufe  a qua-  Potential 
lity,  that  it  feem’d  neceffary  to  derive  it  from  the  fubftantial  forms  of  bo-  coldnefs . 
dies.  But  I think  it  may  be  afcrib’d  to  mechanical  properties.  For  as  to 

the  chief  inftances  thereof,  which  are  taken  from  the  effedts  of  fome  medi- 
cines and  aliments  in  the  human  body,  the  coldnefs  produc’d,  may  pro- 
ceed chiefly  from  hence,  that  the  body  potentially  cold,  is  made  up  of  cor- 
pufcles  of  fuch  fize,  fhape,  £s?f.  that  being  diflolved,  and  disjoined  by  the 
menftruum  of  the  ftomach,  or  the  fluids  it  may  elfe where  meet  with,  they 
fo  afibciate  themfelves  with  the  fmall  parts  of  the  blood,  and  other  li- 
quors, as  by  clogging  them,  or  otherwife,  to  caufe  them  to  adl  in  a pecu- 
liar way,  and  more  flowly,  on  the  nervous  and  fibrous  parts  : and  the  per- 
ception of  this  imminution  of  motion  in  the  organs  of  feeling  is  that,  which, 
being  referred  to  the  body  producing  it,  we  call  its  potential  coldnefs. 

Which  quality  hence  appears  to  be  but  a relative  thing,  and  to  require 
the  diffufion  of  the  fmall  parts  of  the  corpufcles  of  the  agent,  and  their 
mixture  with  the  liquors,  or  the  fmall  parts  of  the  body  they  are  to 
cool.  And  therefore,  if  it  be  granted  that  there  is  in  agues,  fome  mor- 
bific matter  of  a vifcous,  or  not  eafily  diflipable  texture,  harboured  in 
fome  part  of  the  body,  which  requires  a determinate  time  to  be  made 
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Physics,  fluid,  and  refolvable  ; the  cold  fits  of  agues  need  not  appear  furprizing; 

fince,  tho’  juft  before  the  fit,  the  fame  parcel  of  matter,  which  is  to  pro- 
duce it,  was  adtually  in  the  body  ^ yet  it  was  not,  by  reafon  of  its  clam- 
minefs,  adtually  refolved  into  fuch  parts,  and  mixed  with  thofe  of  the 
blood ; and  confequently  could  not  make  fuch  a change  in  the  motion  of 
that  fluid,  as  is  felt  in  the  cold  fit  of  an  ague.  And  in  fome  other  difeafes, 
a fmall  quantity  of  matter,  being  refolved  into  minute  parts,  may  produce 
a great  fenfe  of  coldnefs  in  a particular  part  of  the  body,  which,  by  rea- 
fon of  its  ftrudlure,  may  be  peculiarly  difpofed  to  be  affedled  thereby  ; 
as  hyfterical  women  complain  of  great  coldnefs,  which  fuddenly  invades 
fome  particular  part,  as  the  head  or  back,  and  long  continues  to  be  trou- 
blefome  there.  And  that,  if  a cold  vapour  or  matter  be  exceeding  fubtile, 
an  inconfiderable  quantity  of  it,  being  difperfed  through  the  blood,  may 
produce  a great  degree  of  coldnefs,  appears  from  the  effedts  of  fome  poi- 
fons.  And  it  is  not  very  material,  whether  the  poifon,  generally  fpeak- 
ing,  be  hot  or  cold,  if  it  meets  with  a body  difpofed  to  have  thofe  af- 
fections, which  pafs  for  cold  ones,  produced  in  it.  For  I have  made  a 
chymical  liquor,  which,  tho’  fiery  upon  the  palat,  and  poffefs’d  of  a 
brilknefs  and  a fubtilty  from  diftillation,  given  in  the  quantity  of  a fingle 
drop,  wou’d  immediately  caft  an  animal  into  that  which  appear’d  a fleep ; 
and  the  like  liquor,  in  the  like  quantity,  being  by  miftake  applied  to  an 
aching  tooth,  presently  gave  an  univerfal  coldnefs  and  trembling  to  the 
body,  worfe  than  the  cold  paroxyfm  of  a quartan.  And  tho’  fcorpions, 
by  their  fting,  fometimes  caufe  violent  heats  in  the  parts  they  hurt,  yet 
fometimes  alfo,  their  poifon  proves  in  a high  degree  potentially  cold,  as 
may  be  learn’d  from  the  two  following  obfervations,  of  eminent  phyficians. 

I had  a fervant,”  fays  Benivenius ,“  who  being  flung  by  a fcorpion,  im- 
4C  mediately  afterwards  fell  into  fo  cold  a fweat  all  over  his  body,  that 
*c  he  complain’d  he  was  every  way  cover’d  with  ice  and  fnow.  But  he  was 

prefently  relieved  from  it,  and  cured  by  a dofe  of  Venice  treacle  given  in 
iC  fome  flrong  wine.”  And  Amatus  Lufitanus  tells  us  of  a man  flung  in 
the  finger  by  a fcorpion,  whence  great  pain  enfued,  with  an  univerfal  cold- 
nefs and  trembling,  and  the  fenfe,  as  it  were,  of  needles  pricking  his  whole 
fkin. 

Perhaps  in  thefe  great  refrigerations,  there  may  be  fome  fmall  con- 
cretions or  coagulations  made  of  the  minute  particles  of  the  blood  into 
little  clots,  more  unwieldy  than  they  were,  when  feparately  moved  \ 
as  happens  in  the  little  curdlings,  made  of  the  parts  of  milk,  by  a 
very  fmall  proportion  of  fome  acid  liquor  or  in  the  fmall  coagulations 
made  of  the  fpirit  of  wine  by  that  of  urine.  Perhaps  alfo  befides  the 
flackening  of  the  circulation  of  the  blood,  fome  poifons,  and  other  ana- 
logous agents,  may  give  the  motion  of  it  a new  modification,  and  there- 
by caufe  it  to  grate,  or  adl  in  a peculiar  manner  upon  the  nervous  and 
fibrous  parts  of  the  body.  And,  as  fome  parts  of  the  human  body 
greatly  differ  from  others,  in  their  ftrudture  and  internal  conftitution; 
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and  fin ce  alfo  fome  agents  may  abound  in  corpufcles  of  different  ffiapes,  Physics. 
bulks  and  motions ; the  fame  medicine  may,  with  regard  to  the  fame 
human  body,  be  potentially  cold,  or  potentially  hot,  according  as  it 
is  applied  ; or  perhaps,  upon  one  or  both  of  thefe  accounts,  be  cold  with 
refpeCt  to  one  part  of  the  body,  and  hot  in  regard  of  another.  And  thefe 
effeCts  need  not  be  always  afcribed  to  the  mere,  and  immediate  aCtion  of 
the  corpufcles  of  the  medicine,  but  fometimes  to  the  new  quality  they  ac- 
quire in  their  paffage,  by  affociating  themfelves  with  the  blood,  or  other 
fluids  of  the  body ; or  to  the  expullion  of  fome  heating  or  cooling  corpuf- 
cles ; or  to  the  difpofition  they  give  the  part  on  which  they  operate,  to 
be  more  or  lefs  permeated  and  agitated  than  before,  by  fome  fubtile  mat- 
ter, or  other  efficients  of  heat  or  cold.  Some  of  thefe  conjectures,  about 
the  relative  nature  of  bodies  potentially  cold,  may  be  either  confirmed 
or  illuftrated  by  fuch  inftances  as  thefe.  Spirit  of  wine,  internally  taken, 
is  potentially  very  hot,  yet  being  outwardly  applied  to  burns,  and  hot 
tumours,  it  confiderably  abates  the  heat  of  the  inflamed  parts  ; tho*  the 
fame  fpirit,  applied  even  outwardly  to  a tender  eye,  will  caufe  a great 
and  painful  agitation  therein.  And  camphire,  which,  in  the  dofe  of 
lefs  than  half  a fcruple,  has  been  obferved  to  diffufe  an  heat  thro* 
the  body,  is,  with  fuccefs,  externally  applied  in  cooling  medicines.  But 
I leave  the  farther  enquiry  into  the  operations  of  medicines  to  phyfi- 
cians,  who  may  poffibly,  by  what  has  been  faid,  be  affifted  to  recon- 
cile the  differences  of  writers  about  the  temper  of  thofe  medicines,  as 
mercury,  camphire,  &c.  which  fome  will  have  to  be  cold,  and  others 
hot ; and  ffiall  only  offer  a few  particulars  to  fhew,  in  general,  that  po- 
tential coldnefs  is  only  a relative  quality.  The  firft  is  afforded  by  com- 
paring the  two  laft  experiments  together  •,  whence  it  feems  probable, 
that  the  fame  thing  may  be  potentially  cold  to  one  body,  and  not  to 
another,  according  to  the  difpofition  of  the  body  whereon  it  operates, 
or  that  operates  upon  it.  The  fumes  of  lead  have  been  fometimes  ob- 
ferved to  arreft  the  fluidity  of  mercury,  which  change  is  fuppofed  to  be 
the  effect  of  a potential  coldnefs,  belonging  to  lead,  with  regard  to 
fluid  mercury,  tho*  it  have  not  that  operation  on  any  other  liquor, 
that  we  know  of.  And  laftly,  tho5  nitre,  and  fal-armoniac,  be  both  apart, 
and  jointly  cold,  with  refpeCt  to  water;  and  tho*  nitre,  however  throughly 
melted  in  a crucible,  will  not  of  it  felf  take  fire,  yet  if,  whilft  it  is  in 
fufion,  you,  by  degrees,  caff  on  it  fome  powdered  fal-armoniac,  it  v/ill 
take  fire,  and  flalh  vehemently,  almoft  as  if  fulphur  had  been  thereon  in- 
jected. 

9.  To  twelve  ounces  of  fal-armoniac,  we  put,  by  degrees,  an  equal  Heat  produced 
weight  of  water;  and  whi  ft  the  liquor  diffolved  the  fait,  and  b yh  Me  joint 
that  aCtion  produced  a great  coldnefs,  we  warily  poured  in  twelve  f/™9 
ounces  of  good  oil  of  vitriol;  whence  a notable  degree  of  hea t third” with 
was  quickly  produced  in  the  glafs,  wherein  the  ingredients  were  which,  fepa~ 
mixed  > though  it  feem’d  unlikely,  that  as  each  of  the  rateld*  thed 
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Physics,  two  liquors  ufually,  with  fal-armoniac,  produce  an  intenfe  cold,  that  both 
— v-— J of  them  aCling  on  it  together,  fhould  produce  the  contrary  quality. 

Heat  and  cold  I0-  ° f ^le  experiments  hitherto  propofed,  cold  is  regularly 

produced  in  a mechanical  way  ; but  in  fome  fort  of  trials,  I found  the 
event  varied  by  unobferved  circumftances ; fo  that  manifeft  coldnefs 
would  be  fometimes  produced  by  mixing  two  bodies  together,  which, 
at  another  time,  would  upon  uniting  difclofe  a manifeft  heat  *,  and  fome- 
times again,  tho’  more  rarely,  would  have  but  a very  faint  degree  of 
either.  Of  this  fort  of  experiments  I found  to  be  the  diffolution  of  fait 
of  tartar  in  fpirit  of  vinegar,  and  fome  other  falts,  which  were  not  a- 
cid,  in  the  lame  menftruum  : and  even  the  Spirit  of  verdigreafe,  (made 
per  fe)  tho’  a more  powerful  menftruum,  than  common  fpirit  of  vine- 
gar, would  not  conftantly  produce  near  fuch  an  heat  at  the  beginning  of 
its  operation,  as  the  greatnefs  of  the  feeming  effervefcence,  then  excited, 
would  induce  one  to  expeCt . To  eight  ounces  of  fpirit  of  verdigreafe 
(wherein  we  had  a while  before  put  a ftandard-thermometer,  to  acquire 
the  like  temper  with  the  liquor)  we  added  in  a wide-mouth’d  glafs  two 
ounces  of  fait  of  tartar,  as  faft  as  we  durft,  for  fear  of  making  the  li- 
quor boil  over  •,  and  tho’  there  was  a great  commotion  excited  by  the 
action,  and  re-aCtion  of  the  ingredients,  attended  with  a large  froth, 
and  a hiding  noife  ; yet  the  glafs  did  not  foon  become  warm  on  the  out- 
fide  *,  but  by  that  time  the  fait  was  all  diflolved,  the  fpirit  in  the  ther- 
mometer appeared  to  have  rifen  three  inches  and  a half.  On  the  other 
hand,  I have  found,  that  by  mixing  fait  of  tartar  with  another  fait, 
the  texture  of  the  fixed  alkali  was  fo  altered,  that  upon  the  affufion 
of  fpirit  of  verdigreafe,  tho’  there  enfued  a great  conflict  with  noife 
and  bubbles,  yet  inftead  of  heat,  a confiderable  degree  of  coldnefs  was 
produced. 

ii.  It  is  very  probable,  that  farther  trials  will  furnifh  us  with  more  in- 
ftances,  to  fhew  how  the  production  of  cold  may,  in  fome  cafes,  be  effect- 
ed, varied,  or  hinder'd  by  mechanical  circumftances,  which  are  ufually 
overlooked.  We  obferved,  in  the  experiment  lately  mention’d,  that 
tho*  the  oil  of  vitriol  and  water,  being  firft  fhaken  together,  and  the 
volatile  fait  of  fal-armoniac,  afterwards  put  to  them,  produced  a fen- 
fible  coldnefs  *,  yet  if  a little  oil  of  vitriol,  and  of  the  volatile  fait  were 
firft  put  together,  tho’  foon  after  a confiderable  proportion  of  water 
was  added,  there  would  be  produced  not  a coldnefs,  but  a manifeft 
degree  of  heat,  which  impell’d  the  fpirit  in  the  thermometer  to  the 
height  of  fome  inches.  I remember  too,  tho’  fait  of  tartar  grows 
hot  in  water,  yet  having  diftilled  fome  of  that,  and  cinnabar,  in  a 
ftrong  fire,  and  put  the  whole  Caput  mortuum  into  diftilled  or  rain-water, 
it  made,  indeed,  an  hilling  there,  as  if  it  had  been  quick-lime,  but  pro- 
duced no  fenfible  heat.  And  not  only  fome  unheeded  circumftances  may 
promote  or  hinder  the  artificial  production  of  cold  by  particular  agents, 
but,  perhaps,  fome  hardly  obfervable  indifpofition  in  the  patient,  may 
promote  or  hinder  the  effeCts  of  the  grand,  and  univerfal  efficients  of 
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cold-,  for  I have  fometimes  found,  that  the  degree  of  the  operation  of  Physics. 
cold  has  been  much  varied  by  latent  circumftances  fome  bodies  be- 
in o*  more  wrought  upon,  and  others  lefs,  than  we,  upon  very  probable 
orounds,  expeSed.  And  particularly,  I remember,  tho’  oil  of  vitriol 
be  one  of  the  moft  fiery  liquors  yet  known,  performs  foia&e  of  the  opera- 
tions of  fire  it  felf,  and  thaws  ice,  fooner  than  fpirit  of  wine,  or  any  other 
liquor  *,  yet  having  put  about  a pound  of  fine  rectified  oil  of  vitriol  into 
a flrong  glafs-vial  proportionable  to  it,  we  found  that,  except  a little, 
which  was  fluid  at  the  top,  it  was  all  congealed,  or  coagulated  into  amafs, 
like  ice,  tho’  the  glafs  Hood  in  a laboratory,  where  a fire  was  conftantly 
kept  not  far  from  it,  and  where  oil  of  vitriol  very  feldom,  or  never,  has 
before,  or  fince,  been  obferved  to  congeal  fo  much  as  in  part.  The  odd- 
nefs  of  our  phenomenon  was  increafed  by  this  circumftance,  that  the  mafs 
continued  folid,  for  a long  time  after  the  weather  was  grown  too  mild 
to  have  fuch  operations  upon  liquors,  much  more  difpofed  to  lofe  their 
fluidity  by  cold,  than  even  common  oil  of  vitriol.  On  the  other  hand, 
having  expofed  fome  oil  of  fweet  almonds,  hermetically  fealed  up  in  a 
glafs-bubble,  to  obferve  what  condenfation  an  intenfe  cold  would  make 
of  it,  (for  tho*  cold  expands  water,  it  condenfes  common  oil  ;)  I found 
the  next  day,  that  not  only  the  oil  remained  unfrozen  by  the  fharp 
froft,  whereto  it  had  been  expofed  ; but  that  it  had  not  its  tranfpa- 
rency  diminilhed,  tho’  it  is  known  that  oil  will  be  brought  to  con- 
crete by  a far  lefs  degree  of  cold,  than  is  requifite  to  freeze  water. 

This  liquor,  neverthelefs,  which  was  lodged  in  a glafs,  blown  at  the 
flame  of  a lamp,  continued  fluid,  and  tranfparent  in  very  frofly  wea- 
ther fo  long,  that  I never  expedted  to  fee  it  congealed.  And  tho’  cam- 
phire  is  often  reckoned  potentially  cold,  yet  fome  oil  of  it,  wherein 
the  whole  body  of  the  camphire  remained,  reduced  by  fome  nitrous 
fpirits  to  that  form,  being  kept  in  fuch  intenfe  degrees  of  cold,  that 
would  have  eafily  frozen  water,  it  loft  not  its  tranfparency,  or  flui- 
dity *. 


* The  power  of  congelation  is  not  al- 
ways proportionable  to  the  degree  of  cold, 
but  feems,  in  fome  meafure,  to  depend  on 
other  alterations  in  the  weather ; and  a&ual 
cold  feems  not  owing  to  a mere  reft  of  parts 
among  themfelves ; nor  can  hardnefs  proceed 
from  a mere  deprivation  of  motion  ; whence 
k appears  probable,  fince  a mixture  of  cer- 


tain falts  with  water  give  a great  degree  of 
coldnefs,  and  fometimes,  when  the  propor- 
tions have  been  nicely  hit,  turn  it  to  ice, 
that  a particular  kind  of  fait  is  the  caufe  of 
congelation,  by  infinuating  between  the  parti- 
cles of  water  like  nails,  and  fixing  them  toge- 
ther; tho’  this  is  but  a conjetture.  See  Clark * 
Annot . in  Robault . p.  117,  148. 
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SECT.  II. 


Agitation  re- 
quijite  to  heat. 


wgcha  TTEat  will  appear  the  more  likely  to  be  mechanically  producible,  from 
vically  ^produ-  JlI  confidering  the  nature  of  it.  And  this  feems  principally  to  con- 
cihle.  fift  in  that  mechanical  property  of  matter  we  call  motion  •,  which  is  fub- 

je£t  to  three  conditions.  Firft,  the  agitation  of  the  parts  muft  be  vehe- 
? menti  for  this  diftinguifhes  the  bodies  faid  to  be  hot,  from  thofe  which  are 
barely  fluid.  Thus  the  particles  of  water,  in  its  natural  ftate,  move  fo 
calmly,  that  we  do  not  feel  it  at  all  warm,  tho*  it  could  not  be  a liquor, 
unlefs  they  were  in  a reftlefs  motion  •,  but  when  water  comes  to  be  actual- 
ly hot,  the  motion  manifeftly,  and  proportionably  appears  more  vehe- 
ment *,  fince  it  does  not  only  ftrike  our  organs  of  feeling  briflcly,  but  or- 
dinarily produces  numerous  very  fmall  bubbles,  melts  coagulated  oil  caft 
upon  it,  and  affords  vapours,  which,  by  their  agitation,  afcend  into  the 
air.  And  if  the  degree  of  heat  be  fuch,  as  to  make  the  water  boil,  then 
the  agitation  becomes  much  more  manifeft,  by  the  confufed  motions, 
waves,  noife,  bubbles,  and  other  obvious  effedts  excited  therein.  Thus 
in  a heated  iron,  the  vehement  agitation  of  the  parts  may  be  eafily  infer- 
red from  the  motion,  and  hiding  noife  it  makes  with  the  drops  of  water, 
that  fall  upon  it.  And  fire,  which  is  the  hotted:  body  we  know,  confifts 
of  parts  lb  vehemently  agitated,  that  they  perpetually  fly  off  in  fwarms, 
and  diflipate  all  the  combuftible  bodies  they  meet  with  in  their  way  ; 
making  fo  fierce  a diffolution,  and  great  confumption  of  its  own  fewel, 
that  we  may  fee  whole  piles  of  folid  wood  fo  diflipated  into  flame, 
and  fmoke,  that  fometimes  there  will  not  be  one  pound  of  aflies  remain- 
ing. 

The  fecond  condition  is,  that  the  determinations  be  very  various,  and 
tend  all  manner  of  ways.  This  variety  of  determinations  appears  to  be 
in  hot  bodies,  both  by  lome  of  the  inftances  already  mentioned,  and 
efpecially  that  of  flame,  which  is  a body  *,  by  the  diffufion,  which  me- 
tals acquire,  when  melted ; and  by  the  operations  of  the  heat,  exercifed 
by  hot  bodies  upon  others,  in  what  pofture  or  fituation  foever  the 
body,  to  be  heated  thereby,  is  applied  to  them.  Thus  a coal,  tho- 
roughly kindled,  will  appear  on  all  fides  red,  and  melt  wax,  and  kin- 

low- 
tho* 

air  and  water  be  moved  ever  fo  vehemently,  as  in  high  winds,  and 
cataradts,  yet  we  are  not  to  expedt  they  fhould  thence  become  mani- 
feftly  hot  i becaufe  the  vehemence  belongs  to  the  progreflive  motion 

it  confifts  of 
made  accord- 
ing 


'And  various 
determina- 
tions» 


die  brimftone,  whether  the  body  be  applied  to  the  upper,  the 
er,  or  to  any  other  part  of  it.  And  according  to  this  notion. 


of  the  whole  body  ; notwithftanding  which,  the  parts 
may  not  be  near  fo  much  accelerated  in  the  motions, 
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ing  to  other  determinations,  as  to  become  fenfibly  hot.  No  wonder  then,  Physics. 
that,  in  fome  cafes,  where  the  whole  body  tends  but  one  way,  it  is  not 
perceived  to  be  made  hot  thereby. 

Nay,  tho*  the  agitation  be  very  various,  as  well  as  vehement,  there  is  That  the  mo~ 
yet  a third  condition  required,  to  make  a body  hot.  For  the  agitated  par-  ™ng  particles 
tides,  or  atleaft,  the  greateft  number  of  them,  muft  be  fo  minute,  as  to 
fingly  infenfible.  Were  an  heap  of  fand  to  be  vehemently  agitated  by  a 
whirl-wind,  the  bulk  of  the  corpufcles  would  keep  their  agitation  from  be- 
ing properly  heat ; tho’  by  their  numerous  ftrokes  upon  a man’s  face,  and 
the  brifk  commotion  of  the  fpirits,,  and  other  fmall  particles,  which  may 
thence  enfue,  they  may  perhaps  produce  that  quality. 

1 . Hence,  if  we  duly  attend  to  this  notion  of  the  nature  of  heat,  ’tis  Various  me- 
eafy  to  difeern,  how  it  may,  feveral  ways,  be  mechanically  produced.  For,  chanical • 
except  in  fome  few  anomalous  cafes,  by  whatever  means  the  infenfible  parts  °f  Producinl 
of  a body  are  put  into  a very  confufed  and  vehement  agitation,  heat  will heat' 
be  introduced  into  that  body.  And  as  there  are  feveral  agents  and  opera- 
tions, by  which  this  heating  motion  may  be  excited ; fo  there  muft  be  fe- 
veral mechanical  ways  of  producing  heat.  Various  experiments  may  be 
reduced  to  almoft  each  of  thefe  heads  ; chance  it  felf  having,  in  the  labo- 
ratories of  chymifts,  afforded  feveral  phenomena,  referable  thereto.  Many 
of  the  more  familiar  inftances,  applicable  to  this  purpofe,  are  collected  by 
the  Lord  Verulam , in  his  excellent  paper,  Be  forma  calidi.  There  are  fe- 
veral caufes  aftign’d  for  the  heat  oblerved  in  quick-lime,  upon  the  affufion 
of  cold  water;  which  to  me  feem  either  juftly  queftionable,  or  manifeftly 
erroneous.  The  fchools  tell  us,  it  happens  by  virtue  of  an  antiperiftafis, 
or  invigoration  of  the  internal  heat  of  the  lime,  upon  its  being  furrounded 
by  cold  water : but  this  is  an  imaginary  caufe  ; for  if  the  water  be  poured 
on  very  hot,  the  ebullition  of  the  lime  will  not  be  the  lefs,  but  rather 
greater : and  oil  of  turpentine,  which  is  a lighter,  and  more  fubtile  li- 
quor than  water,  will  not,  tho’  poured  on  cold,  grow  fenfibly  hot  with  it. 

Helmont  indeed,  and  his  followers,  have  attempted  to  derive  this  heat, 
from  the  conflict  of  fome  alkalizate  and  acid  falts  of  the  quick- lime, 
which  are  diffolved  ; and  fo  fet  at  liberty  to  fight  with  one  another,  by 
the  water  that  flakes  it.  But  tho’  we  have  fome  manifeft  marks  of  an  alka- 
lizate fait  in  lime,  yet  that  it  contains,  alfo,  an  acid  fait,  has  not  been 
proved  ; and  if  the  heat  be  a fufiicient  reafon  to  prove  a latent  acid  fait  in 
lime,  why  may  we  not  infer,  that  the  like  fait  lies  concealed  in  other  bo- 
dies, which  the  chymifts  take  to  be  of  the  pureft  fort  of  alkalies  ? For  I 
have  purpofely  tried*  that,  by  putting  a confiderable  quantity  of  dry  fait 
of  tartar  in  the  palm  of  my  hand,  and  wetting  it  well  with  cold  water, 
there  has  been  a very  fenfible  heat  produced  in  the  mixture : and  when  I 
have  made  the  trial,  with  a larger  quantity  of  fait  and  water,  in  a vial, 
the  heat  proved  very  intenfe,  and  continued  to  be  fenfible  for  a long  time 
after. 
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2.  This  experiment  Teems  to  fhew,  that  the  heat  proceeds  from  the  em- 
pyreuma,  or  impreffion  left  by  the  violent  fire,  that  reduced  the  ftone  to 
lime.  But  if  by  empyreuma,  we  mean  a bare  impreffion  made  by  the 
fire,  ’twill  be  difficult  to  fhew  wherein  it  confifts,  and  how  it  operates  in 
this  cafe.  The  effedt  may  be,  alfo,  afcribed  to  fwarms  of  fiery  particles, 
adhering  to  the  fubftance  of  the  lime,  and  fet  at  liberty  to  fly  away,  by 
the  liquor-,  as  may  be  conjectured  from  the  flaking  of  lime,  left,  for  fome 
time,  in  the  air,  whereby  the  atoms  of  fire  have  an  opportunity  to  fly  gra- 
dually away.  And,  doubtlefs,  we  may  admit  the  co-operation  of  a fub- 
flantial  effluvium  of  the  fire,  in  accounting  for  the  phenomenon.  But  it 
is  not  eafy  to  apprehend,  that  fuch  light  and  minute  bodies  fliould  be  fo 
long  detained,  as  muft  by  this  hypothefis  be  allowed,  in  quick-lime  ; ef- 
pecially  fince  no  great  heat  enfues  the  pouring  of  water  upon  minium, 
or  Crocus  Martis  'per  fe,  tho’  they  have  been  calcined  by  a violent  fire, 
the  effluvia  whereof  feem  to  adhere  to  them,  by  the  increafe  of  weight, 
that  lead  and  iron  manifeftly  receive  from  the  operation  of  it.  And  tho* 
one  would  think,  that  the  fiery  atoms  fliould  either  fly  oflf,  or  be  ex- 
tino-uilhed  by  the  water ; yet  I have  made  an  experiment,  in  which  two 
liquors,  whereof  one  was  natural,  did,  by  being  feveral  times  feparated, 
and  re-conjoined  without  addition,  at  each  conjunction  produce  a fenfible 
heat.  And  an  inftance  of  this  kind,  we  have  in  fait  of  tartar,  from 
which,  after  it  had  been  once  heated  by  the  affufion  of  water,  we 
abflraCted  the  liquor,  without  violence  of  fire,  till  the  fait  was  again 
dry  and  then  putting  on  water  a fecond  time,  the  fame  fait  grew 
hot  again  in  the  vial,  and  produced  the  like  heat  a third  time,  and 
might  probably  have  done  it  oftener  : which  feems,  at  lead,  to  argue, 
that  the  great  violence  of  fire  is  not  neceflary  to  imprefs  what  pafies 
for  an  empyreuma,  upon  all  the  calcined  bodies,  which  will  grow  hot 
with  water.  Perhaps,  alfo,  the  heat  may  much  depend  upon  the  par- 
ticular difpofition  of  the  calcined  bodies,  which,  being  deprived  of  its 
former  moifture,  and  made  more  porous  by  the  fire,  acquires,  by 
means  of  thofe  igneous  effluvia,  fuch  a texture,  that  the  water,  im- 
pelled by  its  own  weight,  and  the  prefiure  of  the  atmofphere,  is  able 
to  get  into  a multitude  of  its  interfaces  at  once,  fuddenly  difiblve 
the  alkalizate  falts  it  every  where  meets  with,  and  brifkly  disjoin  the 
earthy  and  folid  particles,  that  were  blended  with  them;  which  be- 
ing exceeding  numerous,  tho5  each  of  them  perhaps  be  very  minute, 
and  moves  but  a very  little  way,  yet  their  multitude  makes  the  con- 
fided agitation  of  the  whole  aggregate,  and  of  the  particles  of  the 
water  and  fait  vehement  enough  to  produce  a fenfible  heat ; efpeci- 
aliy,  if  we  admit  fuch  a change  in  the  pores,  as  greatly  increafes  this  agi- 
tation, by  the  entrance  and  aCtion  of  a fubtile  etherial  matter,  from 
which,  alone,  M.  Des-Cartes  attempts  to  derive  the  heat  produced  by 
lime  and  water,  as  well  as  that  of  metals  dififolved  in  corrofive  li- 
quors. But  in  our  phenomena,  there  feems,  at  leaf!:,  to  concur  a pe- 
culiar 
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culiar  difpofition  of  the  body,  wherein  heat  is  produced,  to  retain  many  Physics. 
fiery  effluvia,  and  to  be,  by  their  adhefion,  or  fome  other  operation  of  ■nr—-* 
the  fire,  reduced  to  fuch  a texture  of  its  component  particles,  as  fits  it  to 
have  them  eafily  penetrated,  and  greatly  difflpated  by  water.  And  this 
‘conjecture  feems  favoured  by  various  phenomena.  It  may  be  obferved, 
that  both  the  difTolved  fait  of  tartar,  lately  mentioned,  and  the  artificial 
liquor,  which  grows  hot  with  the  natural  one,  re-acquires  that  difpofition 
to  heat,  upon  a bare  condenfation,  or  clofer  texture  of  the  parts,  from 
the  exhalation  of  the  fuperfluous  liquors,  wherein  they  were  before  dii- 
perfed  : the  heat,  which  brought  them  to  this  texture,  having  been  fo  gentle, 
that  it  is  no  ways  likely,  the  fiery  exhalations  could,  themlelves,  produce 
fuch  an  one  •,  or  at  leaft,  that  they  fhould  adhere  in  numbers  fufficient  to 
that  end,  unlefs  the  texture  of  the  fait,  or  other  body,  peculiarly  difpofed 
it  to  detain  them  j fince  I have  found  by  trial,  that  fal-armoniac,  dif- 
folved  in  water,  tho’  boiled  up  with  a brifker  fire,  to  a dry  fait,  would 
not,  upon  its  being  again  difTolved  in  water,  produce  any  heat,  but 
a very  confiderable  degree  of  cold.  And  tho*  a great  likenefs  might 
be  expeCted  between  the  particles  of  fire  adhering  to  quick-lime,  and 
thofe  of  highly  rectified  fpirit  of  wine  ; yet  I have  not  found,  that 
the  affufion  of  that  fpirit  upon  quick-lime  produced  any  fenfible  heat, 
or  vifible  diffolution  of  the  lime,  tho’  it  feemed  to  be  greedily  fuck’d 
in,  as  common  water  would  have  done.  And  I farther  tried,  that  if 
cold  water  was  poured  on  this  lime,  fo  drenched,  there  enfued  no 
manifeft  heat:  nor  did  the  lump  appear  fwelled,  or  broken,  till  fome 
hours  after  ; which  feems  to  argue,  that  the  texture  of  the  lime  ad- 
mitted the  particles  of  the  fpirit  of  wine  into  fome  of  its  pores,  which 
were  either  larger,  or  more  fit,  without  admitting  it  into  the  moft  nume- 
rous, whereinto  the  liquor  mull  be  received,  to  be  able  fuddenly  to  dif- 
fipate  the  corpufcles  of  lime  into  their  minuter  particles.  I alfo  made 
an  experiment,  which  feems  to  favour  our  conjecture,  by  fhewing  how 
much  the  difpofition  of  lime  to  grow  hot  may  depend  upon  a fuitable 
texture.  Upon  quick-lime  placed  in  a retort,  we  put  as  much  fpirit 
of  wine,  as  would  fwim  pretty  high  above  it ; when,  diftilling  with 
a gentle  fire,  we  drew  off  fome  fpirit  much  ftronger  than  that  which 
had  been  put  on  ; and  then  the  phlegm  following  it,  the  fire  was  in- 
creafed,  which  brought  over  a large  quantity  of  weak  liquor  j by 
which,  one  would  have  thought,  that  the  quick-lime  had  been  flaked ; 
but  the  remaining  matter  being  taken  out  of  the  retort,  and  fuffered 
to  cool,  it  appeared  to  have  a fiery  difpofition,  which  it  had  not  be- 
fore. For  if  any  lump  of  it,  as  big  as  a nutmeg,  was  call  into  water, 
it  would  hifs  like  a coal  of  fire  plunged  into  the  liquor,  which  was  thereby 
foon  fenfibly  heated.  Nay,  having  kept  feveral  lumps  of  this  pre- 
pared calx  well  fecured  from  the  air,  for  many  weeks,  to  try  whether 
it  would  retain  this  property,  I found  it  operate  after  the  fame  man- 
ner, but  more  powerfully.  For  fometimes  it  would,  upon  its  coming 
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into  the  water,  make  fuch  a brifk  noife,  as  might  almoft  pafs  for  ex- 
plofion. 

3.  Thefe  phenomena  feem  to  fhew,  that  the  difpofition,  which  lime  has 
to  grow  hot  with  water,  greatly  depends  on  fome  peculiar  texture  ; fince  * 
the  aqueous  parts,  which,  one  would  think  capable  of  quenching  mod  of 
the  fiery  atoms  fuppofed  to  adhere  to  quick-lime,  did  not  near  fo  much 
weaken  the  difpofition  of  it  to  heat,  as  the  accefs  of  the  fpirituous  corpuf- 
cles,  and  their  contexture  with  thofe  of  the  lime,  increafed  it.  And  that 
fuch  an  affociation  might  happen,  feems  the  more  probable,  becaufe  much 
of  the  diftilled  liquor  was  as  phlegmy,  as  if  it  had  been  robbed  of  its  more 
adtive  parts  ; and  becaufe  I have  fometimes  had  fpirit  of  wine  come  over 
with  quick-lime,  not  in  unobferv’d  fleams,  but  white  fumes.  We  may 
add,  befides  that  the  tafte,  and  perhaps  fcent  of  the  fpirit  of  wine,  is  often 
manifeflly  changed  by  a well-regulated  diftillation  from  quick-lime  ; I 
have  fometimes  found  that  liquor  to  give  the  lime  a kind  of  alkalizate  pe- 
netrancy  of  tafte,  or  fierinefs,  which  was  very  brifk  and  remarkable : tho* 

I have  found  quick-lime  to  differ  greatly,  not  only  with  the  degree  of  its 
calcination  and  frefhnefs,  but  alfo  according  to  the  various  nature  of  the 
ftones,  and  other  bodies  calcined  to  make  it. 

4.  To  come  to  the  produdlion  of  heat,  wherein  there  appears  nothing  on 
the  part  of  the  agent  or  patient,  but  motion,  and  its  natural  effedts.  When 
a fmith  brifkly  hammers  a fmall  piece  of  iron,  the  metal  thereby  becomes 
exceeding  hot  •,  yet  there  appears  nothing  to  make  it  fo,  except  the  forci- 
ble motion  of  the  hammer,  impreffmg  a vehement,  and  variouny  deter- 
mined agitation  on  the  fmall  parts  of  the  iron  •,  which  being  a cold  body 
before,  grows,  by  that  fuperinduced  commotion  of  its  fmall  parts,  in  fe- 
veral  fenfes  hot.  Firft,  in  a more  loofe  acceptation  of  the  word,  with  re- 
gard to  fome  other  bodies  compared  with  which  it  was  cold  before,  then 
fenfibly  hot*,  becaufe  this  agitation  furpaffes  that  of  the  parts  of  our  fin- 
gers. And  in  this  inftance,  oftentimes,  neither  the  hammer  nor  the  anvil 
continues  cold,  after  the  operation  *,  which  lhews,  that  the  heat  acquired 
by  the  forged  piece  of  iron  was  not  communicated  by  the  hammer  or  an- 
vil, as  heat,  but  produced  in  it  by  a motion,  great  enough  ftrongly  to  agi- 
tate the  parts  of  fo  fmall  a body  as  the  piece  of  iron,  without  being  able 
to  have  the  like  effcd  upon  fo  much  greater  maffes  of  metal,  as  the  ham- 
mer and  the  anvil  *,  tho’  if  the  percufhons  were  often  and  brifkly  renewed, 
and  the  hammer  were  fmall,  this  alfo  might  be  heated  ; whence  it  is  not 
neceffary  that  a body  fhould  be  it  felf  hot,  to  give  heat.  And  if  a large 
nail  be  driven  by  a hammer  into  a plank  of  wood,  it  will  receive  feve- 
ral  ftrokes  on  its  head,  before  it  grovs  hot;  but  when  it  is  once 
driven  to  the  head,  a few  ftrokes  fuffice  to  give  it  a confiderable 
heat : for  whilft,  at  every  blow  of  the  hammer,  the  nail  enters  farther 
into  the  wood,  the  motion  produced  is  chiefly  progreftive,  and  is  of 
the  whole  nail,  tending  one  way  ; but  v/hen  that  motion  ceafes,  the 
impulfe  given  by  the  ftroke,  being  unable  either  to  drive  the  nail  far- 
ther on,  or  break  it,  muft  be  fpent  in  making  a various,  vehement, 

and 
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and  inteftine  commotion  of  the  parts  among  themfelves  ; wherein  the  na-  Physics. 
ture  of  heat  confifts. 

5.  In  the  foregoing  experiment,  the  brifk  agitation  of  the  parts  of  a 
heated  iron  was  made  fenfible  to  the  touch  ; I fhall  now  add  an  attempt 
I made  to  render  it  difcoverable  to  the  eye  it  felf.  In  order  to  this,  I 
caufed  a bar  of  iron  to  be  brifkly  ftruck  upon  by  two  or  three  lufty  men, 
accuftomed  to  the  hammer,  who  dealing  their  ftrokes  with  as  much  force, 
and  as  little  intermiffion  as  poffible,  loon  render’d  it  too  hot  to  be  fafely 
touched  ; and  it  would,  probably,  have  fired  gun-powder,  if  the  me- 
tal I was  obliged  to  ufe  had  been  of  the  belt  fort:  for  it  kindled  the  fulphur 
of  many  corns  of  that  powder,  and  turn’d  them  blue.  But,  befides  the 
effe&s  of  violent  percuflion,  there  are  fome  obvious  phenomena,  which 
fhew  the  produciblenefs  of  heat  in  cold  iron,  by  caufing  an  inteftine  com- 
motion of  its  parts.  We  find,  that  if  a piece  of  iron,  of  a convenient 
fliape  and  bulk,  be  brifkly  filed  with  a large  rough  file,  a confiderable  de- 
gree of  heat  will  be  quickly  excited  ; the  many  prominent  parts  of  the  in- 
flrument  giving  a multitude  of  ftrokes  to  the  parts  of  the  iron,  which  hap- 
pened to  hand  in  their  way,  and  thereby  making  them  put  the  neighbour- 
ing parts  into  a brifk  and  confined  motion,  and  confequently  into  a hate 
of  heat.  It  mull  not  be  here  objected,  that,  upon  this  account,  the  file 
it  felf  ought  to  grow  as  ho:  as  tne  iron  •,  iince,  the  whole  body  of  the  file 
being  continually  moving  backwards  and  forwards,  tne  fame  parts,  that 
touch  the  iron  one  moment,  p fs  off  the  ntx^ ; and,  befides,  have  leifure 
to  cool  themfelves,  by  communicating  heir  agitation  to  the  air,  before 
they  are  brought  to  grate  again  upon  the  iron,  which  being  held  immove- 
able, receives  a moh  perpetual  fh>  cks  in  the  fame  place.  We  find  alfo, 
that  vehement  itrition  produces  h_at  in  the  moil  folid  bodies;  as  when 
the  bla  ’e  of  a knife  is  fir  m dy  whetted  ; or  a brafs  nail  rubbed  againfl  a 
board.  And  I remember,  th.it,  driving  our  coach  very  fall,  in  exceed- 
ing hot  eath.  r,  the  at  triton  of  t e nave  of  the  wheel  againfl  the  axle-tree 
was  *0  vehement,  as  obliged  us  to  coo  the  parts  with  water,  to  flop  the 
growing  mifchief.  Tne  common  experiment  of  finking  fire  with  a flint 
and  flee1,  fu.fficiently  declares,  what  heat  may,  in  a trice,  be  produced  in 
cold  bodies  by  percudion  or  collifion  ; the  latter  of  which  feems  but  mu- 
tual percuflion. 

6.  For  the  fake  of  thofe  who  think  the  attrition  of  contiguous  air 
necefiary  to  produce  mar  i fed:  heat,  we  placed  fome  hard  black  pitch  in 
a bafon,  at  a convenient  di  dance  under  water,  and  cafl  the  fun’s  rays 
on  it,  with  a burning-g'af , in  fiich  a manner,  that,  notwithstanding  the 
refraction  they  fullered  in  puffing  thro’  the  water,  the  focus  fal  ing  up- 
on the  pitch,  would  produce  fometimes  bubbles,  fometimes  fmoke,  and 
quickly  communicate  a degree  of  heat  able  to  melt  it,  if  not  alfo  to  make  it 
boil. 

7.  We  havefhewn  that  a confiderable  degree  of  cold  is  produced  by 
the  difiolution  of  fal-armoniac  in  common  water  > yet  the  texture  of  it 
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Physics,  may,  by  an  addition,  be  fo  alter’d,  that  a great  degree  of  heat  will  arife 
upon  difTolving  it  therein.  We  flaked  quick-lime  in  common  cold  water, 
that  all  the  fiery,  or  other  particles  of  it,  to  which  its  power  of  heating 
that  liquor  is  afcribed,  might  be  extracted  and  imbibed,  and  fo  the 
remaining  calx  be  freed  from  them  ; on  this  calx  we  often  poured  frefh 
water,  that  all  adhering  reliques  of  fait  might  be  wafhed  off.  Then  the 
dulcified  powder,  being  again  well  dried,  was  mixed  with  an  equal  weight 
of  powdered  fal-armoniac  *,  and  having,  in  a ftrong  fire,  melted  the  mafs, 
the  mixture  was  poured  out  •,  and  being  afterwards  beaten  to  powder,  hav- 
ing allowed  it  a competent  time  to  grow  cold,  we  put  two  or  three  ounces 
of  it  into  a wide-mouth’d  glafs  ; and  pouring  water  upon  it,  within  about 
a minute  the  mixture  grew  warm,  and  quickly  attained  fo  intenfe  a heat, 
that  I could  not  hold  the  glafs  in  my  hand.  And  tho*  this  heat  did  not 
laff  long  at  the  fame  height,  it  continued  to  be  very  fenfible  for  a confider- 
able  time.  And  to  confirm  this  experiment  by  a notable  variation  ; we 
took,  finely  powdered,  fal-armoniac,  and  filings  of  Heel  ; and  when  they 
w'ere  very  well  mixed,  we  caufed  them  to  be  gradually  fublimed  in  a glafs- 
veffel  ; giving  a fmart  fire  towards  the  latter  end.  By  this  operation,  fo 
little  of  the  mixture  afcended,  that  far  the  greateft  part  of  the  fal-armoniac 
Haid  at  the  bottom  with  the  metal  *,  then  taking  out  the  Caput  mortuum , I 
gave  it  time  to  cool  thoroughly,  but  in  a glafs  well  Hopp’d,  that  it  might 
not  imbibe  the  moiffure  of  the  air : and  laftly,  tho’  both  thefe  bodies  were 
adtually  cold,  and  fo  might  be  thought  likely  to  increafe,  and  not  check 
the  coldnefs  ufually  produc’d  in  wTater  by  that  fait ; yet  putting  the  mixture 
into  common  water,  there  enfued  an  intenfe  degree  of  heat.  And  having 
fublimed  the  forefaid  fait,  in  diffinCt  veffels,  with  the  filings  of  fteel,  and 
with  filings  of  copper,  and  kept  one  of  their  remainders  after  diftillation. 
For  feveral  months ; we,  at  length,  took  it  out  of  the  veffel,  which  had 
been  carefully  Hopp’d,  and  found  that  the  difpofition  to  give  cold  water  a 
great  degree  of  heat  was  Hill  preferved  in  it. 

8.  Tf  experiments  were  made  after  the  fame  manner,  with  fal-armoniac, 
and  other  mineral  bodies,  befides  iron,  and  copper,  it  is  probable,  that 
fome  of  the  phenomena  thence  arifing,  would  confirm  what  we  have 
fiaid  of  the  interefi  of  texture,  and  fome  few  other  mechanical  pro- 
perties in  the  production  of  heat  and  cold.  For,  three  ounces  of  an- 
timony, and  an  equal  weight  of  fal-armoniac,  being  well  powdered, 
mixed,  and,  by  degrees  of  fire,  fublimed  in  a glafs-veffel,  we  obtained 
three  different  fubffances,  which  we  caufed  to  be  feparately  powdered  as 
foon  as  taken  out  of  the  fubliming  glafs,  leff  the  air  fhould  make  any 
change  in  them  *,  and  having  before  let  the  ball  of  a good  feal’d  wea~ 
ther-glafs,  for  a time,  into  water,  that  the  fpirit  of  wine  might  be 
brought  to  the  temper  of  the  external  liquor,  we  put  in  two  ounces 
of  the  powdered  Caput  mortuum , which  feeming  to  be  little  other  than 
antimony,  fcarce  fenfibly  raifed  the  fpirit  of  wine  in  the  thermo- 
meter. 
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meter.  Then  laying  afide  that  water,  and  putting  the  inii  rumen  t into  Physics. 
frefh,  of  the  fame  temper,  we  added  to  it  a very  yellow  fublimate,  which  v— • J 
afcended  higher  than  the  other  parts,  and  feemed  to  conlifl  of  the  more  ful- 
phureous  flowers  of  the  antimony,  with  a mixture  of  the  more  volatile  parts 
of  the  fal-armoniac.  And  this  fubftance  made  the  tinged  fpirit  in  the  ther- 
mometer defcend,  very  flowly,  about  a quarter  of  an  inch  •,  but  when  the 
inflrument  was  put  into  frefh  water  of  the  fame  temper,  and  we  had  added 
lome  of  the  powder  of  the  lower  fort  of  fublimate,  which  was  dark-co- 
loured; tho’  both  the  antimony,  and  fal-armoniac  it  confifted  of,  had 
been  long  expofed  to  the  aCtion  of  a fubliming  heat*  yet  the  water  was 
thereby  foon  cooled,  fo  that  the  fpirit  of  wine  in  the  weather-glafs  hafli- 
ly  defcended,  and  continued  to  fink,  till  it  had  fallen  near  three  inches. 

We  made  a like  experiment  by  fubliming  minium  and  fal-armoniac,  each 
three  ounces  ; and  found,  that  tho*  in  the  Caput  mortuum , the  fait  had  no- 
tably wrought  upon  the  calx  of  lead,  and  was  in  part  affociated  with  it  \ 
yet  a convenient  quantity  of  this  powder’d  mixture  being  put  into  water, 
wherein  the  former  weather-glafs  had  been  kept  a while,  the  fpirit  of  wine 
was  not  manifeflly  either  raifed  or  deprefs’d.  And  when,  in  another  glafs, 
we  profecuted  the  trial  with  the  fal-armoniac,  which  had  been  fublimed 
from  the  minium,  it  did,  indeed,  make  the  fpirit  of  wine  defcend  \ but 
fcarce  a quarter  fo  much  as  it  had  been  made  to  fall  by  the  former  fubli- 
mate of  fal-armoniac  and  antimony. 

9.  The  heat  arifing  in  the  diflfolution  of  metals,  Is  often  afcribed  to  a Heat  produced 
fuppofed  antipathy,  eccafioning  a conflict,  or  hoftility,  between  the  con-  ^ 

tending  bodies  ; and  particularly  between  the  acid  fait  of  the  one,  and  the'  others  of 
alkalizate  fait  of  the  other.  It  will,  therefore,  be  proper  to  offer  feme  in- federal  kinds. 
fiances  of  the  production  of  heat,  by  the  operation  of  one  agent,  oil  of  vi- 
triol ; whence  we  may  confider,  whether  it  be  likely,  that  this  Angle  a- 
gent  fhould,  upon  account  of  antipathy,  or  that  of  its  being  an  acid,  pro- 
duce an  intenfe  heat  in  many  bodies  of  very  different  natures.  Take  fome 
ounces  of  ftrong  oil  of  vitriol,  and  fhaking  it  with  three  or  four  times  its 
weight  of  common  water,  tho’  both  the  liquors  were  cold,  when  put  toge- 
ther, yet  their  mixture  will  immediately  grow  intenfely  hot,  and  continue 
confiderably  fo  for  fome  time.  In  this  cafe,  it  cannot  be  pretended,  that 
the  heat  arifes  from  the  conflict  of  the  acid  and  alkalizate  falts,  abounding 
in  the  two  liquors  ; fince  the  common  water  is  fuppofed  an  elementary 
body,  free  from  all  falts  ; at  leafl,  being  an  infipid  liquor,  it  can  fcarce  be 
thought  to  have  alkali  enough,  to  produce  fo  intenfe  a heat,  by  its  re- 
action. That  the  heat  arifing  upon  fuch  a mixture  will  be  very  great, 
when  the  quantities  of  the  united  liquors  are  large,  may  be  eafily  concluded 
from  hence,  that  I found  no  more  than  two  ounces  of  oil  of  vitriol,  being 
poured  into  four  ounces  of  diftilled  rain-water,  made,  and  kept  it  mani- 
festly warm  for  above  an  hour  ; fo  that,  during  no  fmall  part  of  that  time, 
it  was  painful  to  handle  it. 
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It  feems  extravagant  to  talk  of  heating  cold  liquors  with  ice  *,  but  I have 
eafily  done  it,  by  taking  out  of  a bafon  of  cold  water,  wherein  feveral  frag- 
ments of  ice  were  fwimming,  one  piece  or  two,  which  I perceived  were 
well  drenched  with  the  liquor,  and  fuddenly  immerung  them  into  a wide- 
mou  th’d  gUfs,  of  ftrong  oil  of  vitriol:  for  the  menftruum,  prefently  mix- 
ing with  the  water  which  adhered  to  the  ice,  produced  in  it  a brifk  heat, 
fometimes  with  a manifeft  fmoke  •,  and  that  fuddenly  diffolving  the  con- 
tiguous parts  of  ice,  and  thofe  the  next,  the  whole  ice  was  foon  reduced 
to  water ; and  the  corrofive  menftruum  being,  by  two  or  three  fhakes, 
well  difperfed  thro’  it,  the  whole  mixture  would  immediately  grow  fo 
hot,  that  fometimes  the  containing  vial  could  not  be  endured  in  one’s 
hand. 

Notwithftanding  the  vaft  difference  between  common  water,  and  high- 
ly rectified  fpirit  of  wine  I found  that  oil  of  viuriol,  mixed  with  the  lat- 
ter, would  as  well  grow  hot,  as  with  common  water.  Nor  does  this  ex- 
periment always  require  great  quantities  of  liquor : for  when  I took  but 
one  ounce  of  ftrong  oil  of  vitriol,  tho’  I put  to  it  lefs  than  half  an  ounce  of 
excellent  fpirit  of  wine,  yet  the  two  being  lightly  fhaken  together,  im- 
mediately conceived  fo  briflc  a heat,  that  they  almoft  filled  the  vial  with 
fumes ; and  made  it  fo  hot,  that  I had  like  to  have  burnt  my  fingers  with 
it,  before  I could  lay  it  afide.  I made  the  like  experiment  with  the  fame 
corrofive  menftruum  and  common  Aqua  vit<e  ; by  the  mixture  whereof,  a 
heat  was  produced  in  the  vial,  which  I could  not  well  endure.  The  like 
fuccefs  I had  when  oil  of  vitriol  was  mixed  with  common  brandy ; only 
here  the  heatproduc-d,  feemed  not  fo  intenfe,  as  in  the  former  trial ; which 
alfo  did  not  afford  fo  fierce  a heat,  as  that  made  with  rectified  fpirit  of 
wine. 

Thofe  chymifts  who  conceive,  that  all  the  heat  of  bodies,  upon  their  be- 
ing mixed,  proceeds  from  their  antipathy  or  hoftility,  will  hardly  expeeft, 
that  the  parts  of  the  fame  body  fhould,  without  confl:<ft,  grow  very  hot 
together.  Yet  having  put  two  ounces  of  colccthar,  calcin’d  almoft  black, 
into  a retoi  t,  we  poured  upon  it  two  ounces  of  ftrong  oil  o { Englijh  vitriol, 
and  found,  after  about  a minute,  they  began  to  grow  fo  hot,  that  I could 
not  endure  to  hold  my  hand  at  the  bottom  of  the  containing  veffel ; 
and  this  continued  fenfible  on  the  outfide,  for  between  twenty  and  thirty 
minutes. 

I have  not  obferved  any  liquor,  with  which  oil  of  vitriol  will  grow 
more  hot,  than  with  common  oil  of  turpentine.  Caufing  feveral  ounces 
of  each  to  be  well  fhaken  together  in  a ftrong  veffel,  faftened  to  the 
end  of  a pole,  to  prevent  mifehief ; the  ebullition  was  furprizingly 
great  and  fierce.  This  calls  to  mind  a pleafant  adventure  afforded  by 
thefe  liquors,  of  each  of  which,  having,  for  the  produ&ion  of  heat, 
and  other  purpofes,  caufed  a large  bottle  full  to  be  put  up,  with 
ether  things,  into  a box,  and  fent  down  into  the  country,  with  a 
charge,  that  great  care  fhould  be  had  of  the  glaffes  s the  waggon  in 
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which  the  box  was  carried,  happened,  by  a great  jolt,  to  be  fo  ftiaken,  that  Ph 
thefe  glafles  were  both  broken  ; and  the  liquors  mixing  in  the  box,  made 
fuch  a noife,  and  ft  ink,  and  fent  out  fuch  quantities  of  fmoke  by  the  vents, 
which  the  fumes  had  opened,  that  the  paftengers,  with  great  out-cries, 
haftily  threw  themfelves  out  of  the  waggon,  for  fear  of  being  burnt 
in  it. 

But  tho’  Petroleum,  efpecially  when  re&ified,  be  a moft  fubtile  liquor, 
and  the  lighteft  I have  had  occafion  to  try  •,  yet  to  fhew  how  much  the 
heat  of  liquors  may  depend  upon  their  texture,  having  gradually  mixed  one 
ounce  of  rectified  petroleum  with  an  equal  weight  of  ftrong  oil  of  vi- 
triol *,  the  former  feemed  to  work  upon  the  furface  of  the  latter,  almoft 
like  a menftruum  upon  a metal;  innumerable  fmall  bubbles  continu- 
ally afcending,  for  a while,  into  the  Oleum  Petr^e^  which  had  its  colour 
manifeftly  alter’d,  and  deepened  by  the  operation  of  the  fpirituous  parts. 

But  by  all  the  adtion  and  re-adtion  of  thefe  liquors,  there  was  produced 
no  fuch  fmoking  and  boiling,  or  intenfe  heat,  as  if  oil  of  turpentine  had 
been  employed  •,  the  change  produced  as  to  qualities,  being  but  a kind 
of  warmnefs,  difcoverable  by  the  touch.  Almoft  the  like  fuccefs  we  had 
in  the  conjundtion  of  petroleum  and  fpirit  of  nitre. 

It  were  eafy  to  multiply  inftances  of  heat  producible  by  oil  of  vitriol 
upon  folid  bodies,  efpecially  upon  minerals,  In  the  ufual  preparation  of 
Vitriolum  Martis , there  is  a great  effervefcence  excited  upon  the  aftii- 
fion  of  the  oil  of  vitriol  upon  the  filings  of  fteel,  efpecially  if  they  be 
well  drenched  in  common  water.  And  it  can  fcarce  be  doubted,  that 
fince  oil  of  vitriol  will  diflolve  a great  many  both  calcined  and  tefta- 
ceous  bodies,  as  I have  tryed  with  lime,  oyfter-fhells,  &c.  fo  it  will,  du- 
ring the  diffolution,  grow  fenfibly,  if  not  intenfely  hot  with  them  ; as  I 
found  it  to  do  both  with  thofe  juft  mentioned,  chalk,  Lapis  calaminaris , 
with  the  laft  of  which,  if  the  liquor  be  ftrong,  it  will  become  ex- 
ceeding hot. 

Let  us,  therefore,  proceed  to  its  operation  upon  vegetables,  which  cor- 
rofive  menftruums  have  fcarce  been  thought  fit  to  diffolve  and  grow  hot 
with.  To  omit  cherries,  and  feveral  other  fruits,  abounding  in  watry 
juices,  with  which,  perhaps,  on  that  account,  oil  of  vitriol  will  grow 
hot  ; having  mixed  a quantity  of  this  liquor  with  raifms  of  the  fun, 
beaten  in  a mortar,  the  raifins  grew  fo  hot,  that  the  glafs,  which  con- 
tained them,  almoft  burnt  my  hand.  This  kind  of  heat  may  alfo  be 
produced  by  the  mixture  of  oil  of  vitriol  with  many  other  vegetable  fub- 
ftances  ; but  as  far  as  I have  obferved,  fcarce  fo  eminently  with  any  dry 
body,  as  with  crumbs  of  bread  *,  with  a little  of  which,  and  ftrong  oil 
of  vitriol,  we  have  fometimes  produced  a furprizing  degree  of  heat.  It 
is  as  little  obferved,  that  corrofive  menftruums  will  work  on  the  foft  parts 
of  dead  animals,  as  on  thofe  of  vegetables  *,  yet  I have,  more  than  once, 
produced  a notable  heat,  by  mixing  oil  of  vitriol  with  minced  flefh,  whe- 
ther roafted  or  raw. 


YSICS. 


VOL.  I. 


Dddd 


Tho* 


570  Heat  and  Cold. 

Physics.  Tho’  common  fea-falt  ufually  imparts  fome  degree  of  coldnefs  to 
common  water,  during  its  diftolution  ; yet  fome  trials  have  informed  me, 
that,  if  thrown  into  a competent  quantity  of  oil  of  vitriol,  a heat  will, 
for  the  moft  part,  enfue  •,  tho*  it  yet  did  not  appear  to  fucceed  fo  regularly, 
as  in  moft  of  the  foregoing  experiments.  But  that  heat  Ihould  be  ufually 
produced,  by  oil  of  vitriol  and  fait,  feems  the  more  remarkable,  becaufe 
common  fait  is  one  principal  ingredient  of  common  factitious  fal-armoniac. 
And  I have  been  informed,  that  in  the  academy  at  Florence , oil  of  vitriol 
has  been  obferved  not  to  grow  hot,  but  cold,  by  being  put  upon  fal-ar- 
moniac : and  fomething  like  this  I took  notice  of  in  rectified  fpirit  of  ful- 
phur  per  Campanam  ; but  found  the  effect  much  more  confiderable,  when, 
according  to  the  Florentine  experiment,  I made  the  trial  with  oil  of  vi- 
triol. 

Other  ways  of  io.  To  proceed  to  fome  other  experiments,  wherein  oil  of  vitriol  is 
•producing  not  concerned.  We  took  a large  lump  of  common  fulphur,  and  having 
beaty  injbltds, chafed  it  well,  found  it  thereby  grow  fenfibly  warm;  and  that  there  was 
tals,  &c.  an  inteitine  agitation  made  by  this  attrition,  appear  d not  only  from 
the  heat,  whofe  nature  confifts  in  motion,  and  the  antecedent  preffure, 
which  was  fit  to  put  the  parts  into  a diforderly  vibration,  but  alfo 
by  the  Sulphureous  fteams,  which  were  eafily  Smelt  by  holding  the 
fulphur  to  the  nofe.  This  experiment,  tho*  it  feems  trivial  in  itfelf, 
may  be  worth  the  consideration  of  thofe  chymifts,  who  derive  all  the 
fire  and  heat  we  meet  with,  in  fublunary  bodies,  from  fulphur.  For, 
in  our  cafe,  a mafs  of  fulphur,  before  its  parts  were  put  into  a new 
and  briik  motion,  was  fenfibly  cold ; and  as  foon  as  its  parts  were  put 
into  a greater  agitation  than  thofe  of  a man’s  fingers,  grew  fenfibly 
hot ; which  argues,  that  it  was  not  by  its  bare  prefence,  that  the  ful- 
phur communicated  any  heat  to  the  hand ; and  alfo,  that  when  brifk- 
ly  moved,  it  imprefs’d  that  quality,  it  did  no  more  than  another  So- 
lid body,  tho’  incombuftible,  as  common  glafs,  would  have  done,  if 
its  parts  had  been  likewife  put  into  an  agitation  furpafiing  that  of  the 
organs  of  feeling : fo  that  in  our  experiment  fulphur  itfelf  was  beholden* 
for  its  acftual  heat,  to  local  motion,  produced  in  its  parts  by  exter- 
nal agents. 

We  thought  proper  to  try,  whether,  when  fal-armoniac,  which  greatly 
cools  water,  and  quick-lime,  which  is  known  to  heat  it,  were,  by  the 
fire,  exquifitely  united,  the  mixture  would  impart  to  the  liquor  any  in- 
tenfe  degree  of  either  quality.  To  this  end,  we  took  equal  parts  of  fal- 
armoniac,  and  quick-lime,  and  fluxed  them  together,  and  putting  an  ounce 
of  the  powdered  mixture  into  a vial,  with  a convenient  quantity  of  cold 
water,  I found  the  diftolved  mafs,  in  about  a minute,  ftrike  fo  great  a 
heat  thro’  the  glafs  upon  my  hand,  that  I was  glad  to  remove  it  haftily, 
for  fear  of  being  Scorched . 

We  have  given  Several  inftances  of  the  heat  of  mixtures,  wherein 
both  the  ingredients  were  fluid,  or  at  leaft,  one  of  them  ; but  Some- 
times heat  may  be  produced,  alfo,  by  the  mixture  of  two  powders: 

for 
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For  it  has  been  obferved  in  the  preparation  of  the  butter  or  oil  of  an- Physics. 
timony,  that  if  a fufficient  quantity  of  beaten  fublimate,  be  very  well 
mixed  with  powdered  antimony,  the  mixture,  after  it  has,  for  a com- 
petent time,  flood  in  the  air,  would  fometimes  grow  manifeftly  hot, 
and  now  and  then  to  that  degree,  as  to  fend  out  vaft  fetid  fumes,  almoft  as 
if  it  would  take  lire. 

There  is  another  experiment,  made  by  the  help  of  antimony,  and  a 
pulverized  body,  wherein  the  mixture,  after  it  had  been  expofed  to  the 
air  for  feveral  hours,  vifibly  afforded  us  mineral  fumes.  But  in  this  cafe, 
perhaps,  there  happens  unobfervedly  an  aqueous  moifture,  which,  I fui- 
pedted,  may  be  attracted  from  the  air  •,  fmee  the  mixture  of  the  antimo- 
ny and  the  fublimate,  defigned  for  the  butter  of  antimony,  is  preferibed 
to  be  placed  in  cellars  \ where  we  find  that  fublimate,  at  leaf:  the  faline 
part  of  it,  is  diffolved  per  diliquium . 

I have  given  fome  inftances  of  the  heat  produced  by  water  in  bodies, 
which  are  readily  diffolv’d  in  it,  as  fait  of  tartar,  and  quick-lime  ; but 
one  would  not  expert  that  mere  water  jfhould  produce  heat  in  folid  bo- 
dies, which  are  generally  granted  to  be  infoluble  in  it  •,  yet  trial  has  affured 
me,  that  this  may  be  done  in  flower,  or  fine  powder  of  fulphur,  and  filings 
of  Heel  or  iron.  For  when,  in  fummer-time,  I caufed  a pound  of  each 
to  be  firll  mixed  and  thoroughly  drenched  with  common  water,  where- 
in they  were  very  well  ftirred,  the  mixture  would,  in  a Ihort  time, 
grow  fo  hot,  that  the  containing  vefifel  could  not  be  fuffered  in  the 
hand  : a ftrong  fulphureous  fmell,  and  a thick  fmoke  were,  alfo,  pro- 
duced thereby. 

In  the  inftances  which  chymiftry  ufually  affords  us  of  the  heat  produced 
by  the  adtion  of  menftruums  upon  other  bodies,  fome  humid  liquor  is 
concern’d  and  there  are  many  who  deny,  that  quick-filver,  which  is 

indeed  a fluid,  tho’  not  moift  with  regard  to  us,  will  produce  heat 

by  its  immediate  adtion  on  any  other  body,  and  particularly  on  gold 
but  feveral  trials  have  affured  me,  that  a particular  mercury  may,  by 
preparation,  be  enabled  fuddenly  to  infinuate  itfelf  into  the  body  of 
gold,  whether  calcined,  or  crude,  and  become  manifeftly  hot  with  it, 
in  lefs  than  two  or  three  minutes.  And  fince  we  know  that  fome 
natural  falts,  efpecially  falt-petre,  produce  a coldnefs  in  the  water 
wherein  they  are  diffolved,  I thought  it  might,  alfo,  help  to  difeover 
the  ftrudture  of  metals,  and  the  falts  that  corrode  them,  if  folutions 
were  made  of  fome  bodies,  which  confift  of  metalline  and  faline  parts  ; 
and  fo  abound  with  the  latter,  that  the  whole  concrete  is  on  their 
account  diffoluble  in  common  water  : of  this  fort  of  experiments,  I 

fhall  here  only  take  notice  of  one,  that  we  made  upon  quick-filver, 

which  is  efteemed  the  coldeft  of  metals.  From  this,  having  diftil- 
Jed  four  times  its  weight  of  oil  of  vitriol,  and  thereby  reduced  it  to 
a powder,  which,  on  account  of  the  adhering  falts  of  the  menftruum, 
was  white  and  glittering  ; we  put  this  powder  into  a wide-mouth’d 
glafs  of  water,  wherein  a fealed  weather-glafs  had  before  been  left, 
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Physics,  when,  it  began  manifeftly  to  heat  it  •,  as  appeared  by  the  quick  and  confi- 
J derable  afcent  of  the  tinged  fpirit,  that  continued  to  rife  upon  putting  in 
more  of  the  magiftery.  This  event  is  the  more  remarkable,  becaufe  Hel- 
mont  obferves,  that  the  fait  adhering  to  the  mercury,  corroded  by  oil  of  vi- 
triol, becomes,  if  it  be  walked  off,  and  coagulated,  a kind  of  alum  ; and 
ftill  more,  becaufe  having,  after  the  fame  manner,  and  with  the  fame  wea- 
ther-glafs,  made  an  experiment  with  common  water,  and  the  powder  of  Vi - 
triolum  Martis , prepared  with  oil  of  vitriol,  and  the  filings  of  fteel ; the 
tinged  fpirit  was  not  at  all  impell’d  up  as  before,  but  rather,  after  a while, 
began  to  fubfide,  and  fell,  tho*  very  flowly,  about  a quarter  of  an  inch. 
The  like  experiment  being  tried  with  powdered  fublihaatein  common  water, 
the  liquor  in  the  thermometer  was  fcarce  at  all,  fenfibly,  either  raifed,  or 
deprefs’d  •,  which  argued  the  alteratiou,  as  to  heat  or  cold,  to  have  been 
either  none,  or  very  inconfiderable. 
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2 1.  Promifcuous  experiments  and  obfervations  upon  cold . 


I 


Our  fenfes  and 
the  common 
thermometers 
may  mijinform 
us  of  cold. 


TO  examine  follicitoufiy  into  the  way  'of  eftimating  the  cold- 
nefs of  bodies,  will,  to  many,  appear  a needlefs  tafk  ; the  or- 
gans of  feeling,  being  generally  thought  the  proper  judges 
hereof : and,  accordingly,  both  the  ancient  and  modern  philofophers 
feem  to  have  taken  up  with  this  bare  information  of  the  matter.  But 
as  too  much  care  cannot  be  fhewn  in  examining  the  criteria  of  things, 
we  fhall  take  a clofer  view  of  this  fubjedt.  For  tho*  cold,  in  its  ob- 
vious idea,  has  relation  to  the  fenfe  of  feeling,  yet  it  remarkably  af- 
fedts  many  other  bodies  befides  ours,  and  in  fome  of  them  produces 
more  fenfible  and  lefs  uncertain  changes  *,  and,  therefore,  in  eftimating 
the  degrees  of  this  quality,  we  ought  to  obferve  its  effedfs  in  thofc 
bodies  : for  our  fenfes,  alone,  or  aftifted  by  the  common  weather- 
gla fifes,  are  not  to  be  relied  on  in  this  particular.  To  render  the  af- 
fertion  credible,  let  it  be  confider’d,  that  the  reafon  why  a body  is 
ufually  faid  to  be  cold  is,  that  we  feel  its  particles  lefs  agitated 
than  thofe  of  our  fingers,  or  other  organs  of  touch  *,  whence,  as  the 
temper  of  that  organ  changes,  the  objedt  may  feem  more  or  lefs  cold, 
while  it  remains  uniformly  the  fame.  Thus  we  find  in  bathing,  the 
milder  degree  of  heat  pafs’d  thro*  to  prepare  us  for  the  greater,  feems 
very  hot,  when  we  immediately  change  it  for  the  open  air  •,  and  even 
chilling  cold,  upon  returning  back  from  the  fweating-room.  But  befides 
thefe  obvious  changes,  there  are  other  fecret  ones,  in  the  difpofition  of 
our  organs,  that  require  a philofophical  head  to  obferve  them.  For 
taking  our  temper  to  be  the  fame,  when  no  manifeft  caufe  of  its  al- 
teration appears,  we  frequently  impute  to  objedfs  what  refides  in  our 
felves  ; when,  if  the  change  be  wrought  by  unfufpedled  agents,  or  by 
mfenfible  degrees,  we  are  apt  to  overlook  it.  Many  cellars  are,  per- 
haps 
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haps,  no  colder  in  the  fummer,  than  in  winter,  or  the  fpring,  tho*  Physi 
they  will  feel  cold  to  us,  who  defcend  into  them,  with  bodies  heat-  ‘ 
ed  by  the  Summer’s  fun,  and  accuftom’d  to  a warmer  air.  Nay,  cold 
fo  greatly  depends  upon  the  agitation  of  the  parts  of  the  obje6t,  that 
even  when  the  organ  feems  unalter’d,  it  may  refer  a degree  of  coldnefs 
thereto,  which  that  really  hath  not.  Thus  air,  blown  out  of  a pair 
of  bellows  upon  an  exadb  thermometer,  appears  not  to  acquire  any  cold- 
nefs, by  being  turn’d  into  wind,  tho’  any  part  of  our  bodies  wou’d 
judge  it  cold  ; the  reafon  whereof  is,  that  tho’  the  organ  remains  un- 
changed, the  wind,  by  its  motion,  drives  away  the  air  contiguous  to 
the  fkin,  together  with  the  warm  effluvia  of  the  body  which  temper’d 
its  coldnefs,  and  alfo  penetrates  deeper  into  the  pores  of  the  fkin,  where 
it  is  lefs  agitated  than  the  internal  parts,  and  confequently  feels  colder. 

There  may  likewife,  at  particular  times,  be  certain  exhalations  in  the 
air  which  have  a fecret  power  of  chilling  the  blood  and  fpirits  of  hu- 
man bodies  *,  for  opium,  externally  applied,  ftrikes  a coldnefs  into  the 
body  by  the  fubtile  effluvia  it  fends  thro’  the  pores  of  the  fkin.  Per- 
haps, alfo,  that  coldnefs  is  afcribed  to  external  caufes,  which  fome  cold 
vapour,  or  very  flight  difeafe  produces  in  us,  bearing  refemblance  to 
what  the  phyficians  term  horrors  and  rigors,  at  the  beginning  of  fevers, 

& V.  or  occasioning  that  ftrange,  univerfal  coldnefs  of  the  external  parts, 
which  is  a common  fymptom  in  hyfterical  cafes.  Again,  bodies  may 
often  feem  colder  to  us  than  we  fhall  find  them  by  the  thermometer  ; 
becaufe  our  organs  are  more  affedted  by  the  denfity  and  infinuation 
of  particles,  than  the  inftrument.  This  I have  frequently  experi- 
enced in  very  nice  thermometers  ; for  water  has  appeared  fufficientiy 
cold  to  our  touch,  when  the  glafs  fhew’d  it  to  be  no  colder  than  the 
air. 


1.  June  26.  between  two  and  four  of  the  clock  in  the  after- 
noon, the  weather  being  feafonable,  I plunged  the  open  Item  of  the 
fmall  glafs  egg  CD  BA,  into  water,  whence  it  received  a cylinder 
of  that  fluid,  about  half  an  inch  in  length,  which  fubfided,  when  the 
glafs  was  ere&ed  perpendicularly,  by  its  own  weight,  or  by  means 
of  the  temper  of  the  included  air,  to  the  lower  part  of  the  pipe 
next  the  egg  ; then  immerfing  the  egg  in  a bafon  of  cold  water,  the 
fmall  cylinder  that  lay  between  the  external  and  internal  air,  prefently 
afcended  from  the  lower  part  of  the  pipe  to  the  middle  thereof ; and 
being  taken  out  of  the  water,  and  placed  again  in  the  air,  the  cylin- 
der would  again  fubflde,  whether  the  glafs  wrere  fuftained  by  my  fin- 
gers, or  Suffered  to  reft  alone.  This  experiment  I Several  times  repeat- 
ed : and  if  inftead  of  water,  I made  ufe  of  quick -Silver,  to  half  cover 
the  egg,  the  cylinder  of  water  would  prefently  mount  to  the  top  of 
the  pipe,  and  fall  back  again  when  the  glafs  was  taken  out.  Having, 
alfo,  placed  the  vefiel  of  quick-fllver  and  bafon  of  water  near  each  other, 
and  Suffering  the  pendulous  cylinder  to  afcend  to  its  utmoft  height  in 
the  latter,  I nimbly  took  it  out,  and  plunged  it  into  the  former,  where 
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Physics,  the  cylinder  rofe  much  higher  *,  and  the  contrary  happened  upon  remo- 
ving  the  egg  out  of  the  quick- filver  into  the  water  ; tho’  the  defcent  was 
neither  fo  fudden  nor  great,  as  if  the  glafs  had  been  removed  from  the 
mercury  into  the  air.  At  another  time,  when  the  weather  was  windy 
and  rainy,  the  pendulous  cylinder  in  the  pipe  funk  upon  the  immerfion 
of  the  glafs  into  water,  both  in  the  morning  and  afternoon  •,  but  not  fo 
much  nor  fuddenly  as  in  the  preceding  mornings. 

2.  June  27,  in  the  morning,  a fmall  cylinder  of  water,  fufpended  in 
the  above-mention’d  glafs,  immerfed  in  water,  immediately  fubfided  to 
a confiderable  depth  ; but  when  plunged  in  quick-filver,  prefently  afcen- 
ded.  Both  parts  of  this  experiment  were  often  repeated.  The  reafon 
of  the  phenomenon  we  fufpedted  to  be  the  warmth  that  the  quick-filver 
had  acquired  by  remaining  all  night  in  a chamber  •,  whilft  the  water  was 
frefh,  and  felt  fomewhat  colder  i and  accordingly,  in  the  afternoon,  the 
water  having  alfo  flood  in  the  chamber,  both  that  and  the  mercury 
would  immediately,  upon  immerfion,  impel  the  pendulous  water  up  in- 
to the  pipe. 

3.  In  the  beginning  of  January , while  the  weather  was  frofly,  we 
took  up  a few  drops  of  water,  as  above,  from  a parcel  fet  by,  for 
a confiderable  time,  to  acquire  the  temperature  of  the  air  *,  and  fuffer- 
ing  the  cylinder  to  remain  long  fufpended,  that  the  internal  air  might 
have  the  fame  temper  as  the  external,  we  immerfed  the  egg  into  a fhal- 
low  velfel  of  the  fame  water  ; whereby  the  fmall  pendulous  cylinder 
was  fuddenly  impell’d  upwards  to  the  height  of  half  an  inch  •,  when, 
the  ball  of  the  thermometer  being  taken  out  of  the  water  into  the  air, 
it  again  flowly  fubfided.  This  was  feveral  times  repeated,  at  intervals, 
in  a clofe  room,  and  with  the  fame  fuccefs,  except  that  in  the  two 
laft  trials,  when  the  thermometer  was  taken  out  of  fhallow  water,  and 
plunged  deep  into  an  adjoining  parcel,  the  pendulous  cylinder  rofe  to 
twice  the  height  it  had  done  in  the  former  ; and  when  taken  from 
this  deep  glafs,  and  expofed  to  the  air,  it  therein  again  defcended  to 
its  low  flation. 

I lay  no  great  ftrefs,  indeed,  upon  thefe  experiments,  yet  fmall- 
feal’d  thermometers  have'  given  me  caufe  to  fufpedt  that  we  receive 
different  informations,  as  to  the  degrees  of  heat  and  cold  in  the  air, 
by  our  organs  of  touch,  and  proper  inflruments.  We  may  alfo  allow, 
that  not  only  water,  but  moift  vapours  in  the  air,  will  caufe  us  to 
think  it  colder  than  the  thermometer  Ihews  it  to  be.  I,  my  felf,  have 
fometimes  felt  the  weather  more  or  lefs  cold  than  the  preceeding , 
when  the  contrary  has  appeared  in  that  inftrument  j tho*  no  obvious 
circumftance,  or  alteration  in  my  body  was  concerned.  Nor  cou’d 
this  be  the  effed  of  any  peculiarity  in  my  conftitution  ; for,  upon  in- 
quiry, others  have  agreed  with  me  in  the  reality  of  the  fad.  It 
might,  therefore,  be  proper  to  obferve  the  fenfe  expreffed  by  birds 
and  other  animals  (whofe  diet  is  more  fimple  and  regular,  and  whofe 
perceptions  are  commonly  more  delicate  and  lefs  diverted  than  ours) 
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of  the  degrees  of  cold  ; and  particularly  to  examine  the  coldnefs  of  Physics. 
the  air,  and  of  other  bodies,  as  well  by  experiments  and  inftruments,  ^ V 
as  by  the  touch.  Martinius , in  his  Atlas  Chinenfts , tells  us  “ that  the 
“ cold  is  greater  in  a certain  part  of  China,  than  its  latitude,  of  forty 
“ two  degrees,  would  induce  one  to  expert  ; for  all  the  rivers,  “ fays  he,’* 

“ are  here  often  frozen  for  four  months  together,  fo  as  to  bear  horfes, 

“ carriages,  &c.  during  which  time,  there’s  no  failing  for  fhips  •,  and 
“ this  hard  weather  beginning  about  the  middle  of  September,  the  ice 
“ is  not  thaw’d  before  March  \ for  tho’  the  water  be  commonly  froze 
<c  thus  hard  in  one  day’s  time,  it  requires  a great  many  to  thaw  the 
“ ice.”  He  adds,  “ ’tis  furprizing,  the  Europeans  fhould  remain  un- 
<c  affeded  by  this  cold,  and  flight  it  as  unable  to  produce  ice  in  their 
“ quarter  of  the  world  ; for  which  reafon  we  mult  fuppofe  fubterraneous 
“ effluvia  to  be  the  caufe  hereof.  ” The  common  thermometer  is,  indeed, 
an  ufeful  invention,  and  the  informations  it  gives  us  are,  in  many  cafes, 
preferable  to  thofe  of  our  fenfes  *,  but  we  greatly  over-value  it,  by  flip- 
poflng  it  an  exad  and  perfect  meafure  of  heat  and  cold.  Its  contrivance 
is  liable  to  feveral  exceptions  •,  whence  it  becomes  unapplicable  in  fome 
cafes,  and  improper  in  others.  Befldes,  part  of  the  liquor  being  here 
contiguous  to  the  external  air,  ’tis  apt  to  rife  and  fall,  not  only  as  heat 
or  cold  affects  the  included  air,  but  according  to  the  different  weight  of 
the  atmofphere  ; as  both  reafon  and  experience  affure  us.  Thus  an  inge- 
nious phyfician  found  at  the  bottom  of  a very  deep  mine,  that  the  water 
in  a common  thermometer,  rofe  three  inches  higher  than  at  the  mouth 
thereof ; which,  notwithftanding  the  ufual  warmth  of  fuch  deep  places, 
was  owing  to  the  additional  preffure  of  a column  of  the  air,  equal  to 
the  depth  of  the  mine  below  the  earth’s  furface.  I have,  alfo,  frequent- 
ly obferved  great  variations  to  happen  in  the  mercurial  barometer  upon 
confiderable  rains,  fogs,  or  other  remarkable  and  fudden  alterations  in 
the  air  •,  and  the  fame  being  likely  to  happen  in  the  common  ther- 
mometers, ’tis  eafy  to  miftake  the  rife  or  fall  of  the  fluid  they  contain, 
for  the  effect  of  a greater  or  lefs  degree  of  cold. 

4.  Two  thermometers  of  a large  diviflon,  and  furnifhed  with  fpiritp-  3.  and  4. 
of  wine,  one  of  them  fealed,  the  air  being  fhut  up  in  its  lower  part, 
the  other  open,  as  ufual,  at  top,  being  placed  in  a clofe  room,  the  fluid 
in  the  fealed  glafs,  regularly  defeended  in  cold  weather,  and  afeended 
in  warm  ; and  that  with  a fmall  hole  at  the  top,  rofe  and  fell  with  the 
other,  whilft  the  atmofphere  continued  of  the  fame  weight  * but  when 
that  became  greater,  the  liquor  here  Hop’d  fhort  of  the  height  where- 
to it  would,  otherwife,  have  mounted.  O11  the  contrary,  when  the  at- 
mofphere grew  lighter,  the  liquor  rofe  higher  in  the  open  glafs,  than 
the  increale  of  heat,  alone,  required  ; fo  that  by  comparing  thefe  two 
thermometers  together,  I could,  ufually,  foretel  the  height  of  the  mer- 
cury in  the  Torricellian  tube,  and  contrarywife,  from  the  barometer,  pre-  pjg  . 
did  the  different  afeent  of  the  liquor  in  them.  And  once  particularly,  b 
Vol.  I.  E e e e upon.. 
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PHYsics.upon  a confiderable  change  of  weather,  which  occafion’d  a great  fall  in 
the  barometer,  I found  the  liquor  in  the  open  glafs,  rifen  feventeen 
divifions  higher  than  that  in  the  other,  tho’  they  before  flood  nearly 
level  *,  and  comparing  the  height  of  each,  with  the  mercury  in  the  ba- 
rometer, obferved  a week  before,  the  fluid  in  the  fealed  glafs  had  in  that 
time  defended  five  divifions,  whilft  the  other  in  the  open  one,  had  af- 
cended  thirty  one. 

At  another  time,  when  the  mercury  flood  higher  than  it  had  for  a 
confiderable  while,  whilft  the  weather  was  warm  and  clear,  and  the 
fluid  in  the  fealed  glafs  rifen  to  fifty,  that  in  the  other  was  funk  to 
thirty  two.  From  hence  it  is  very  pofiible,  that  an  unregarded  change 
in  the  weight  of  the  external  air,  may  comprefs  that  included  in  an  open 
thermometer,  more  than  a confiderable  degree  of  warmth  can  dilate 
it ; and,  confequently,  common  thermometers,  which  include  air  in  their 
tops,  contrary  to  the  common  opinion,  may  rife  in  warmer,  and  fall  in 
colder  weather. 

, If  this  wants  farther  confirmation,  I might  add,  that,  very  lately,  the 
mercury  in  the  barometer,  ftanding  at  twenty  nine  inches,  and  the  li- 
quor in  the  two  above-mentioned  weather-glafies,  at  nearly  an  equal 
height ; upon  the  quick-filver’s  rifing  i inch,  the  liquor  in  the  fealed 
glafs  alcended  to  forty  five,  whilft  that  in  the  open  one,  defcended 
below  thirty  five  *,  that,  upon  the  mercury’s  rifing  I inch,  the  open 
glafs  funk  twenty  three  divifions,  whilft  the  fealed  one  preferved  its 
ftation  •,  that,  the  fame  being  rifen  to  thirty  inches,  the  fealed  ther- 
mometer flood  at  forty  one,  and  the  other  below  nine  •,  laftly,  that 
the  quick-filver  continuing  at  thirty  one  inches,  but  the  weather  be- 
come much  colder,  the  liquor  appeared  to  have  uniformly  fubfided  in 
both  g!afles,  ftanding  in  the  fealed  one  at  thirty  three,  but  funk  in  the 
open  one  quite  below  the  bottom  mark,  which  I thought  impoflible 
without  froft  •,  for  having  before  obferved  the  fealed  glafs  to  fland  at 
thirty  four,  the  other  was  n6  lower  than  forty  one  *,  whence  I conjec- 
ture, that  the  additional  weight  of  the  atmofphere  was  the  caufe  of 
this  great  difference  ;*  the  quick-filver  being  now  rifen  to  twenty  nine 
inches,  and  almoft  an  half.  To  conclude,  the  laft  obfervations  I made 
of  this  kind  fhew  a greater  variation  in  thefe  glaffes,  than  any  hither- 
to mention’d  j the  former  being  that  of  forty  five  divifions  : and  the 
latter,  being  made  upon  fomewhat  a lefs  exacft  glafs  than  the  above- 
mention’d,  including  air  in  its  lower  part  ; when  the  quick-filver  in  the 
barometer  had  afended  i inch  above  its  former  ftation,  the  preceding 
night,  the  tinged  liquor,  in  the  fhank,  that  meafured  twenty  inches,  was, 
in  no  cold  feafon,  deprefted  above  an  inch  below  the  furface  of  the  fur- 
rounding fluid  of  the  vial  wherein  ’twas  plunged  5 whilft  a bubble  of  the 
external  air  was  fen  to  pafs  thro*  the  liquor,  and  join  that  contain’d  in 
the  vial.  Such  a difference  is,  doubtlefs,  too  furprizingly  great  to  be 
alone,  attributed  to  the  heat  or  coldnefs  of  the  air. 

We 
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We  are  greatly  at  a lofs  for  a ftandard  whereby  to  meafure  cold.  The  oh^aJ^s 
common  inftruments  fhew  us  no  more  than  the  relative  coldnefs  of  the  air  ^fthe'r- 
but  leave  us  in  the  dark  as  to  the  pofitive  degree  thereof : whence  we  mo  meters  ; and 
cannot  communicate  the  idea  of  any  fuch  degree  to  another  perfon.  the  fealed kind 
For,  not  only  the  feveral  differences  of  this  quality  have  no  names 
fign’d  them,  but  our  fenfe  of  feeling,  we  fee,  cannot  herein  be  depended 2/^. 
on  *,  and  thermometers  are  fuch  very  variable  things,  that  it  feems  mo- 
rally impoffible  from  them  to  fettle  fuch  a meafure  of  coldnefs  as  we  have 
of  time,  diftance,  weight,  &V.  There  are  many  degrees  of  coldnefs  be- 
tween lukewarmnefs  and  freezing  cold,  which  we  cannot  exprefs  in  words  ; 
and  even  the  terms  here  ufed  are  very  indefinite  : for  what  to  one 
is  lukewarm,  will  be  judg’d  hot  by  a fecond,  and  perhaps  cold  by  a 
third  *,  and  we  find  that  different  fluids,  as  oil,  water,  and  wine,  or 
even  liquors  of  the  fame  denomination,  as  different  kinds  of  water, 
manifeftly  freeze  more  eafily  one  than  another.  And,  perhaps,  the 
mildeft  degrees  of  cold  fuffice  to  turn  fome  waters  into  ice  *,  fo  that 
the  differences  of  fcarce  any  quality  want  names  fo  much  as  thofe  of 
cold. 

Whoever  makes  many  obfervations  with  a thermometer,  is  fo  con- 
fin’d to  that  numerical  glafs,  that  any  one  of  thofe  numerous  accidents, 
whereto  ’tis  expofed,  would,  tho’  he  retriev’d  his  inftrument,  reduce 
him  to  find  a new  ftandard  whereby  to  meafure  the  varying  temper 
of  the  air  : not  to  mention  how  exceeding  difficult  it  is  to  include  any 
fluid  body,  inftead  of  air,  in  one  of  thefe  glafles,  fit  to  fhew  the  alte- 
rations in  the  atmofphere,  without  receiving  impreffions  therefrom  in 
its  firft  admilfion.  Tho’  I have  fometimes  confider’d  whether  the  ef- 
fential  oil  of  anifeeds  might  not,  during  a confiderable  part  of  the 
year,  be  of  ufe  in  the  making  and  judging  of  thermometers  ; for  this 
fubftance  having  the  property  to  remain  congeal’d  at  all  times,  when 
the  weather  is  moderately  cold  •,  if  by  being  thaw’d,  and  plac’d  round 
the  ball  of  the  thermometer,  furnilhed  with  re&ified  fpirit  of  wine, 
and  there  fuffered  to  congeal  again  of  it  felf,  the  height  of  the  fpirit 
of  wine  be  obferved,  when  the  oil  begins  to  curdle  •,  this  may  affift 
towards  making  another  thermometer  like  the  former  : for  if  the  like 
fpirit  of  wine  be  placed  in  an  equal  and  fimilar  glafs,  a few  careful 
trials  made  with  this  oil,  thaw'd  and  congeal’d  again,  might  bring 
the  fecond  glafs  to  a fimilitude  with  the  other.  And  if  the  quantity 
of  the  fpirit  be  known,  an  eftimate  may  be  eafily  made,  by  the  height 
it  reaches  in  the  neck  of  the  inftrument,  of  a known  capacity,  to  what 
part  of  its  original  bulk  it  contracts.  By  means  of  the  fame  oil,  a 
conjedtural  eftimate  might  alfo  be  made  of  the  difference  between  two 
thermometers  unequal  in  magnitude.  ’Tis  true,  there  are  many  ob- 
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Physics,  jedtions  to  be  made  about  the  uncertainty  of  this  method,  propofed  as  a 
ftandard  for  weather-glaffes  •,  yet  it  may  be  of  fome  fmall  fervice  in 
comparing  and  making  thefe  inftruments.  Another  attempt  to  anfwer 
this  end  is,  by  obferving  the  coldnefs  requifite  to  begin  the  congela- 
tion of  diftill’d  water  : but  the  accuracy  hereof  is  as  queftionable  as  the 
former  ; and  ’twill  often  be  found  impradticable,  even  in  the  winter  : 
’tis  alio  troublefome,  but  may  prove  fuccefsful,  when  the  cold  is  fufficient 
to  freeze  water. 

But  to  leave  this  difficulty,  which  feems  almoft  infuperable,  we  may 
obferve  avoidable  inaccuracies  in  meafuring  cold  by  thermometers.  The 
ftems  employ’d  herein  are  not  always  fufficiently  even  and  cylindrical ; 
but  generally  wideft  near  the  bubble  : and  a proper  proportion  might  be 
obferved  between  the  bore  and  the  fpherical  part,  which  wou’d  greatly 
increafe  the  certainty  and  ufefulnefs  of  the  inftrument.  Thofe  where 
part  of  the  liquor  is  expofed  to  the  external  air,  might  be  much  better 
contrived,  at  lead  for  particular  purpofes,  than  what  are  commonly  ufed  ; 
fome  whereof  I have  myfelf  employ’d,  that  were  made  by  inferting 
the  end  of  an  open  cylindrical  glafs  tube  into  a vial,  and  clofing  its 
Fig.  6.  mouth  with  cement,  to  prevent  a communication  between  the  external 
and  internal  air,  except  by  the  pipe.  By  this  means,  if  you  make 
choice  of  a large  vial  and  a (lender  cylinder,  the  rife  and  fall  of  the 
liquor  employ’d,  will  be  feveral  times  greater  than  in  the  ordinary  glaf- 
fes,  where  the  air  is  confin’d  in  a much  narrower  fpace.  Thefe  glaffes 
not  only  allow  of  larger  divifions,  and  require  no  frames,  which  are 
confiderations  I here  neglecft,  but  are  well  fitted  for  many  experiments, 
as  we  fhall  fee  hereafter  on  liquors  and  other  bodies  ♦,  they  being  eafily 
applicable  hereto : and  thus  not  only  the  coldnefs  of  fluids,  but  of  earth, 
fnow,  powder’d  ice,  &V.  may  be  meafured,  by  burying  the  vial  in  each 
refpedtively. 

Again,  ’tis  generally  concluded,  that  if  the  coldnefs  of  the  weather 
caufes  the  thermometer  to  rife,  for  example,  one  inch  to-day,  and  another 
to-morrow,  the  air  is  twice  as  cold  on  the  fecond  day,  as  it  was  on  the 
firfl  ; but  the  truth  hereof  feems  very  queftionable  : (or  tho’  cold  be 
allow’d  to  contract  the  air,  yet  it  does  not  from  hence  follow,  that  a 
double  degree  of  cold  will  caufe  a double  condenfation  in  the  air.  For 
not  only  the  different  quantities  of  the  included  air  in  feveral  inftru- 
ments, the  different  capacities  of  the  pipes,  and  degrees  of  the  air’s 
expanfion,  when  included,  render  this  hypothefis  very  fufpicious  *,  but 
the  condenfation  of  the  air,  and  afcent  of  the  liquor,  chiefly  proceed 
from  the  preffure  of  the  external  air  ; and  the  power  required  to  com- 
prefs  air  is,  in  a reciprocal  proportion  to  the  fpace  wherein  it  is  in- 
cluded ; fo  that,  for  inftance,  if  the  refiftance  of  a four  inch  cylinder 
of  air,  be,  when  comprefs’d  into  two  inches,  a ballance  for  ten  pound 
weight  ; an  additional  force  equal  to  the  former,  will  force  it  in- 
to the  fpace  of  an  inch  ; whence,  the  condenfation  of  the  air  in  ther- 
mometers 
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mometers  muft  be  eftimated  by  the  proportion  that  the  fpace  it  defertsPH  ysi  cs. 
bears  to  the  whole  it  before  poffefs’d  j regard  being  alfo  had  to  its  *— 
former  degree  of  denfity.  Nor  muft  the  refiftance  of  the  included  air  be 
look’d  upon  as  that  of  a weight,  continuing  always  the  fame,  but  that  of 
a fpring,  forcibly  bent,  which  attempts  to  reftore  its  felf  in  proportion  as 
it  is  comprefs’d. 

The  particular  nature  of  the  liquors  employ’d  in  thermometers  will  alfo 
claim  our  regard,  till  the  theory  of  cold  becomes  more  perfect  •,  for 
tho’  of  two  fluids,  the  one  is  more  difpofed  to  freeze  than  the  other, 
the  latter  will  not  therefore  be  lefs  fufceptible  of  the  lower  degrees  of 
cold  than  the  former : the  thermometer  made  with  fpirit  of  wine  much 
fooner  receives  impreflions  from  a faint  degree  of  coldnefs,  than  thofe 
that  are  made  with  water.  Moreover,  we  cannot  always  be  certain, 
that  the  more  fubtile  and  fpirituous  liquors  are  leaft  fubjeCt  to  congeal 
or  lofe  their  fluidity  *,  for  the  chymical  oil  of  anifeed,  a very  fubtile, 
ftrong  and  heating  liquor,  is  more  eafily  froze  by  cold  than  com- 
mon water,  and  will  remain  in  that  ftate  for  many  days  after  ice 

is  thaw’d  into  water  again.  There  are,  alfo,  other  diftill’d  liquors, 

whofe  particles,  tho’  vehemently  agitated,  and  exceflively  pungent  on 
the  tongue,  and  in  thefe  refpeCts,  perhaps,  not  inferior  to  Aqua  forlis , 
may  be  congeal’d  by  a far  lefs  degree  of  cold  than  wou’d  freeze  the 
common  chymical  oils,  or  faline  fpirits.  And  till  the  nature  and  caufes 
of  cold  be  better  underftood,  ’tis  not  abfurd  to  imagine,  that  tho’  fome 
bodies  feem  fitted  to  produce  this  quality  indifferently  in  all  the  fub- 
ftances  they  invade  ; yet  if  the  refrigeration  of  a body  be  only  the 

leflfening  of  the  agitation  of  its  parts,  there  may  be  peculiar  frigorific 

agents,  befides  thofe  corpufcles  that  feem  to  be  the  univerfal  effici- 

ents of  cold,  for  particular  bodies.  Thus  mercury  is  congealed  by  the 
fteams  of  lead,  tho’  thefe  appear  to  have  no  fuch  effeCt  upon  any 
other  fluid  ; and  tho’  fuch  a degree  of  cold  as  will  freeze  water  or 

wine,  will  not  deprive  quick-filver  of  its  fluidity.  And  by  the  preced- 
ing relation  of  Martinius  it  appears,  that  water  itfelf,  in  fome  coun- 

tries, may,  by  the  nature  of  the  foil,  be  fo  difpofed  as  to  receive  ftrange 
impreflions  of  cold  in  proportion  to  the  effeCt,  which  a particular  de- 
gree thereof  there  has  upon  human  bodies.  And  opium,  three  or  four 
grains  whereof  will  deftroy  the  heat  of  the  whole  mafs  of  blood  in  a 
man,  does  not,  as  far  as  I cou’d  And  by  a good  feal’d  thermometer, 
fenfibly  refrigerate  water  ; which  feems  to  argue,  that  as  different  li- 
quors have  their  peculiar  texture,  fo  certain  bodies  may,  by  the  me- 
chanical affections  of  their  particles,  be  qualified  to  hinder  the  agita- 
tion of  the  parts  of  a particular  liquor,  into  whofe  pores  they  in- 
finuate,  without  having  the  like  effeCt  in  other  liquors  of  a dif- 
ferent texture.  What  confirms  me  the  more  in  this  conjecture 

is,  that  I know  fome  liquors,  which  will  inftantly  congeal,  even 
highly  rectified  fpirit  of  wine.  And  the  fame  I have,  alfo,  effected  in 

. other 
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other  fluids.  ’Tis  true,  in  thefe  experiments  a congelation  k.  o be 
produced  without  any  great  additional  coldnefs  •,  yet  I may  * e fay, 
that  by  adding  a particular  fubftance,  that  wou’d  fcarce  fenfibly  reiri- 
gerate  common  water,  I can  communicate  a confiderable  degree  of  cold- 
nefs to  a particular  fluid,  which,  to  the  touch,  feems  nearly  of  the  fame 
temper  with  water. 

The  fealed  weather-glaffes,  which  I firft  introduced  in  England , are, 
in  feveral  refpe&s,  preferable  to  the  common  fort.  I found,  indeed, 
fome  difficulty  in  bringing  it  to  be  allow’d,  that  a liquor  hermetically 
fealed,  wou’d  rarity  and  condenfe,  tho’  fome  experiments  affured  me  there- 
of; and  I afterwards  gain’d  fight  of  a fmall  thermometer  brought  from 
Florence , which  farther  convinced  me  of  its  pofilbility  : but  to  fill  the 
longer  fort,  is  a tafk  exceeding  nice  and  difficult.  The  preffure  of  the 
atmofphere,  which  greatly  difturbs  the  common  kind,  is  prevented  in 
thefe,  which  may  therefore  be  ufed  with  equal  fuccefs  in  any  place, 
how  high  or  deep  foever.  Neither  is  the  liquor  they  contain  liable 
to  evaporate,  or  to  be  fplit  in  carrying  : they  may  alfo  be  fafely  let 
down  into  the  fea,  or  immers’d  in  any  kind  of  fluid.  The  liquor  em- 
ploy’d in  them,  is  highly  rectified  fpirit  of  wine,  tinged  of  a fine 
red  with  cochineal,  open’d  by  volatile  fpirit  of  urine  ; fo  that  we  thus 
render  it  very  confpicuous,  fecure  it  from  freezing,  and  keep  it  fufcep- 
tible  of  the  flighted  impreffions  from  without  ; and  ’tis  furprizing 
to  fee  how  many  inches  high  the  liquor  will  rife  in  the  cylindrical 
pipe  of  this  ufeful  inftrument,  by  means  of  a fmall  degree  of  heat. 
We  are  the  more  particular  upon  this  kind  of  thermometer,  becaufe  we 
fliall  hereafter  make  frequent  mention  thereof.  But  a philofopher  will 
not  rely  fo  much  upon  them,  as  to  negleCt  fearching  after  other  more 
certain  methods  of  meafuring  the  degrees  of  cold,  than  either  thefe  or 
our  fenfes  afford ; for  this  inftrument  is  not  exempt  from  the  imperfec- 
tions formerly  mention’d.  And  tinged  fpirit  of  wine,  being  a parti- 
cular mixture,  ’tis  poffible,  the  fubtile  effluvia  of  fome  bodies  may  get 
into  it  thro’  the  pores  of  the  glafs,  which  are  permeable  to  the  ef- 
fluvia of  the  load-ftone.  To  countenance  this  conjecture,  I fliall  relate 
an  odd  phenomenon,  which  I obferved  fince  I began  to  write  this  hi- 
ftory.  Examining  the  temper  of  a ftrange  mixture,  (to  be  particularly 
mention’d  hereafter)  with  one  of  our  fealed  thermometers,  by  burying 
its  ball  and  part  of  the  item  therein  ; whilft  to  the  touch  it  feem’d 
only  lukewarm,  the  liquor  was  flowly  impell’d  to  the  height  of  nine 
inches  in  a tube,  but  little  above  a foot  in  length  ; when,  the  inftru- 
ftrument  being  removed  from  thence  into  a deep  glafs  of  cold  water, 
out  of  which  we  took  it,  to  make  the  foregoing  experiments,  the  tinged 
fpirit  did  not  attempt  to  fubfide,  but  continued  within  half  an  inch 
of  the  very  top  of  the  thermometer,  tho’  it  appear’d  no  where 
difcontinued  by  any  bubble  of  air,  which  might  have  been  occafi- 
on’d  by  the  warmth  of  the  mixture,  But  what  was  ftill  more  fur- 

prizing. 
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prizing,  tho’  the  inftrument  continued  for  four  or  five  hours  in  the  cold  Ph 
water,  and  fome  others  expofed  to  the  air,,  the  tinCture  funk  not  above  ^ 
half  an  inch  j nay,  tho’  the  glafs  were  let  ftand  for  a whole  night  in 
the  window  of  a clofe  room,  the  liquor  had  not  fenfibly  defcended  in 
the  morning.  Hence  even  feal’d  thermometers,  furnifh’d  with  highly  rec- 
tified fpirit  of  wine,  may  fometimes  be  affeCted  by  peculiar  agents*  that  ap- 
pear not  to  be  the  genuine  effects  of  heat  and  cold. 

Orthelius  tells  us,  that  a liquor  diftill’d  from  the  ore  of  bifmuth,  will 
confiderably  fwell  in  the  including  glafs  at  the  time  of  the  full  moon, 
and  flirink  at  that  of  the  new  ^ but  having  never  been  able  to  procure 
this  ore,  I can  neither  confute  nor  confirm  fo  ftrange  a phenome- 
non. Cafatus , indeed,  makes  mention  hereof,  but  not  from  his  own 
obfervation.  This  however  brings  to  mind,  that  I have  made  a tincture 
of  amber,  with  highly  rectified  fpirit  of  wine,  which  did,  for  many 
months,  tho’  kept  in  a well-ftop’d  glafs,  manifeft  certain  changes,  fufpec- 
ted  to  proceed  from  fome  fecret  alterations  in  the  air,  which  here  opera- 
ted more  remarkably  than  ever  I had  obferved  upon  any  liquors  wherein 
fpirit  of  wine  abounded.  And,  perhaps,  by  careful  obfervations,  long 
continued,  upon  thermometers  fill’d  with  various  liquors,  and  kept  in 
the  fame  place,  a difference  wou’d  appear  between  them,  that  cou’d 
be  attributed  to  nothing  fo  properly  as  the  peculiar  nature  of  the  feve- 
ral  fluids,  which  might  be  varioufly  tinged  by  copper  ; as  fuppofing 
Aqua  fortis,  Aqua  regia,  fpirit  of  urine,  fpirit  of  fal-armoniac,  or  oil  of 
turpentine  employ’d  herein.  But  that  fealed  thermometers,  fill’d  with 
fpirit  of  wine,  may  be  affeCted  in  a different  manner  from  what  is 
ufually  imagin’d,  appears  from  the  bubbles,  which,  after  fome  time 
from  their  making,  have  emerged  therein,  and  poffefs’d  the  fpace  of 
feveral  inches  in  the  fhank  of  the  longer  fort.  And  if  thefe  bubbles 
be  fmall,  and  lurk  between  the  fpherical  and  cylindrical  part  of  the 
glafs,  they  eafily  pafs  unheeded,  and  prevent  the  fpirit  from  moving 
according  to  the  changes  of  the  weather  •,  for  fuch  a bubble  is  more  in- 
difpofed  than  the  liquor,  to  rife  and  fall  in  the  (lender  tube.  Hence 
it  might  be  worth  while  to  make  collateral  experiments  and  obfer- 
vations, to  rectify  or  confirm  the  thermometer,  in  the  notices  it  gives 
us  of  cold  *,  and  perhaps  a careful  enquiry  might  procure  us  feveral 
other  bodies,  either  natural  or  factitious,  for  this  purpofe.  Thus,  tho’ 
water,  for  inftance,  be  thought  the  rnoft  apt  fluid  to  freeze,  yet  we 
have  diftill’d  a fubftance  from  benjamin,  that  will  both  congeal  and 
thaw  much  more  eafily  than  that.  Thus,  alfo,  I have  obferv’d  a folu- 
tion  of  amber-greafe,  made  with  fpirit  of  wine,  in  fulphureous  or 
refinous  tinCtures,  and  other  chymical  liquors  prepared  from  urine, 
hartfhorn,  £sfr.  wou’d  fometimes  fhew  perfectly  clear,  and  at  others, 
fuffer  a greater  or  lefs  proportion  of  the  imbibed  fubftance  to  fall  to  the 
bottom,  or  cryftallize,  according  to  the  alterations  in  the  weather,  as 
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to  heat  and  cold.  But,  to  return  to  water,  ’tis  obferved  that  the  ri- 
vers in  fome  parts  of  France  will  fuftain  boats  heavier  loaded  in  the 
winter  than  in  the  fummer  ; and  Tailors  have  inform’d  me,  that  their 
fhips  draw  lefs  water  upon  the  coafts  of  frozen  countries,  than  in  the 
Britijh  feas  ; which  fhews  water  to  be  heavier  in  winter  than  in  fum- 
mer. The  like  difference  is,  alfo,  oblervable  in  water  at  different 
times  of  the  day,  according  as  the  air  is  then  colder  or  warmer  ; for 
having  nicely  pois’d  a glafs  bubble,  hermetically  fealed,  to  float  any 
where  in  water  in  the  morning  •,  it  would  about  noon,  when  that  fluid 
was  rarified  by  the  heat,  fink  to  the  bottom,  and  at  night  gradually 
rife  again,  fo  that  by  the  next  morning  ’twas  ufually  emerged  to  the 
top  ; and  at  other  intermediate  times  of  the  day,  it  would,  frequently, 
continue  fwimming  up  and  down,  between  the  bottom  and  the  top, 
without  reaching  to  either  of  them.  Upon  the  whole,  as  by  reafon  of 
the  various  and  unheeded  predifpofitions  of  our  bodies,  the  immediate,  in- 
formations of  our  fenfes,  are  not  always  to  be  trufted  as  to  the  degrees  of 
cold  *,  fo  the  common  thermometers  are  ufeful  inlfruments,  and,  in  moft 
cafes,  preferable  to  our  touch,  being  lefs  fubjebt  to  unregarded  changes 
than  that  fenfe  ; yet  as  thefe  inftruments  are  affebted  by  the  diffe- 
rent weight  of  the  atmofphere,  as  well  as  by  heat  and  cold,  they  may 
eafily,  in  feveral  cafes,  give  us  a wrong  intelligence,  unlefs  the  preffure 
of  the  atmofphere  be,  at  the  fame  time,  obferved  by  other  means.  The 
fealed  glaffes  are  far  fuperior  to  thefe,  and,  in  particular,  are  not  fub- 
je£t  to  the  external  preffure  of  the  air  *,  fo  that  they  here  deferve  to 
be  depended  on  more  than  any  other  inftrument  hitherto  difeovered ; 
yet  in  cafes  of  nicety,  other  methods  of  examining  the  coldnefs  of 
bodies  fhould  be  ufed.  And  in  the  laft  place,  we  ought  not  to  be  dif- 
couraged  from  making  various  experiments,  with  relation  to  the  mea- 
fure  of  cold  i tho*  they  feem  contrary  to  the  vulgar  notions  thereof : 
for  our  theory  of  that  quality  is  very  defective,  and  ill  grounded.  I 
fhould  never  have  attempted  to  make  fealed  thermometers,  if  the  po- 
pular notions  of  a Fuga  vacui  caufing  water  to  be  fufpended  in  glafs 
tubes,  and  of  air  being  much  eafier  condens’d  by  cold  than  any  other 
liquor,  had  prevail’d  with  me. 


III. 


9Tis  certain  that  the  moft  obvious  phenomena  of  common  weather- 
glaffes  have  not  been  hitherto  fufftciently  examin’d.  There  are  three  re- 
markable opinions  as  to  the  reafon  why  the  liquor  of  this  inftrument, 
afeends  with  cold,  and  defeends  with  heat  ; the  firft  whereof  is  that 
the  fchools,  which  fuppofes  the  cold  of  the  external  air  to  con- 
%*hlrmmter  * tra<^  t^iat  included  in  the  glafs,  and  reduce.it  into  a lefs  compafs  than 
before  *,  whence  the  water  necefiarily  afeends  to  fill  the  vacuum.  But 
this,  we  fee,  is  not  the  cafe  in  the  Torricellian  tube  j for  the  mercury  here 
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remains  at  about  the  height  of  thirty  inches,  without  attempting  to  rife  Ph 
and  fill  the  void  fpace  at  the  top.  And  in  fealed  thermometers,  the  air 
feems  rather  to  expand,  than  fhrink  in  cold  weather.  The  fecond  o- 
pinion  is  that  of  Mr.  Hobbs , when  he  fays,  “ fluid  bodies  are  made 
<c  colder  by  the  preffure  of  the  air,  that  is  a conftant  wind  that  pref- 

“ feth  them but  we  fliall  fee  hereafter  that  water  will  be  froze, 

tho’  fealed  up  in  glafs  vefifels,  fufpended  in  others,  and  wholly  im- 
merfed  in  unfreezing  liquors  *,  fo  that  the  water  could  by  no  means 
be  raked  with  the  wind,  as  Mr.  Hobbs  fancies.  Befides,  there’s  no  ne- 
cefiity  for  a wind  to  prefs  the  water  up  into  the  fhank  ; fince  it  will  rife 
in  a ftill  place  without  the  afiiftance  thereof.  But  befides  the  deficiencies 
of  this  hypothefis,  we  find,  by  experience,  that  water,  poured  into  a 
bolt-head  till  its  ball,  and  large  part  of  the  ftem  be  filled,  will  flirink  by 
a degree  of  cold  that  falls  fhort  of  freezing,  inftead  of  riling  higher  ♦, 

and  if  a mixture  of  ice,  or  fnow  and  fait,  be  applied  to  the  bottom 

of  a common  thermometer,  the  water  will  be  thereby  made  to  afcend 
feveral  inches  in  the  ftem.  Laftly,  Mr.  Hobbs  fuppofes  the  water 
in  thermometers  to  defcend  merely  by  its  own  gravity  ; but  this 
alone  cannot,  in  fome  cafes,  ferve  the  purpofe,  without  the  afiiftance  of 
the  fpring  in  the  included  air : for  if  a thermometer  with  a large  balk 
be  placed  in  a window  expofed  to  the  fun,  the  furface  of  the  wa- 
ter in  the  tube,  will  often  appear  confiderably  below  that  on  the  out- 
fide  thereof*,  and  confequently  this  deprefiiire  proceeds  not  from  the 
bare  gravity  of  the  fluid,  but  from  the  preffure  of  the  incumbent 
air.  And  for  a farther  proof  hereof,  if  you  keep  fuch  a glafs  long  e- 
nough  in  the  fun’s  heat,  the  water  will  be  driven  out  of  the  fhank,  > 
and  forced  thro’  that  which  is  external  to  it,  in  bubbles  ; when,  if 
the  remaining  air  be  again  cooled,  by  fetting  the  glafs  in  a place  lefs 
heated,  the  lofs  of  the  air  that  efcaped  in  bubbles,  will  permit  the  wa- 
ter to  afcend  higher  in  the  lhank,  than  the  fame  degree  of  cold  would 
have  before  impell’d  it.  Thus  much  may  fuffice  to  lhew  the  errone- 
oufnefs  of  Mr.  Hobbs9s  notion. 

The  third  opinion  is  that  of  fome  ingenious  moderns,  who  account 
for  the  afcent  of  the  water  in  weather-glaffes,  by  the  weight  of  the 
air ; for  the  coldnefs  thereof,  fay  they,  caufes  the  included  air  to  fhrink 
into  a lefs  compafs ; whence  the  water  in  a fubjacent  veffel,  is,  by  the 
weight  of  the  incumbent  air,  (which  preffes  more  forcibly  upon  all  the 
other  parts  of  its  furface,  than  upon  that  included  in  the  fhank)  impell’d 
into  the  part  deferted  by  the  contraction  of  the  air.  But  this  folution, 
tho’  ingenious,  and  true,  and  preferable  to  both  the  former,  ftill  ap- 
pears infufficient ; tho’  if  we  add  hereto,  the  preffure  and  fpring  of  the 
external  air,  not  only  againft  the  furface  of  the  water,  but  alfo  that 
of  the  included  air,  it  will  fully  account  for  the  phenomenon:  for 
the  preffure  of  the  continuous  air  appears  remarkably  concern’d  in 
contracting  that  fhut  up  in  the  glafs  *,  the  ambient  air  retaining  its 
Vol.  I.  F f f f whole 
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Physics,  whole  prefifu re  upon  account  of  its  weight,  whilft  the  internal,  by  being 
cooled,  lofes  part  of  its  preffure,  by  reafon  of  its  weaken’d  fpring.  In 
fome  cafes  it  may,  alfo,  happen  that  the  air,  which  fupports  the  water  to 
be  raifed,  will  be  lefs  cold  than  the  included,  that  is  to  be  condenfed  \ 
whence  the  former  will  have  a ftronger  fpring,  and  confequently  a 
greater  preffure  than  the  latter.  The  following  experiments  countenance 
this  folution.  i.  Having  almoft  filled  half  a fix  ounce  vial  with  water,  we 
inverted  thereinto  a fiender  glafs  pipe,  ten  inches  long,  fealed  at  one  end, 
and  filled  full  of  water  by  the  other,  which  was  immerfed,  fo  that  no  air 
remained  at  the  top  of  the  tube  ^ when,  the  neck  of  the  vial  being  well 
cemented,  we  plunged  the  bottom  of  the  inftrument  in  fnow  and  fait, 
’till  the  included  water  began  to  freeze  both  at  the  top  and  bottom  : 
but  the  water  in  the  pipe  did  not  defcend  •,  fo  that  either  the  air  never 
fhrunk,  by  fo  great  a degree  of  cold,  or  the  water  did  not  remove  out  of 
the  pipe  to  pofifefs  the  place  deferted  by  the  cooled  air.  We  afterwards 
attempted  to  repeat  this  experiment  in  the  fame  inftrument,  but  the 
fealed  part  of  the  tube  being  broke  in  our  abfence,  (by  the  fwelling,  as 
we  fuppofed,  of  the  water,  upon  freezing,)  prevented  us. 

2.  We,  therefore,  faften’d  into  the  fame  vial,  a pipe  fome  inches 
longer  than  the  former,  but  drawn  very  fiender  at  the  fealed  end ; when, 
having  fet  the  vial  to  freeze,  as  before,  without  finding  the  water  def- 
cend in  the  tube,  we  broke  off  the  fealed  end,  upon  which  the  water  was 
fwiftly  deprefs’d  to  the  depth  of  ten  inches ; but  fo  that  it.  yet  conti- 
nued confiderably  higher  than  the  furface  of  the  water  in  the  vial. 
After  this,  by  rarifying  the  air  in  the  vial,  and  blowing  into  it  thro’ 
the  pipe,  the  water  rofe,  almoft,  to  the  top  of  the  tube  the  fiender 
end  whereof  being  fealed,  the  vial  was  again  placed  in  fnow  and  fait : 
but  the  fpring  of  the  rarified  air  at  the  top,  was  fo  weakned  by  the  re- 
frigeration, that  it  could  not  fenfibly  deprefs  the  water  ; wherefore  break- 
ing off  the  fealed  apex,  as  before,  the  external  air  immediately  funk  it 
feveral  inches. 

3.  For  a farther  experiment  we  left,  in  the  fame  pipe,  about  31  inches 
height  of  air  very  (lightly  rarified-,  when,  again,  placing  the  vial  in  fait 
and  fnow,  we  obfecved  that  the  air  in  the  pipe  expanded  it  felf  very  little, 
upon  the  refrigeration  of  that  in  the  vial,  tho’  the  water  in  the  vial  were 
confiderably  froze but  upon  breaking  the  fealed  end,  the  external  air 
prefently  deprefs’d  the  water  above  two  inches  below  its  lalt  level : and 
removing  the  glafs  into  a warmer  room,  the  water  afcended  above  an  inch 
higher  than  the  fame  .uppermoft  level ; whence  we,  with  fome  probability, 
concluded  our  thermometer  ftanch. 

7-  . 4.  Having  poured  a proper  quantity  of  water  into  a glafs,  refembling 

the  boghead  of  a common  thermometer,  except  that  its  fmall  end  Was 
drawn  very  fiender,  which  we  hermetically  fealed  f and  inverting  the 
glafs,  the  water  fell  to  this  end,  and  poffefs’d  its  due  fpace  in  the  pipe. 
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To  the  round  end  of  the  glafs,  we  then ' applied  a mixture  of  fnov,  ^HYSIC3 
and  fait,  whereby,  tho’  the  internal  air  was,  doubtlefs,  greatly  refri-  ^ Y J 
gerated,  yet  the  water  did  not  manifeflfly  rife  •,  and  if  it  had,  that 
might  very  well  proceed  from  an  expanfion  of  aerial  particles  which 
ufuaily  remain  in  common  water,  occafion’d  by  the  diminifhed  preflu  re' 
of  the  air  above  the  furface  of  the  water,  whilft  the  fpring  of  that  air 
was  weaken’d  by  the  cold.  But,  to  compleat  the  experiment,  break- 
ing off  the  (lender  end  of  the  glafs,  under  water,  (whereby  the  included 
air  became  contiguous  to  water,  which  immediately  communicated  with 
that,  whofe  furface  was  every  where  prefs’d  by  a column  of  the  exter- 
nal air  incumbent  thereon,)  the  water  was  fuddenly  impelled  into  the 
pipe,  to  the  height  of  feveral  inches;. 

5.  We  procured  feveral  glafs  bubbles  of  various  (izes,  each  of  them 
furnifhed  with  a long  (lender  ftem,  whereinto  we  conveyed  a drop  or  two 
of  water,  which  was  there  kept  fufpended,  fo  as  to  manifeft  the  fmalleft 
changes  in  the  rarifadtion  or  condensation  of  the  air,  whereto  it  was  con- 
tiguous. Now  when  the  pendulous  water  here,  approached  near  the  top 
of  the  ftem,  we  could,  in  an  inftant,  with  the  flame  of  a candle,  feal 
up  the  oriflee  thereof*,  and  when,  having  done  thus,  we  placed  the 
glafs  in  fait  and  fnow,  yet  the  pendulous  water  nearly  preferved  its  fta- 
tion.  But  if,  with  a pair  of  feiflars,  the  fealed  end  were  dextroufly  fnippkl 
off,  the  water  would  be  fwiftly  forced  down,  fometimes  many  inches 
below  its  former  ftation,  and  fometimes  quite  into  the  round  end  of 
the  glafs.  We  farther  obferved,  that,  not  only  when  thefe  thermome- 
ters were  fealed,  the  ufual  degrees  either  of  cold  or  heat  in  the  air  would 
not,  confiderably,  affedt  the  pendulous  cylinder,  tho’,  if  left  open,  they 
fhew’d,  as  we  faid  before,  the  minuteft  differences  hereof*,  but  we  feveral 
times,  fuddenly,  fealed  one  up,  whilft  the  pendulous  water  was  defend- 
ing therein,  whereupon  its  motion  would  immediately  ftop  in  that  part 
of  the  (hank  where  it  chanced,  at  that  time,  to  be  *,  and  the  fluid  wou’d 
there  continue  till  the  fealed  end  were  broken  off. 

6.  We  took  a large  glafs  egg,  with  a long  ftem,  bent  in  the  form  Fig- 
of  a fiphon,  whofe  fhorter  leg  was  drawn  fmall,  and  poured  a con- 
venient quantity  of  water  into  it,  which  afeended  to  a conflderable 
height  in  both  legs  ; after  which,  the  fhort  one  was  expeditioufly  fealed, 
while  a tolerable  quantity  of  air  remain’d  above  the  water  it  contain’d, 

to  impel,  by  its  fpring,  the  water  into  the  longer,  upon  the  refrigeraT 
tion  of  the  air  included  in  the  latter.  This  done,  we  placed  the 
whole  glafs  in  a convenient  frame,  fo  that  the  oval  part  was  fupported 
thereby  *,  whilft  underneath  hung  the  bended  ihank  of  the  glafs  in 
fuch  a manner,  that  a mixture  of  fnow  and  fait  might  be  laid  upon 
the  frame,  to  lurround  and  cool  the  air,  included  in  the  egg,  without 
much  affedting  that  in  the  cylindrical  part  of  the  glafs.;  and  upon  the 
application  hereof,  for  a proper  time,  the  water  in  the  longer  leg  af- 
eended, and  the  air  in  the  fhorter,  rarified  a little  : but  as  foon  as 
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the  (lender  wire,  wherein  the  fhorter  leg  ended,  was  broke  off,  the  ex- 
ternal air,  rufhing  in,  caufed  the  water  to  rife  above  2f  inches  in  the 
longer  leg,  and  then,  there  not  being  water  enough,  broke  through  it  in 
many  bubbles.  In  which  cafe,  the  afcent  of  the  water  in  the  longer  leg, 
cannot  be  attributed  to  the  weight  of  the  air  in  the  lhorter,  becaufe  it  is 
vaflly  too  fmall  for  that  purpofe ; but  to  the  fpring  of  the  fame.  And 
’tis  not  furprizing,  the  expanfion  of  that  air  fhould  be  fo  fmall,  fince,  as 
we  fhall  fee  hereafter,  the  refrigeration  of  the  air,  in  fuch  experiments, 
is  very  inconfiderable  ; whence  the  air  in  the  longer  leg  cou’d  yield  but 
very  little  to  that  in  the  fhorter. 

From  what  has  been  hitherto  offer’d,  it  appears,  that  the  bufmefs 
of  thermometers  is,  at  prefent,  but  very  imperfedlly  underflood  ; and 
that  farther  experiments  and  obfervations  are  required  to  fettle  this  affair. 


IV. 

All  fublunary  bodies,  fire  alone  excepted,  are  perhaps,  at  fome  time 
or  other,  fufceptible  of  adtual  cold ; at  leaft  if  our  fenfes  were  to  judge  : 
and  even  as  to  fire  itfelf,  the  point  mufl  remain  undetermin’d,  till  we 
know  whether  that  be  a particular  (late  of  matter,  as  wind,  for  inflance, 
is,  or  elfe  a fpecies  of  natural  bodies  j for  fome  fubflances,  as  gun -powder, 
are  inflantaneoufly  turned  into  fire  •,  and  others,  as  fpirit  of  wine,  are 
wholly  inflammable,  tho’  before  ignition  they  were  fenfibly  cold,  nay 
gun-powder,  if  its  fcatter’d  parts  be  colledted  in  a clofe  veffel,  will,  im- 
mediately after  explofion,  give  the  fenfation  of  coldnefs.  But  our  deflgn 
is  here  not  to  engage  in  nice  queftions,  but  to  deliver  the  phenomena  of 
congelation. 

1.  There  are  but  few  bodies  capable  of  freezing  others,  in  our  cli- 
mate ; and  among  the  mofl  remarkable,  is  a mixture  of  fnow,  and 
fait,  which,  tho’  little  ufed  in  England , is  frequently  employ’d  in  Italy , 
and  other  countries,  to  cool  their  liquors  and  fruits,  by  immerfing  them 
therein. 

2.  We  cou’d  not  find,  upon  feveral  trials,  that  fuch  glaffes  of  water 
as  were  eafily  froze  by  this  mixture,  wou’d  be  fo  by  fnow  alone. 
’Tis  pofiible,  indeed,  in  very  cold  countries,  that  both  fnow  and  bea- 
ten ice  may  freeze  water  poured  in  the  interflices  of  their  parts  •,  but 
there’s  a wide  difference  between  this  cafe,  and  only  furrounding  a vef- 
fel of  water  with  the  mixture  : and  perhaps  the  ice  and  fnow  of 
frigid  climates  may  have  a greater  degree  of  coldnefs,  than  they  have 
in  England . And  tho*  a veffel  of  water,  buried  all  night  in  fnow, 
fhou’d  freeze,  the  effedl  mufl  not  be  wholly  attributed  to  the  fnow,  if 
the  coldnefs  of  the  air  wou’d,  alone,  have  produced  it,  and  did  at  all 
contribute  thereto. 

3.  ’Tis  not  only  fea-falt  that  added  to  fnow,  will  increafe  its  freezing 
faculty  5 for  feveral  other  things  have  the  like  virtue  : nitre,  alum,  vitriol, 

fal- 
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fal-armoniac,  and  even  fugar,  may  here  be  fubftituted  for  common  fait,  Ph 
tho’  not,  perhaps,  to  equal  advantage.  v^« 

4.  Spirit  of  fait,  tho’  it  fuddenly  diffolves  fnow,  yet,  upon  account  of 
its  fluidity,  cou’d  not,  in  the  ufual  manner,  be  detain’d  long  enough  there- 
on to  freeze  even  a very  fmall  quantity  of  water. 

5.  We,  therefore,  put  fome  fnow  into  a thick,  green,  glafs  vial,  and 
mix’d  with  it  a proper  quantity  of  weak  fpirit  of  fait ; theft,  flopping  the 
veffel,  we  fhook  them  well  together ; yet  the  glafs  appear'd  only  bedew’d 
on  the  outfides,  without  exhibiting  any  thing  frozen.  But  fufpe&ing  the 
thicknefs  of  the  glafs  might  hinder  the  effedl,  we  put  the  like  mixture  in- 
to two  thin  vials,  one  whereof  was  firmly  clofed,  and  the  other  (lightly  ; 
when,  having  long  fhook  them,  we  found  what  adhered  to  their  outfides 
thinly  frozen. 

6.  Let  it  be  here  obferved,  that  in  this  kind  of  experiments,  the  fnow 
or  ice,  included  with  the  faline  ingredients,  was  always  thaw’d  within  the 
glafs  ; and  that,  confequently,  it  mull  be  the  condenfed  vapour  of  the  air, 
or  other  liquor  which  adhered  to  the  outfide  thereof,  that  turn’d  to  ice : and 
for  this  reafon  we  frequently  ufe  the  word  freeze,  for  the  operation  of  the 
frigorific  mixture,  here  applied,  upon  other  bodies. 

7.  Upon  mixing  fnow  with  oil  of  vitriol,  in  fuch  a vial  as  the  lafl  men- 
tion’d, we  found  its  freezing  power  much  greater  than  that  of  fpirit  of 
fait.  And  to  fhew  that,  in  thefe  experiments,  the  cold  was  tranfmitted 
thro’  the  fides  of  the  glafs,  and  that  the  air  included,  being  greatly  cooled 
by  the  mixture,  did  not  by  communication  enable  the  air  contiguous  to 
the  outfide  of  the  vial,  to  freeze  the  dew  thereon  ; we  feveral  times  fealed 
up  the  containing  veffel,  and  afterwards  froze,  by  means  of  this  mixture, 
the  external  moifture. 

8.  Spirit  of  nitre,  we  obferved,  froze  more  flrongly  than  either  oil  of 
vitriol  or  fpirit  of  fait,  and  continued  this  virtue  till  the  included  fnow, 
that  lay  oppofite  thereto,  was  almoft  wholly  diifolved  : and  this  we  expe- 
rienc’d, not  only  in  a thin,  fealed  glafs,  but  alfo  in  a tolerably  thick  one, 
flopp’d  with  a cork. 

9.  We  afterwards  fuccefsfully  made  the  experiment  with  fpirits  lefs 
acid,  as  that  of  vinegar,  and  the  red  empyreumatical  one  of  fugar; 
but  the  films  of  ice,  with  the  latter,  were  very  thin,  and  apt  to  va- 
nifh. 

10.  Urinous  volatile  fpirits  were  next  made  ufe  of.  Spirit  of  urine  and^ 
fnow  being  agitated  in  an  open  vial,  difcernably  froze  the  external  moifture  •, 
but  with  fpirit  of  fal-armoniac,  cum  calce , the  effedl  was  quick  and 
ftrong. 

1 1 . Acid  and  volatile  fpirits  having  been  tried  apart,  we  alfo  try’d  them 
in  conjunction.  Pouring  fome  fpirit  of  urine  and  oil  of  vitriol  upon  fnow, 
and  fhaking  them  together  in  an  open  vial,  the  mixture  did  freeze,  tho* 
very  faintly. 

12.  Some 
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Physics.  12.  $ome  trials  alfo,  were  made  with  the  groOer  laics,,  as  . Sal  Gem  \ a 
fublimation  of  fal-armoniac  and  common  fublimate,  fugar,  &-c.  with  all 
which,  the  experiment  fucceeded.  Avery  ftrqng  folution  of  pot-afhes, 
alfo,  mixt  with  fnow  in  an  open  fmgle  vial,  froze,  tho’  faintly  ; and  a fo- 
lut ion  of  pure  fait  of  tartar,  managed  in  a like  manner,  produced  thin 
films  of  ice. 

13.  Having  fill’d  a fingle  vial  with  fnow,  we  poured  thereto  a pro- 
per proportion  of  a very  fweet  folution  of  Minium , made  with  fpirit 
of  vinegar ; when,  fhaking  them  together,  we  found  films  of  ice  on  the 
outfide  of  the  glafs.*,  tho’  a parcel  of  the  fame  folution,  kept  for  fe- 
veral  hours  in  fnow  and  fait,  was  not  thereby  frozen.  In  fearch  of 
the  caufp  whereof,  we  fealed  up  a Angle  vial  of  pure  fnow,  which 
thaw’d  much  more  fiowly  than  any  of  thole  parcels  wherewith  falts 
or  fpirits  had  been  mix’d.  And  fo  far  as  my  obfervation  reaches, 
no  fait,  that  promotes  not  the  diflolution  of  fnow,  will  enable  it  to 
produce  ice,  tho’  it  caufes  dew  on  the  outfide  of  the  containing  vial ; 
thus,  neither  cryftals  of  tartar,  nor  borax  pulverized,  nay,  nor  fubli- 
mate, wou’d  difpofe  fnow  to  freeze,  but  lay,  for  a confiderable  time,  un- 
difiblv’d  therein. 

14.  Lime-water,  twice  tried,  wou’d  not  make  fnow  freeze ; but  this 
liquor  was  above  a year  old,  whence  probably  its  fpirit  might  have  evapo- 
rated. But  all  the  vials  that  froze  not,  collected  ftore  of  dew,  which  I 
attribute  to  the  foie  melting  of  the  fnow. 

15.  Nor  wou’d  diftill’d  oil  of  turpentine  caufe  fnow  to  freeze. 

16.  Sealing  up  a convenient  quantity  of  pure  fpirit  of  wine  in  a vial, 
almoft  fill’d  with  fnow,  we  obferved  the  freezing  virtue  of  the  mixture 
to  be  greater  than  any  hitherto  mention’d  •,  its  effedl  was  alfo  lafting, 
and  that  too  in  another  vial  that  was  left  open  *,  but  the  fealed  up 
parcel,  crufted.  over  the  outfide  of  the  glafs  with  ice,  which  we  took 
off  in  flakes  of  a confiderable  breadth  and  thicknefs  •,  nay,  it  imme- 
diately. froze  urine  into  figured  ice,  that  might  be  fcraped  from  the 
glafs. 

iy.  Happening  to  mix  fnow  with  a lucky  proportion  of  fpirit  of 
nitre,  it  froze  with  that  fuddennefs  and  vigour,  as,  in  an  inftant,  to  fix 
the  vial  to  the  floor  ’twas  fet  on  i when,  bedewing  the  outfide  of  the 
glafs  with  fpirit  of  vinegar,  it  froze  into  tolerably  thick  ice,  retain- 
ing the  fait  tall  of  the  fpirit.  This  mixture,  indeed,  wou’d  not  dif- 
cernably  freeze  fpirit  of  nitre  on  the  outfide,  tho*  it  did  a weak  fpi- 
rit of  fait,  and  prefently  turn’d  other  faline  liquors  into  figured  ice, 
reprefenting  fmall  circles  crofling  each  other,  and  fuddenly  vanifliing. 
Spirit  of  fal-armoniac,  made  with  lime,  was  alfo  congealed  hereby, 
whereupon  it  (hot  into  branches,  almoft  like  thofe  of  fal-armoniac,  or 
the  like  undiftill’d  ihlts  diflfolv’d.  And  it  was.  pleafant  to  fee,  how,  upon 
inclining  the  glafs  to  let  the  freezing  mixture  reft  near  any  part  of  the 
fpirit,  the  liquor  wou’d  fuddenly  fhoot  into  ramifications,  fo  that  the 
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eye  cou’d  plainly  difcern  them  to  grow,  as  it  were,  and  foon  overfpreadpn  ysi.cs.' 
the  furfaceof  the  glafs,  and  then  prefently  vanifh.  Several  undiftill’d  fer- 
mented  liquors  being,  alfo,  applied  to  fnow,  inftead  of  fpirit  of  wine  ; the 
experiments  fucceeded  not  with  fmall  beer,  but  wine  and  moderately 
ftrong  ale  produced  a flight  ice. 

1 8.  Obferving  that  whatever  hafiien’d  the  diflolution  of  the  fnow,  gene- 
rally promoted  its  freezing,  ’twas  thought  proper  to  try  what  wou’d  be  the 
event  of  fuddenly  diflblving  fnow  by  bodies  a&ually  warm.  Into  a Angle 
vial  almofl  fill’d  with  fnow,  we  poured  a tolerable  quantity  of  heated  fand, 
to  diflolve  the  fnow  in  many  places  at  once,  without  heating  the  exter- 
nal air,  or  the  outfide  of  the  glafs ; and  tho’  the  folution  of  the  fnow 
was  hereby  promoted  upon  fhaking  the  vefiel,  yet  the  outfide  of  the  glafs 
was  only  bedew’d,  not  frozen. 

Into  another  vial  almofl:  fill’d  with  fnow,  we  poured  warm  water, 
that  it  might  fall  upon  the  middle  part  thereof;  then  taking  a con- 
venient time  to  fliake  the  glafs,  we,  by  this  means,  produced  a very 
confiderable  degree  of  cold,  and  much  dew  on  the  outfide,  but  cou’d 
not 'be  certain  it  was  frozen ; tho’ the  experiment  deferved  to  be  re- 
peated. 

19.  ’Tis  a popular  opinion,  that  the  hoar-froft,  vifible  upon  glafs  win- 
dows in  a frofty  morning,  is  an  exudation  of  the  glafs,  condens’d  and 
froze  into  various  figures,  by  the  cold  external  air.  But  the  ice  lies 
not  on  the  outfide,  but  infide  of  the  windows,  where  ’tis  generated  of 
the  watery  particles  floating  in  the  air  of  the  room,  and  by  their  pro- 
per motion  pafling  along  the  furface  of  the  glafs,  where  they  are,  by 
the  vehement  cold  of  the  adjacent,  external  air,  communicated  thro’  the 
glafs,  condenfed  into  dew,  and  frozen  into  ice. 

20.  Many  modern  naturalifts  hold,  that  glafs  is  eafily  pervious  to  air, 
and  feveral  fubtile  liquors,  who  may,  therefore,  afifert  that  the  ice  in  our 
experiments  proceeds  from  the  fine  parts  of  the  cold  mixture  pafling  thro’ 
the  pores  of  the  glafs,  and  fettling  on  the  outfide  thereof.  But  the  follow- 
ing experiments  will  fhew  the  falfity  of  this  dodlrine. 

21.  A mixture  of  ice  and  fait,  weighing  four  ounces  and  a quarter, 
being  included  in  a vial,  and  condenfing  the  vapours  of  the  external  air, 
thereby  inCreafed  its  weight  twelve  grains.  Another  vial  of  fnow,  that 
weighed  two  ounces,  fix  drams,  and  a half,  by  condenfing  the  vapour  of 
the  external  air,  augmented  the  weight  of  the  vial  and  its  contents  four 
grains  ; and  in  the  fcale,  we  found  the  water  flowing  from  the  dew,  which 
gave  this  increafe  of  weight.  The  tip  of  this  fealed  vial  being  broken 
under  water,  a confiderable  quantity  of  that  fluid  was  drawn  in  ; whether 
upon  account  of  fome  fmall  rarifa&ion  of  the  included  air,  caufed  in  the 
fealing,  or  of  its  coldnefs  receiv’d  from  the  fnow,  or  both  together,  I 
fhall  not  now  inquire. 
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Physics.  it.  Other  experiments  were  made,  wherein  this  increafe  of  weigh* 
was  more  confiderable.  We  fealed  up  as  much  fnow  and  fait,  in  a Tin- 
gle vial,  as,  being  afterwards  melted,  weighed  between  five  and  fix 
ounces;  and  the  folution  beginning  to  be  made,  the  dew  on  the  outfide 
began  to  congeal,  and  when  rubbed  off,  the  hoar-froft  would  prefently 
appear  again.  We  next  ballanced  this  glafs  in  a pair  of  fcales,  when,  as 
the  external  vapour  of  the  warm  room  condens’d  to  its  fides  and  froze, 
the  fcale  containing  the  glafs  funk  gradually  lower ; but  by  adding  weights 
in  the  other,  we  again  reduced  them  to  an  equilibrium ; tho*  the  former 
wou’d  foon  after  defcend  ; till  the  included  fnow  was  thaw’d  ; fo  that 
the  whole  weight  required  to  bring  the  balance  even,  was  about  eight 
QT  ten  grains.  The  vial  being  then  taken  out,  there  appeared  near  half 
a fmall  fpoonful  of  liquor  in  the  fcale  wherein  it  ftood,  occafioned  by  the 
thaw  of  the  ice  generated  on  its  fides ; but  no  moifture  appear’d  in  that 
part  of  the  fcale  that  was  covered  by  the  convex  part  of  the  bottom  of  the 
glafs. 

23.  A like  quantity  of  fnow  being  fealed  up  with  fpirit  of  wine,  in  a 
fingle  vial,  the  outfide  was  prefently  cafed  with  ice  to  the  fame  height 
that  the  mixture  ftood  within  : this  vial  alfo  was  counterpoiz’d,  and  funk 
as  the  former,  and  about  feven  grains  were  required  to  reduce  the  balance 
to  an  equilibrium. 

24.  When  the  experiment  happened  to  be  more  luckily  made,  this  in- 
creafe of  weight  was  ftill  greater.  At  one  time,  when  the  mixture  of 
fnow  and  fpirit  of  wine  weighed  three  ounces  and  three  quarters,  it  afford- 
ed eighteen  grains  of  condenfed  vapours.  At  another  time  a mixture  of 
fnow  and  fal-gem,  that  weighed  three  ounces  and  feventy  grains,  gave  an 
additional  weight  of  twenty  grains  of  water*. 


V. 


Experiments  1 . Different  bodies  will  freeze  with  different  degrees  of  cold ; but  it 
and  obfervati-  were  endlefs  to  try,  particularly,  what  fubftances  are  capable  of  congela- 
***  uPon  bodies  tion,  and  what  not : but  not  to  leave  this  part  of  our  hiftory  untouch’d,  we 
JMedtibe  lhall  mention  a few. 

2.  In  very  cold  fnowy  weather,  we  obferved  water,  urine,  beer,  ale, 
milk,  vinegar,  French  wine  and  Rhenijh , to  be  either  wholly,  or  in  part, 
converted  into  ice,  tho’  the  two  laft  but  flowly.  We  alfo  froze  a 


• Something  like  thefe  experiments,  where- 
by a great  degree  of  cold  is  produced,  feems 
to  be  done  by  nature  in  a cave,  in  Tranche 
County , fifteen  miles  from  Befanfonto  the  Eajl. 
In  this  cave  it  is  exceflive  cold  in  fummer, 
and  proportionably  colder  as  the  weather  abroad 
is  hotter.  For  the  place  abounding  in  nitrous 


fait,  or  fal-armoniac,  and  efpecially  the  top 
of  the  cave,  the  heat  of  the  fummer  putting 
this  fait  in  motion,  it  mixes  and  unites  with 
the  water  that  runs  down  the  fides  and  clefts  of 
the  rock  into  the  cave,  and  there  congeals  in- 
to ice.  Hijl . de  /’  Acadsm,  A.  1712.  p-  27 
— *9- 
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flrong  folution  of  gum-arabic  and  white  fugar,  made  in  common  water ; Ph 
and  expofed  to  the  cold  air,  the  like  folutions  of  alum,  vitriol,  falt-petre,  - 
fea-falt  and  verdigreafe  in  fingle  vials  : thofe  made  with  the  alum, 
nitre,  and  verdigreafe,  froze  without  any  remarkable  phenomena;  in 
that  of  vitriol  there  remain’d,  at  the  bottom  of  the  glafs,  a confiderable 
quantity,  clear  and  unfrozen,  the  colour  whereof  fhew’d  it  to  be  greatly 
impregnated  with  the  vitriol,  while  the  upper  part  of  the  fame  differed 
little  in  colour  from  common  ice. 

3.  Not  only  thefe  grofier  faline  bodies  were  thus  expofed,'  but  alfo  fuch 
as  had  been  refined  by  fire.  Spirit  of  vinegar,  and  fpirit  of  urine,  being 
expofed,  in  feparate  glafles,  to  an  intenfe  cold,  we  obferved  them  both  to 
be  frozen. 

4.  To  two  ounces  of  water  we  added  a dram  of  the  fiery  lixiviate 
fait  of  pot-afhes,  and  expofed  them  to  a very  fharp  air  ; when  coming  to 
examine  the  fuccefs,  we  found  little  flicks  of  ice  upon  the  top,  like 
the  cryflals  of  rock  nitre,  whilft  others  fhot  downwards  in  great 
numbers. 

5.  Oil  of  tartar  per  deliquium , tho*  it  feem’d  greatly  to  refill  the 
cold,  was,  notwithstanding,  once  brought  to  congeal  by  fnow  and 
fait. 

6.  As  to  the  freezing  of  common  exprefs’d  oils,  I know  not  what  to 
determine.  That  they  may,  by  a very  intenfe  cold,  be  deprived  of 
their  fluidity,  fo  as  to  be  cut  into  portions  of  any  figure,  my  own  ex- 
periments perfuade  me.  But  whether  they  are  convertible  into  real 
ice,  is  a queftion  undeterminable  by  any  trials  we  could  make  in  Eng- 
land. I am  informed,  by  the  Ruffian  Emperor’s  phyfician,  that  oil  in 
Mufcovy , freezes  much  harder  than  with  us  ; but  will  not  there  become 
perfedl  ice  : on  the  other  hand,  Captain  James  tells  us  exprefly,  that  in 
the  ifland  where  he  once  winter’d,  “ their  oil,  as  well  as  every  other  li- 
“ quid,  was  frozen  fo  hard  as  obliged  them  to  cut  it  with  a hatchet.” 

And  Olaus  Magnus  relates,  that  “ in  the  battles  fought  upon  the  ice,  in 
<c  the  northern  regions,  the  foldiers  wear  not  leather,  but  woollen  harnels 
4C  on  their  legs  *,  becaufe,”  fays  he,  “ the  cold,  in  thefe  parts,  gives  the 
“ flipperinefs  of  ice  to  whatever  is  drefs’d  with  oil.”  Common  anifeed- 
water,. and  the  like  weak  fpirits,  will,  by  the  cold  in  Mufcovy , accord- 
ing to  the  relation  of  the  phyfician  above-mentioned,  be  turn’d  into 
an  imperfedl  ice ; and  the  ftronger  fpirits  into  a fubflance  like  that  of 
oil. 

7.  A folution  of  minium , made  with  fpirit  of  vinegar,  was,  upon  the 
16th  of  December  in  the  morning,  tho’  it  flood  near  the  fire,  fo  flrongly 
frozen,  that  part  thereof  appear’d  fhot  into  Saccharum  Saturni  ; whilft  a 
fmall  quantity  remain’d  on  the  top  unfrozen,  of  a yellow  colour  *,  which 
being  poured  out,  did  not  congeal. 

8.  A folution  of  gold,  made  with  falts,  that  flood  with  the  folution  of 
minium , was  alfo  frozen. 
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9.  A quantity  of  the  tindhire  of  Lignum  Nephriticum , that  filled  a pint 
vial,  being  froze,  exhibited  no  colour  in  the  ice,  whilft  it  remain’d 
fluid. 

10.  Mr.  Drummond  inform’d  me  that  he  had  often  feen  wine,  and  brandy, 
frozen  in  Ruffia  j but  that  the  ice  of  the  latter  was  lefs  hard  than  the  com- 
mon fort. 

11.  A French  chirurgeon  told  me  he  had  feveral  bottles  of  brandy  fro- 
zen in  Ruffia  *,  whilft  a liquid  part  retired  to  the  center,  and  appeared  to 
be  fpirit  of  wine,  vaftly  ftronger  than  common  brandy. 

12.  The  Ruffian  Emperor’s  phyfician  acquainted  me,  that  on  the  yth 
of  December , having  put  fome  French  brandy  into  a China  cup,  and  ex- 
pofed  it  to  the  air,  it  was  in  three  hours  time,  turn’d  into  a crufty  ice 
upon  the  fides  of  the  cup  ; and  thatexpofing  water  and  fallet-oil  together, 
the  latter  was  reduced  to  the  firmnefs  of  tallow,  while  the  former  remain’d 
unfrozen. 

13.  As  to  the  freezing  of  folid  bodies,  we  have  fometimes  tried  it  by 
expofing  wood,  and  branches  cut  off  from  growing  trees,  to  an  intenfe 
degree  of  cold,  by  which  they  feemed,  in  one  night’s  time,  to  be,  for 
fome  little  depth,  manifeftly  invaded  by  the  froft.  But  a domeftic  of 
mine  having,  lately,  felled  an  old  apple-tree,  on  a day  that  had  been  pre- 
ceded by  a fortnight’s  bitter  froft,  inform’d  me,  that  he  found  the 
froft  had  pierced  the  very  middle  of  it,  tho’  it  was  a foot  diameter. 
And  an  experienc’d  artificer  in  building,  told  me  he  had  often  feen, 
here  in  England , pieces  of  timber  apparently  frozen,  and  render’d  exceed- 
ing difficult  to  be  fawed  *,  the  froft  alfo  evidently  continuing  in  the 
faw-duft.  And,  therefore,  it  will  be  the  lefs  ftrange  if,  in  Poland > 
the  effects  of  cold  upon  wood,  be  more  confpicuous.  A learned  na- 
tive affured  me,  that  it  was  there  ufual  to  have  wood  frozen  fo  hard, 
that  the  hatchets  wou’d  not  cut,  but  rebound  from  it:  he  told  me, 
alfo,  that  he  had  feveral  times  feen  pieces  of  timber,  which,  having 
been  throughly  frozen  in  the  air,  and  afterwards  brought  into  warm 
rooms,  were  covered  with  a kind  of  hoar  froft,  which  made  them  look 
white.  He  added,  that  his  bow,  which  I faw,  was  very  ftrong  and  tough, 
for  it  confifted  of  horn  and  other  clofe  materials,  would  be  fo  changed 
b.y  the  froft,  that  unlefs  fpecial  care  were  had  in  thawing  of  it,  it  would' 
break. 

14.  That  marie,  chalk,  and  other  lefs  folid  terreftrial  concretions, 
will  be  ffiattered  by  ftrong  and  durable  frofts,  is  obferved  by  huf~ 
bandmen,  who  find  them  thereby  the  better  fitted  to  manure  their  land  ; 
the  texture  of  thofe  bodies  being,  by  congelation,  in  great  part  diffolv’d  : 
but  that  true  and  folid  ftones,  fuch  as  are  employed  in  noble  build- 
ings, fhould  be  fpoiled  by  the  froft,  will,  perhaps,  feem  very  impro- 
bable ; yet  I have  learned  from  a moft  ingenious  and  experienc’d  ma- 
fon,  that  he  had  often  obferved,  both  free-ftone,  and  harder  ftones. 
than  that,  to  be  exceedingly  fpoiled  by  the  froft,  and  reduced  to 

crack 
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crack  or  fcale  off,  and  thereby  blemifh  and  prejudice  the  houfes  built  Ph  ysics. 
with  them.  But  becaufe  it  may  be  obje&ed  that  fome  of  the  ftatelieft  fa- ' — -v— — • 1 
brics  in  England , chiefly  confift  of  thefe  {tones,  and  yet  very  well  endure 
the  inclemencies  of  the  air  * we  muff  obferve,  that  the  difference  may 
not  depend  upon  the  peculiar  nature  of  the  {tones  employ’d,  but  on  the 
feveral  feafons  in  which  they  were  dug  out  of  the  quarry.  For  if  they 
be  hewn  out  of  the  rock  in  cold  weather,  and  employed  in  building 
the  fame  winter,  they  will,  upon  very  hard  frofts,  be  apt  to  {hatter  or 
fcale  •,  but  if  dug  early  in  {ummer,  and  buffered  to  lie  expofed  to  the 
fan  and  air,  during  all  the  heat  thereof,  they  will  thereby  be  feafoned, 
and  made  able  to  endure  many  fharp  winters  unimpaired.  Itfeems  to  me 
worth  trying  whether,  during  their  lying  expofed  to  the  fun,  they  do 
not  exhale  a certain  unripe  mineral  fap  or  moifture,  which,  remain- 
ing in  the  ftone,  may,  by  very  piercing  frofts,  be  congealed  and  flat- 
ter its  texture.  This  feems  agreeable  to  what  an  underftanding  perfon, 
who  is  mafter  of  a great  glafs-houfe,  told  me,  of  his  great  earthen 
pots,  which  are  made  up  with  as  little  water  as  poflible,  and  thence 
become  defervedly  famous  for  their  durable  texture ; for  he  allured 
me  that  if  he  did  not  take  care  to  keep  the  froft  from  getting  into 
them,  thofe  folid  veffels  wherein  he  ufed  to  keep  his  glafs  infufion, 
would,  in  the  fire,  fcale,  crack,  or  fly ; and  become  unferviceable  feve- 
ral weeks  fooner  than  if  they  had  never  been  impaired  by  the  froft. 

He,  alfo,  affirmed  that  in  very  hard  frofts  feveral  glaffes  that  had  conti- 
nued intire  for  many  weeks,  would,  as  it  were  of  their  own  accord,  crack 
with  a loud  noife. 

To  this  may  be  added,  the  teftimony  of  an  experienced  French  au- 
thor, Bernard  Palijly , who  tells  us,  46  that  the  {tones  of  the  moun- 
44  tains  of  Ardenne , are  harder  than  marble;  and  yet  the*  inhabitants 
44  of  that  country  do  not  take  them  out  of  the  quarry  in  the  winter, 

44  becaufe  they  are  fubjedt  to  the  froft  ; and  that  it  has  often  been 
44  found  upon  thaws,  that  the  rocks,  without  being  cut,  have  fallen  down, 

44  and  thereby  killed  many  perfons.”  It  may  feem  far  more  unlikely, 
that  frofts  fhould  get  into  metals  themfelves ; yet  the  Polonian  lately 
mention’d,  aflured  me,  that  upon  drawing  his  fword,  or  pulling  out 
his  piftols  in  a warm  room,  after  he  had  been  long  in  the  field,  he 
has  prefently  found  them  almoft  whitened  over  by  a kind  of  fmall  hoar- 
froft.  But  if  we  credit  Olaus  Magnus,  confiderably  thick  pieces  of  iron 
and  fteel  will,  in  the  Northern  regions,  be  rendred  fo  brittle,  by  extreme 
froft,  that  they  are  there  obliged  to  temper  their  inftruments  after  a 
peculiar  manner.  And  even  here  in  England , I have  caufed  trials  to  be 
made  in  very  frofty  weather,  whereby,  if  an  expert  fmith,  I then 
employ’d,  did  not  wilfully  deceive  me  in  the  iron,  that  metal  may, 
by  fuch  degrees  of  cold  as  even  our  climate  affords,  be  rendered 
exceeding  brittle  : and  he  feveral  times  affirmed  to  me,  that  there 
are  fome  kinds  of  iron  which  he  could  hammer  and  turn,  as  they 
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Physics,  phrafe  it,  cold  in  open  weather,  which  yet  in  very  hard  frofts,  would 
become  fo  brittle  as,  by  the  fame  way  of  working,  eafily  to  break  or 
fly  afunder  * and  this  he  afferted  both  of  iron  and  fteel  ^ as  to  the  lat- 
ter of  which,  another  very  ^kilful  workman  certified  the  like.  And  for 
further  fatisfadbion  about  this  matter,  I enquired  of  a very  dexterous 
artificer,  well  fkill’d  in  making  fprings,  whether  he  found  a neceffity 
of  giving  them  a different  temper  in  very  frofty  weather  \ who  told  me, 
that  to  prevent  their  breaking  in  fuch  weather,  he  was  obliged  to  let 
them  down  lower  than  at  other  feafons  ; which  makes  it  probable,  that 
cold  may  have  a confiderable  operation  upon  bodies  where  it  is  not  fuf- 
pedbed.  And  this  affords  a hint  that  may  pofilbly  reach  further  than 
we  feem  to  be  aware  of ; as  to  the  fhare  that  quality  may  have  in  pro- 
ducing many  phenomena  of  nature. 

VI. 

Experiments  i.  We  found  many  diftilled  fpirituous  liquors,  well  freed  from  phlegm, 
upon  bodies  y/hich  difpofes  bodies  to  congelation,  cou’d  not  be  brought  to  freeze, 
^ffroze  *°  e^^er  by  the  cold  of  the  open  air  in  frofty  nights,  or  fuch  an  applica- 
" J tion  of  fnow  and  water  as  ferved  to  freeze  other  fubftances. 

2.  Of  this  kind  were  Aqua  fortis , fpirit  of  nitre,  fpirit  of  fait,  oil  of 
turpentine,  and  almoft  all  the  chymical  oils.  Spirit  of  wine  alfo,  and 
of  other  fermented  liquors,  would  not  congeal  i and  even  fack  it  felf, 
if  good,  would  fcarce  afford  any  ice  at  all.  But  after  burning  away 
fome  of  the  more  fpirituous  parts  of  a quantity  of  this  wine,  that 
would  yield  no  ice,  the  remaining  portion  was  eafily  brought  to  freeze. 
Having  expofed  two  drams  of  pot-afhes  diffolved  in  one  ounce  of  water, 
the  vial  that  contained  them  was  cover’d  with  hoar-froft  and  ice  on  the 
outfide ; but  the  mixture  froze  not  a whit  within.  At  another  time, 
a very  ftrong  folution  of  fait  of  tartar  kept  fluid,  whilft  a tolerably 
ftrong  folution  of  pot-afhes,  that  was  expofed  therewith,  froze.  Thefe 
experiments,  therefore,  with  lixiviate  liquors,  fhou’d  be  repeated,  to  re- 
duce them  to  a certainty. 

3.  Train-oil,  which  is  made,  by  the  help  of  fire,  from  the  fat  of  the 
whale,  expofed  twice  or  thrice  in  a vial  to  a very  cold  air,  continued 
fluid  •,  ’till  at  length,  the  night  proving  excefiive  cold,  ’twas  congealed 
the  next  morning.  But  what  credit  does  this  bring  to  the  report  of 
Glaus  Magnus , who  tells  us,  ’tis  ufual  in  the  northern  regions  to  fill  up 
the  frozen  ditches  of  fortified  places  with  train-oil,  in  the  winter,  to 
preferve  tjie  lower  water  fluid,  and  keep  the  enemy  from  paffmg  them. 
’Tis  however  worth  enquiry,  whether  the  whale-oil  ufed  by  the  Swedes , 
Laplanders , Mufcovites , &c.  be  different  from  ours,  unlefs  Olaus  Magnus 
may  be  juftly  faid  to  have  often  impofed  upon  his  reader. 

4.  A ftrong  folution  of  common  fugar  was  eafily  converted  into  ice, 
but  one  of  Saccharum  Saturni , cou’d  not  be  thus  alter’d  by  fait  and 
fnow  *,  which  is  the  more  remarkable,  becaufe  of  the  two  ingredients 

of 
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of  this  preparation,  lead  and  fpirit  of  vinegar,  the  former  is  allow’d  Physics. 

to  be  a very  cold  body,  and  the  latter  has,  by  a like  degree  of  cold — * 

to  that  here  ufed,  afforded  ice.  And  as  Saccharum  Saturni  is  but  a 

kind  of  vitriol  of  lead,  ’tis  remarkable,  that  its  folution  fliou’d  not 

freeze,  as  well  as  that  of  common  vitriol,  when  to  make  the  latter, 

metal  is  corroded  by  a fpirit  probably  much  fharper  and  ftronger  than 

that  of  vinegar. 

5.  We,  likewife,  attempted  to  freeze  quick-filver ; and  for  that  end, 
provided  a thin  bubble  blown  fo  flat,  that  its  oppofite  fides  almofl:  touch’d 
each  other,  which,  therefore,  contain’d  but  a fmall  quantity  of  mercury, 
fpread  out  into  a large  furface,  to  receive  the  adtion  of  the  cold : but 
our  endeavours  herein  prov’d  fruitlefs,  tho’  the  laft  trial  was  made  in 
the  fame  intenfe  degree  of  cold,  with  one  of  the  following  Experiments. 

Having  long  expofed  another  thin  glafs  bubble  of  quick-filver  to  a vehe- 
mently (harp  air,  the  cold  had  fome  fmall  effedt  thereon,  but  wou’d  not 
bring  it  to  freeze  ; wherefore,  I wifh  that  the  trial  were  made  in  Muf- 
covy , Greenland , Charles- IJland^  or  the  mofl  frozen  regions. 

6.  ’Tis  remarkable,  that  tho’  folutions  of  many  grofs  falts,  and  even 
the  more  faline  and  fpirituous  liquors,  are,  by  fnow  and  fait  brought 
to  congeal  ; yet  a very  ftrong  brine  of  common  fait  never  froze  at  all, 
tho’  expofed  with  other  faline  folutions,  that  were  turn’d  to  ice,  in  an 
exceeding  /harp  night.  But  expofing  a folution  made  of  one  part  of 
fea-falt,  and  twenty  of  water,  in  a fmgle  vial,  to  the  air  of  a very  in- 
tolerable cold  night,  we  on  the  next  day  found  a great  portion  of  the 
liquor  frozen  ; the  ice  floating  on  the  top  in  figures,  refembling  thofe 
of  broom,  and  fpreading  downwards  from  the  furface  of  the  water. 

And,  by  the  way,  we  permitted  the  ice  of  falt-water  to  thaw,  in  or- 
der to  fee  whether  it  wou’d  yield  frefh  •,  but  it  ftill  retain’d  fome  brackifh- 
nefs  ; which,  whether  or  no  it  proceeded  from  the  brine  contiguous 
to  the  ice,  I leave  to  be  determined  *,  being  credibly  inform’d,  that  the 
thaw’d  ice  of  fea-water  is  often  ufed  in  Amfterdam  for  brewing.  And 
Barthcline , in  his  book  de  Nivis  ufn , confirms  this  relation,  in  the  fol- 
lowing words.  cc  ’Tis  certain,  ” fays  he,  46  that  if  the  ice  of  fea-wa- 
“ ter  be  thaw’d,  it  lofes  it  faltnefs  •,  as  has  been  lately  tried  by  a pro- 
“ fefifor  in  our  univerfity. 

7.  Spirit  of  fal-armoniac  with  quick-lime,  volatile  oil  of  amber,  a lit- 
tle oil  of  vitriol,  a folution  of  filver  in  Aqua  fort  is , fome  diluted  rain 
water,  and  a vial  full  of  weak  fpirit  of  human  blood,  were  expofed  for 
two  nights  and  a day,  to  the  cold  *,  whereby  the  three  former  were  not 
at  all  frozen,  but  the  folution  of  filver  was  congealed,  and  the  fpirit  of 
human  blood  almofl:  wholly  converted  into  ice,  which  rofe  fo  high,  as 
to  thruft  the  cork  out  of  the  vial  that  contained  it. 

8.  Unredtified  oil  of  turpentine,  tho’  expofed  all  night  in  a Angle 
vial,  would  not  freeze  \ yet  the  fame  quantity,  fet  in  an  earthen  veflel, 
had  its  upper  part  turn’d  to  tolerably  thick  ice,  figured  almofl:  like  that 
of  frozen  urine. 

9.  A 
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Physics.  9.  A traveller  inform’d  me,  that  in  a part  of  Scotland , there  is  a lake, 
from  which  iffues  a fmall  river,  neither  of  thofe  waters  are  ever  froze  in 
the  depth  of  winter,  which  is  there  exceffive  fharp  : he  adds,  that  lumps 
of  lhow  and  ice,  call  into  the  lake,  do  readily  diiTolve  therein  j and  that 
this  water  differs  not,  in  tafte,  from  the  common. 

10.  A commanding  Officer  inform’d  me,  that  his  foldiers  making  ufe 
of  Pallet  oil  to  the  locks  of  their  mufkets,  could  not  make  them  dis- 
charge *,  but  being  advifed  to  apply  hemp-oil,  they  froze  not  therewith  : 
nor,  as  I am  told,  will  train-oil  freeze. 

VII. 


Experiments  i.  Having  already  treated  of  thermometers,  and  the  methods  of  ap- 
and ohfer'va-  plying  the  nicer  fort,  to  eftimate  the  different  degrees  of  coldnefs, 
de” \°es of  co/d  both  *n  an<^  bodies,  we  need  only  here  farther  add,  that  when 
in  federal  bo-  they  are  ufed  in  confident  fubftances,  we  alter  the  figure  of  the 
dies.  round  bubble  into  a flat  bottom,  that  the  whole  inftrument  may 

reft  thereon  •,  due  care  being  always  had  to  take  it  up  by  the  (len- 
der end,  for  fear  of  rarifying  the  included  air  : and  thus  it  may  be 
transfer^  with  a pendulous  drop  in  the  pipe,  from  one  folid  body  to 
another. 

2.  To  make  a tolerable  eftimate  of  the  difference  between  fuch  high 
degrees  of  cold,  as  will  all  fuffice  to  congeal  water,  is  a difficult  talk  *, 
for  freezing  having  been  commonly  reputed  the  ultimate  effect  of  cold, 
men  have  feldom  look’d  beyond  it.  The  difference  between  different 
frofty  feafons  are  too  man i fell,  and  frequent,  to  be  wholly  aferibed  to 
the  different  tempers  of  our  bodies  *,  yet  how  to  eftimate  that  diffe- 
rence, is  not  fo  obvious.  The  common  weather-glaflfes,  we  have  for- 
merly feen,  may  eafily  deceive  us  herein.  Some  guefs,  indeed,  might 
be  made  by  the  operations  of  cold  upon  liquors,  yet  fome  will  freeze  too 
fuddenly,  and  others  not  at  all  in  England. 

3.  Upon  thefe  and  the  like  confiderations,  we  thought  proper  to 
employ  an  expedient,  the  nature  and  ufe  whereof  will  appear  from  the 
following  experiments.  And  tho’  a mifchance  prevented  me  from  de- 
termining exadtly,  how  much  the  fpirit  of  wine  in  my  thermometer 
was  contracted,  in  proportion  to  its  whole  bulk,  by  the  excefs  of  cold, 
above  what  was  neceflary  to  freeze  common  water  j yet  fomething  of 
ufe  to  the  prefent  fubje<ft  may  be  thence  collected  : and  particularly,  the 
chief  thing  will  manifeftly  appear  therefrom  ; that  is,  the  intenfenefs 
of  cold,  produced  by  art,  beyond  what  nature  neceflfarily  employs,  to 
turn  water  into  ice. 

4.  We  took  a fmall  fealed  thermometer,  furnifh’d  with  fpirit  of  wine, 
a ball  about  the  bignefs  of  a large  nutmeg,  and  a very  (lender  cylin- 
drical ftem,  ten  inches  long  and  immerfing  the  ball  and  part  of  the 
Idem  in  a veffel  of  water,  half  buried  in  fnow  and  fait,  the  water  be- 
gan 


Rxperiments  and  Obfervations  upon  Cold.  599 

gan  to  freeze  at  the  top,  bottom  and  Tides,  whereupon  the  tinged  li* Physics. 
quor  fubfided  5I  divifions,  which  were  half  inches;  then  being  taken 
out,  and  ice  and  fait  immediately  applied  to  the  ball,  the  fpirit  fell 
1 1 divifion  lower.  And  that  the  water,  tho*  in  part  congealed,  re- 
main’d warm,  in  comparifon  of  the  fpirit  of  wine,  which  was  fluid,  tho* 
refrigerated  by  the  fnow  and  fait,  appears  from  the  following  experi- 
ment. 

5.  The  glafs  continuing  in  the  water  till  that  began'  to  freeze,  de- 
fended to  5I;  when,  being  immediately  removed  into  the  fame  fnow 
and  fait,  which  reduced  the  water  to  that  ftate  at  firfb,  the  fpirit  defend- 
ed very  fwiftly,  but  afterwards  more  flowly,  till  it  fell  to  the  very  bot- 
tom of  the  fern ; ’twas  then  removed  into  the  fame  glafs  from  whence 
we  took  it,  wherein  were  many  loofe  pieces  of  ice*,  neverthelefs  it  ha- 
ftily  ale  ended  at  the  firf , and  was,  prefently  after,  impeli’d  to  the  former 
height  of  5 i diviflons. 

6.  The  condenfation  of  liquors,  by  fuch  degrees  of  cold  as  are  pro- 
curable among  us,  is  nothing  near  fo  great  as  might  be  imagin’d.  On 
a cold  day,  but  not  frofty,  having  very  carefully  weigh’d  a fmall  round 
veflfel  of  clear  glafs,  furnifh’d  with  a long  fern,  and  found  its  balance 
to  be  one  ounce,  one  dram,  56  i grains,  we  fill’d  its  round  part  with 
well  rectified  oil  of  turpentine,  till  it  afe ended  a little  way  up  the 
fern  ; exactly  marking  its  ftation,  with  a diamond  on  the  outflde  of 
the  glafs : we  then  put  them  both  into  the  fc ale,  and  found  them  to 
weigh  two  ounces,  feven  drams,  34  \ grains ; when  gradually  pouring 
in  i dram  of  oil,  mark’d  how  high  it  reach’d  in  the  pipe,  and  fo  conti- 
nued to  add  feveral  parcels  of  the  fame  fluid,  always  carefully  weigh- 
ing each  quantity,  and  marking  its  height  on  the  outflde  of  the  glafs, 
till  the  liquor  and  glafs  together  weigh’d  three  ounces,  one  dram, 

4 i grains.  The  little  bolt-head  was  now  placed  with  its  fpherica!  part 
in  a wide-mouth’d  glafs  of  fair  water  *,  when,  by  laying  fnow  and 
fait  around  it,  we  made  the  water  begin  to  freeze,  till  a little  ice  was 
produced  thereon  ; then  carefully  marking  the  pare  of  the  item  where- 
to the  oil  had  defeended,  we  transfer’d  the  bolt-head  to  a mixture 
of  fnow  and  fait,  where  ’twas  kept  for  an  hour  or  two,  till  we  per- 
ceiv’d it  fall  no  lower  *,  and  marking  this  ftation  alfo,  we  after- 
wards removed  the  glafs  into  a warmer  air,  till  the  oil  had  regain’d  the 
higheft  mark  from  whence  it  began  to  fink.  We  next  gently  pour- 
ed out  of  the  bolt-head,  into  a very  fmall  glafs  nicely  counterpois’d 
in  very  tender  feales,  fo  much  of  the  oil  till  the  remainder  refled 
againft  that  mark  of  the  ftem,  whereto  it  fell  when  the  water  began 
to  freeze,  which  amounted  to  9 \ grains,  tho’  we  might  fafely  call 
them  ten.  After  this,  we  poured  more  oil  out  into  the  fame  little 
glafs,  till  what  was  left  in  the  pipe,  flood  even  with  that  mark  where- 
to the  fnow  and  fait  had  funk  it  *,  which  parcel  of  oil  happen’d  to  be 
very  nearly  of  the  fame  weight  with  the  former ; fo  that  the  artificial 
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Ph  ysi cs.  way  of  freezing,  employ’d  in  this  experiment,  made  the  oil  fubfide  as 
much,  after  it  had  been  refrigerated  and  condenfed  by  a degree  of  cold 
capable  of  congealing  water,  as  that  degree  of  cold  had  been  able  to 
condenfe  it  at  firfb.  And,  laftly,  having  deducted  the  weight  of  the 
glafs  from  that  of  the  whole  oil  and  glafs  together,  to  gain  the  weight 
of  the  oil  alone  s and  having  divided  the  weight  of  the  whole  oil,  firft 
by  that  of  the  former  parcel  of  ten  grains,  and  then  by  the  weight  of 
the  fecond  we  found  that  rectified  oil  of  turpentine,  of  a moderate 
temper,  expofed  to  a degree  of  cold  capable  of  freezing  common  water, 
did,  by  contraction,  lofe  a 94th  part  •,  and  that  being  reduced  to  as  great 
a coldnefs  as  fnow  and  fait  cou’d  bring  it,  it  even  then  loft  but  about  a 
47th  part  of  its  bulk. 

7.  Another  attempt  we  made  to  meafure  the  proportion,  whereto 
water  of  a moderate  coldnefs  wTou’d  fhrink  by  the  force  of  fnow  and 
f it,  before  it  began  to  expand  by  congelation  : and  by  a trial  pur- 
polely  made  with  common  water  in  a round  glafs  furnifhed  with  a 
long  ftem,  we  found  the  water  in  that  ftem  to  fubfide  fo  very  little 
as  to  be  inconfiderable  ; but  probably  a larger  quantity  of  water  and 
a flenderer  ftem,  wou’d  have  render’d  the  contraction  of  the  liquor 
more  remarkable. 

8.  We  alfo  try’d  to  meafure,  by  the  different  weight  and  denfity 
of  the  fame  portion  of  water,  the  change  therein  produced  between  the 
utmoft  heat  of  fummer,  the  firft  degree  of  freezing  cold,  and  the  high- 
eft  that  art  can  create.  And  in  order  hereto  we  weigh’d,  with  a pair 
of  exaCt  fcales,  a glafs  bubble  heavier  than  water,  in  that  fluid,  when 
it  was  of  a moderate  coldnefs,  and  thereby  readily  gain’d  its  propor- 
tion to  an  equal  bulk  of  that  water  ; then,  by  applying  fnow  and  fait, 
we  made  the  water  begin  to  freeze,  and  again  weigh’d  the  bubble 
therein,  to  find  what  proportion  an  equal  bulk  of  the  cooled  liquor 
wou’d  bear  to  the  glafs  *,  and  by  comparing  thefe  two  proportions  to- 
gether, we  made  an  effymate  of  the  water’s  increafed  gravity  and  den- 
fity by  the  aCtion  of  a freezing  degree  of  cold.  In  the  following  fum- 
mer, we  defign’d  to  have  weigh’d  the  bubble  in  the  fame  parcel  of 
water,  that,  by  the  difference  of  its  weight  therein,  when  render’d  lighter 
by  the  heat  of  the  air,  we  might  obtain  the  information  we  defired. 
This  experiment  I,  alfo,  recommended  to  be  made  in  Italy , during  the 
fummer’s  heat  •,  fnow  being  there  eafily  procurable  at  that  time  *,  but 
having  hitherto  receiv’d  no  advice  of  its  being  perform’d,  nor  been  a - 
ble  to  perfect  our  own  experiment,  I content  myfelf  with  fhewing  the 
fteps  we  defign’d  to  purfue  therein. 

9.  Whether  the  making  of  fuch  experiments  as  thefe,  with  the  wa- 
ters of  particular  rivers  or  feas,  may  afford  any  ufeful  inftruCtion,  as 
to  the  greater  burthen  a fhip  will  carry  thereon,  in  winter  than  in  the 
fummer,  is  an  inquiry  which  I fhall  not  here  infift  on  : we  may,  how- 
ever, obferve,  that  the  difference  betwixt  water  cold  in  the  extreme 

degree. 


1 


Experiments  and  Obfervatiom  upon  Cold,  601 

degree,  and  that  of  the  ufual  ftandard,  is  not  fo  great  as  fome  have  ima-PHVsrcs. 
gin’d  ♦,  for  having,  on  a day,  wherein  fell  fnow  intermixed  with  rain,  v— ■ — ■ v-— * 
weigh’d,  in  common  water,  a glafs  babble,  whofe  weight  in  air  was  1 50 
grains  ; but  in  water  only  28  i grains,  and  then  by  fnow  and  fait  made 
that  water  begin  to  freeze  in  an  open  glafs,  we  found  the  bubble  weigh’d 
therein  not  above  i grain  lefs  than  before  ; fo  that  if  we  may  judge  of  the 
condeniation  of  water  by  the  increafe  of  its  weight,  this  ftirunk  only  a- 
bout  a two  hundred  and  thirtieth  part  of  its  former  bulk. 

VIII. 

We  come  now  to  confider  in  what  line  of  diredfion  the  refrigerating  Experiments 
power  of  cold  bodies  adfs  with  the  greateft  force,  or  to  the  greateft  di  -relating  to  the 
ftance.  That  heat  diffufes  itfelf  principally  upwards,  is  a known  do&rine,  tendency  0}f  dt~ 
and  ufually  holds  true  •,  whence  it  might  be  fufpedted,  that  cold  had  its™*  C “ 
tendency  chiefly  downwards.  With  relation  to  this  point,  we  made  the 
two  following  experiments. 

1 . A very  thin  bubble,  made  flat  at  the  bottom,  that  it  might  be  the 
more  expofed  to  the  cold,  being  filled  with  water,  and  fufpended  by  a ' 
firing,  at  the  diftance  of  an  inch,  above  a mixture  of  beaten  ice  and  fait, 
wherewith  we  had  half  fill’d  a large  wide-mouth’d  glafs,  the  water 
fnew’d  no  figns  of  being  froze.  And  to  this  experiment  agrees  an  ob- 
fervation  we  made,  that  a mixture  of  ice  and  fait  did  not  congeal 
the  vapour  of  the  air,  at  the  diftance  of  more  than  half  a barley 
corn’s  breadth,  above  the  height  whereto  the  mixture  reach’d  in  the 
glafs. 

2.  We  put  a mixture  of  fnow  and  fait  into  a vial  with  a long  neck, 
the  round  part  whereof  was  by  a weight  kept  under  water,  from  whence 
being  foon  taken,  the  outfide  of  the  glafs,  below  the  furface  of  the  water, 
was  found  cafed  with  fol id  ice,  and  particularly  about  the  bottom  of  the 
vial,  to  a vaft  thicknefs  and  hardnefs. 

3.  From  hence,  however,  I will  not  pofitively  conclude,  that  the-  ten- 
dency of  cold  produced  by  bodies  able  to  freeze  others,  is  greater  down- 
wards than  upwards  ; for  I fufpecft  it  requires  more  accurate  experi- 
ments to  determine  that  matter.  How  it  happen’d  I know  not, 
that  ice  in  the  laft  experiment  fhou’d  be  much  thicker  there  than 
elfewhere  ; for  in  other  trials  of  the  like  kind,  we  generally  obferv’d 
the  outfides  of  the  glafles  to  be  cafed  with  ice,  or  cover’d  with  hoar- 
froft  on  that  part  direcfily  oppofite  to  the  fnow  and  fait,  which  mu- 
tually diflolving  each  other  in  part,  and  falling  in  a fluid  form  to  the 
bottom,  the  undiflblved  **part  of  the  ingredients  wou’d  float  upon  this 
liquor,  oppofite  whereto  the  external  ice  generated  thereby  appear’d  5 
fo  that  as  the  mixture  grew  gradually  thinner,  the  belt  of  ice  on  the 
outfide  became  narrower,  till  at  length,  when  the  fnow  was  quite  dif- 
folved,  the  ice  prefently  vanilh’d.  And  as  in  fuch  vials  the  ice  ap- 
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Physics,  pear’d  not,  as  we  faid,  more  than  the  breadth  of  half  a barleycorn  a- 
bove  the  mixture,  fo  neither  do  I remember  to  have  feen  it  much  far- 
ther below  it  *,  from  whence  it  may,  with  fome  probability,  be  fuppofed, 
that  the  coldeft  bodies  diffufe  not  their  freezing  power  to  any  confidera- 
ble  diftance,  either  upwards  or  downwards. 

4.  But  the  prefent  experiment  having  been  made  under  water,  and 
the  others  in  the  open  air,  I dare  not,  without  farther  trial,  determine 
how  much  this  difference  of  the  medium  may  alter  the  cafe  in  the  diffu- 
fion  of  cold  •,  efpecially  fmce  we  fhall  prefently  fee,  that  frozen  eggs, 
fufpended  under  water,  were  every  where  equally  furrounded  with  a coat 
of  ice. 

5.  A principal  obftacle  to  the  progrefs  of  the  hiftory  of  cold  feems  to 
have  been,  that  the  common  method  of  freezing  by  fnow  and  fait,  is 
apt,  like  the  ordinary  froft,  to  break  the  glafs  veffels  employ’d ; for  in 
both  cafes  the  fluid  beginning  to  freeze  at  the  top  ; and  the  property  of 
glaciation  being  to  diftend  the  liquors  it  affedls ; when  the  upper  cruft  of 
ice  is  grown  thick,  and  bears  hard  with  its . edges  againft  the  fides  of 
the  veffel,  it  makes  a greater  refiftance  to  the  farther  expanfion  of  the 
fluid,  as  that  is  fucceftively  frozen  *,  whence  the  containing  glafs  is 
eafily  bur  ft. 

6.  For  this  reafon,  I contrived  to  freeze  the  water  from  the  bottom  up- 
wards, by  mixing  the  fait  with  that  part  only,  of  the  fnow  which  was 
to  lie  under,  and  about  the  lower  part  of  the  glafs  placed  in  it. 
By  this  means  the  fnow,  contiguous  to  the  fides,  did  no  more  than 
cool  the  water  and  difpofe  it  to  freeze,  whilft  that  whereon  the 
glafs  refted,  being  mix’d  with  fait,  converted  the  adjacent  liquor 
into  ice,  and  fo  raifed  the  incumbent  fluid  which  I cou’d  alfo  freeze 
without  danger  of  breaking  the  glafs,  by  barely  applying  the  mixture 
to  its  fides,  fo  as  not  to  let  it  reach  too  near  the  furface  of  the  li- 
quor, whofe  upper  parts  were  thus  kept  fluid  to  the  laft,  and  there- 
fore, capable  of  being  impell’d,  gradually  upwards,  by  the  expanfive 
force  of  the  lower. 

7.  No  nicety  of  proportion  need  be  obferved  in  the  quantities  of 
the  fait  and  fnow  made  ufe  of ; neither  is  it  requifite  they  fhou’d  be  in- 
timately mixed : a third  or  fourth  part  of  the  former,  to  one  of  the  lat- 
ter, fucceeds  well.  I feldom  add  fait  to  all  the  fnow,  at  once,  unlefs  I 
defire  an  immediate  congelation  \ and  by  the  method  above-mention’d, 
I procure  ice  on  what  external  part  of  the  glafs  I pleafe.  And  let  it  be 
obferv’d,  that  beaten  ice  will  freeze  in  this  cafe  as  well,  if  not  better 
than  fnow  •,  for  which  reafon,  I promifcuoufty  ufe  either  of  them  with 
fait,  for  the  ingredients  of  our  freezing  mixture. 
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P H Y S I C 

’Tis  a tradition,  that  frozen  eggs  or  apples  are  fpoiled  by  being  thaw’d  entst . 

near  the  fire,  but  if  immerfed  in  cold  v/ater  recover  their  natural  ftate.** 

Upon  more  reafons  than  one,  we  thought  fit  to  try  the  experiment  •,  but  gard  to  thepre - 
the  event  did  not  anfwer  our  expedlation  : however,  after  feveral  attempts,  fixation  and 

we  at  length  brought  it  to  fucceed.  ^bodufb^cofd 

1.  An  egg  that  weigh’d  twelve  drams  and  one  grain,  being  wrapt  up  ' < J )C^' 
in  wax’d  paper,  and  frozen  with  fnow  and  fait,  loft  four  grains  ; ’twas 

then  put  into  a difh  of  fair  water,  where  it  gain’d  fuch  a coat  of 
ice,  as  caufed  the  whole  to  weigh  fifteen  drams,  nine  grains ; then  the 
ice  being  taken  off,  and  the  fhell  very  well  dried,  the  egg  weigh’d 
twelve  drams,  twelve  grains.  At  length  we  broke  it,  and  found  it 
almoft  entirely  thaw’d.  When  froze,  it  floated  in  water,  but  funk  when 
thaw’d . 

2.  We  placed  two  eggs,  ftrongly  frozen,  in  a room  where  there 
was  a large  fire,  one  of  them  plunged  in  a deep  wooden  difh  full  of 
very  cold  water,  and  the  other  upon  a table  near  it,  about  two  yards 
from  the  fire  ; when,  perceiving  that  in  the  water  to  be  crufted  over 
with  ice,  we  took  it  out,  freed  it  therefrom,  broke  it,  and  found  many 
little  parcels  of  ice  remaining  upon  fome  part  of  the  white ; while  the 
other  part  of  the  fame,  and  the  whole  yolk,  appear’d  nearly  of  the 
fame  confiftence,  as  if  they  had  never  been  frozen  * but  the  egg  that  lay 
dry,  had  both  its  white  and  yolk  entirely  frozen  •,  the  latter  whereof, 
being  as  hard  as  if  it  had  been  over~boil’d,  fliew’d  us,  when  cut 
thro’  the  middle,  feveral  concentrical  circles  of  different  colours,  with 
a fpeck  much  whiter  than  any  of  them,  in  its  center  ; which  laft  circum- 
ftance  was  perhaps  accidental.  By  the  way,  we  only  once  obferved  fro- 
zen eggs  to  fwim ; and.  that  when  fuch  eggs  were  broken,  the  white 
floated,  and  the  yolk  funk. 

3.  Upon  repeating  the  fame  experiment,  we  were  convinced,  that  fro- 
zen eggs  will  thaw  much  fooner,  c ceteris  paribus , when  immerfed  in  wa- 
ter, than  when  furrounded  only  with  air. 

4.  Sufpending  a frozen  egg  under  water,  at  a diftance  from  the  fides 
of  the  containing  vefiel,  its  icy  coat  over-fpread  the  thread  whereby 
*twas  hung  j and  we  found  that  coat  of  an  uniform  thicknefs,  tho’  a 
confiderable  quantity  of  ice  was  generated  at  a fmall  diftance  herefrom  ; 
which  feem’d  to  owe  its  origin  to  the  fame  caufe  *,  yet  we  cou’d  not 
find  that  it  any  where  adher’d  to  that  which  immediately  cover’d  the 
egg : ’tis  poffible,  however,  its  rudiments  were  parted  from  the  egg,  by 
fome  motion  communicated  to  the  table  whereon  the  experiment  was 
made. 

5.  Having  expofed  fome  pippins,  all  night,  to  freeze,  and  put  them 
on  the  following  morning,  into  a bafon  of  very  cold  water,  that  ftood 
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Physics,  in  a warm  room,  they  were  foon  furrounded  with  cafes  of  ice  to  a con- 
fiderable  thicknefs ; and  here  we  obferved,  that  the  immerfed  part  of  a 
floating  apple  was  thicker  coated  with  ice  than  what  remain’d  above ; 
that  the  extant  part  feem’d  alfo  harder  than  the  other  •,  that  one  being 
purpofely  laid  on  the  outfide  of  the  bafon,  appear’d  in  cutting  to  be 
harder  and  more  frozen  than  thofe  which  had  been  plunged  under 
water  *,  the  latter  proving  almoft  as  foft  as  pippins  that  had  never  been 
froze,  but  particularly  in  their  external  parts*,  laftly,  that  neither  thefe* 
nor  frozen  eggs,  notwithftanding  their  great  congealing  force,  upon  the 
contiguous  water,  appear’d  to  detain  or  freeze  the  vapour  of  the  air,  as 
ice  and  fnow  mix’d  with  fait,  and  included  in  glafles,  very  remarka- 
bly do. 

6.  After  freezing  fome  eggs  in  ice  and  fait,  till  their  fhells  crack’d,  we 
plunged  one  into  milk,  two  into  a glafs  of  beer,  and  two  more  into  a glafs 
of  fack;  but  none  of  them  produced  a grain  of  ice.  Some  others  being 
immerfed  in  vinegar,  the  faline  part  of  the  liquor  began  to  diflolve  their 
fhells,  whilft  the  cold  of  the  ice  therein  was  unable  to  freeze  any  part 
of  the  fluid. 

y.  I alfo  defign  to  try  whether  pieces  of  iron  of  different  fhapes  and 
magnitudes,  expofed  for  feveral  nights  to  the  freezing  air,  and  afterwards 
immers’d  in  water,  wou’d  produce  any  ice ; for  the  froft  feems  to  affeCt 
fuch  bodies.  And  I have  been  aflured,  that  a large  cheefe  being  buried 
in  water,  in  a cold  country,  was  immediately  cover’d  over  with  ice.  But 
for  want  of  a froft  fufficiently  durable,  I cou’d  not  obtain  my  defire* 
However,  I kept  large  lumps  of  iron  and  other  metals,  pieces  of  glafs,. 
and  fome  ftones  of  a proper  flze,  for  a confiderable  time,  longer  in  fnow 
and  fait,  than  wou’d  have  fufflc’d  to  caufe  eggs,  apples,  &c.  to  produce 
plenty  of  ice  upon  being  thaw’d  in  water  *,  yet  we  found  nothing  of  this 
kind  upon  any  of  the  feveral  mineral  bodies  mention’d,  tho’  kept  long 
cover’d  in  cold  water. 

8.  Ice  and  the  juice  of  pippins  well  fhook  together  in  a Angle  vial,  pro- 
duced abundance  of  dew,  but  no  ice. 

9.  Ice  and  the  white  of  an  egg  gently  beat  into  a liquor,  did  the  like  *, 
but  thefe  trials  ought  to  be  repeated. 

10.  That  frozen  apples  are  better  preferved  by  being  thaw’d  in  water, 
than  before  the  Are,  we  are  convinc’d  by  feveral  trials  *,  and  cou’d  not  but 
wonder  to  fee  how  great  a putrefaction  was  caufed  in  thefe  bodies  by  thaw- 
ing them  fuddenly  j but  in  eggs  the  experiment  is  not  fo  eafily  or  expe- 
ditioufly  made. 

11.  This  obfervation  feems  to  hold  equally  in  the  bodies  of  men, 

when  froze.  ’Tis  commonly  found  in  the  cold  northern  climates,  that 
if  any  perfons,  whofe  limbs  are  froze,  approach  the  Are  too  haflily,  they 
thereby  endanger  the  lofs  of  them.  “ Upon  many  of  us,”  fays  Capt. 
James , “ the  cold  had  raifed  blifters  as  big  as  wallnuts  *,  which  we 

“ attributed  to  our  coming  too  haflily  to  the  fire.”  And,  there- 
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fore,  the  proper  method  is,  to  wafh  the  frozen  part  in  very  cold  water,  or  Physics. 

rub  it  well  wich  fnow,  before  the  perfons  thus  affeCted  enter  a hot  room.  w 

I wou’d  willingly  have  tried  the  effeCts  of  different  kinds  of  thawing  up- 
on frozen  beef*,  but  failed  of  an  opportunity.  An  intelligent  perfon  who 
had  lived  in  Mufcovy  told  me,  that  having  two  very  large  cheefes  frozen 
in  that  country,  he  thaw’d  one  of  them  in  water,  and  the  other  in  a 

ftove  *,  whereby  the  former  became  much  the  better  of  the  two : he  added 

that  the  cheefe  thaw’d  in  water,  prefently  acquired  a cruft  of  ice 
therein. 

12.  Hildanus , in  his  treatife  of  gangrenes,  tells  us,  cc  that  a nobleman, 

“ who  had  travell’d  in  the  more  northern  regions,  affured  him,  he  there 
“ once  found  a man  upon  the  road  ft  iff,  and  almoft  froze  to  death  j 
<c  whom,  having  carried  him  to  an  inn,  the  mafter  thereof  prefently 
cc  plunged  him  into  cold  water,  whereby  his  whole  body  was  covered 
“ over  with  ice  *,  then  having  drank  a glafs  of  fpiced  hydromel,  he  was 
“ put  to  bed,  where  he  fweat  and  recovered ; but  loft  the  firft  joints  of 
“ his  fingers  and  toes. 

13.  The  experiments  lately  delivered,  wherein  ice  was  fpeedily  pro- 
duced on  the  outfide  of  frozen  eggs  and  apples,  by  immerfing  them  in  cold 
water,  feem  very  well  fitted  to  difcover  the  caufes  of  congelation  5 but  I 
fhall  not  here  build  any  hypothecs  upon  them. 

14.  Whether  bodies  be  froze  by  the  admiffion  of  frigorific  atoms,  that 
diforder  the  texture  of  the  frozen  body,  or  the  abfence  of  fon.e  matter 
that,  before  congelation,  more  ftrongly  agitated  their  parts,  or  in  what 
other  manner  foever  *,  ’tis  manifeft  that  the  nature  of  the  congealed  fub- 
flance  is  greatly  alter’d  from  what  it  was  before.  ’Tis,  therefore,  proper 
to  enquire  how  cold  affeCts  bodies,  with  regard  to  their  prefervation  and 
the  deftru&ion  of  their  textures.  But  the  nature  of  particular  bodies,  the 
different  degrees  of  cold  whereto  they  are  expofed,  and  the  different  times 
wherein  the  condition  of  each  is  examined,  muft  here  be  carefully  regard- 
ed : for  we  find  that  a moderate  degree  of  this  quality,  preferves  many 
fubftances  i and  that  glaciation  deftroys  or  prejudices  feveral  others  : tho’ 
while  the  froft  continues  in  them,  it,  almoft  univerfally,  prevents  pu- 
trefaction. 

1 5.  That  a moderate  degree  of  cold,  conduces  to  preferve  the  greateft 
part  of  inanimate  bodies,  is  generally  acknowledged ; nor,  perhaps, 
does  any  degree  of  this  quality  below  freezing,  fpoil  what  is  expofed 
thereto.  “ At  Modena ,”  fays  Bartholin , “ they  lay  up  fnow  in  their  re- 
“ fervatories,  where  I have  feen  them,  during  the  heat  of  fummer,  long 
“ preferve  the  fiefli  of  animals  from  corruption.”  And  Captain  James 
relates,  that  “ on  the  ytb  of  May , he  drew  up  from  under  water,  five 
“ barrels  of  beet  and  pork,  four  buts  of  beer,  and  one  of  cyder,  where,. 

“ tho’  they  had  lain  all  the  winter,  he  found  them  never  the  worfe 
“ for  it.”  He  mentions  it  alfo,  as  a remarkable  thing,  “ that  a cable, 

“ which 
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Physics.  “ which  had  lain  buried  in  ice,  during  the  whole  winter,  was  found,  up- 
cc  on  being  thaw’d  in  June.” 

1 6.  Bartholine , alfo,  relates  from  Sminlerus , that  “a  large  quantity  of 
66  fnow,  falling  from  a part  of  the  Alps,  buried  above  fixty  Switz  foldiers 
44  of  the  company  that  happened  to  be  there,  marching  over  them.  In 
44  which  cafes,  the  bodies  lie  till  the  beginning  of  the  furnmer,  when  the 
44  fnow,  being  fomewhat  diffolved,  they  are  found  frefh  and  uncorrupted. 
44  And  of  this,”  adds  he,  44  I my  felf  am  an  eye  witnefs.” 

17.  Many  inltances  might  be  produced  to  ihew  that  moll  inanimate 
bodies,  while  a&ually  froze,  will  difcover  no  putrefaction  ; and  the  thing 
it  felf  feems  reafonable : becaufe,  whether  the  fluid  parts  are  here  wedged 
in  by  the  intruding  fwarms  of  frigorific  atoms,  or  whether  thofe  reftlefs 
particles  that  keep  a body  foft  or  fluid,  are  called  forth  by  the  caufes  of 
glaciation  •,  there  mud  be  an  unufual  reft  in  the  moveable  parts  of  fuch 
fubftances,  as  are  either  the  caufe  or  neceflary  attendants  of  cor- 
ruption. 

18.  An  ingenious  man,  who  had  made  fome  day  upon  the  coads 
of  Sweden  and  Denmark , told  me,  that  dead  bodies  would,  there,  of 
themfelves,  keep  untainted  during  the  frody  feafon  * that  is,  for  three 
or  four  months  together.  Bartholine  informs  us,  that  the  bodies  of  men, 
kill’d  during  the  hard  weather,  remain  diflf  in  the  podure  wherein  they 
expired.  44  After  a great  daughter  of  the  enemy,”  fays  he,  44  in  the 
44  battle  fought  near  our  city,  Feb . 11.  1659.  the  field  was  found  drew’d 
44  with  diff  carcafles,  fome  whereof  fhew’d  anger  in  their  faces,  fome 
44  had  their  eyes  lifted  upwards,  and  others  feemed  threatning  a blow  with 
44  their  lword  ; and  all  lay  in  different  podures.  And  when,  iq  the  fol- 
44  lowing  fpring,  it  began  to  thaw,  an  entire  man  rofe  up  from  the  bot- 
44  tom  of  the  fea,  (that  had  been  frozen)  fitting  on  his  horfe,  and  hold- 
44  ing  fomething  in  his  hand.”  44  Near  fix  months,”  fays  Captain  James , 
44  after  our  gunner  was  dead,  and  committed  to  the  deep,  at  a confidera- 
44  ble  didance  from  the  place  we  were  now  in.  May  18.  our  mader  efpied 
44  his  corps  in  the  ice  under  the  gun-room  ports ; whence  having  dug  him, 
44  we  found  his  fcent  no  more  difagreeable,  than  when  fird  thrown  over 
44  board  ; but  his  fiefh  would  flip  up  and  down  his  bones,  like  a glove 
44  on  a man’s  hand.” 

19.  Some  Englijh  relate,  as  we  find  in  Purchas , of  the  Samejeds , 
44  that  they  buried  their  dead  on  the  fides  of  the  hills,  and  raifed  a 
“ pile  of  dones,  fo  loofely  over  them,  that  the  bodies  appear  thro’^ 
4 4 but  the  air  is  fo  piercing,  that  it  keeps  them  from  putrefaction.” 
The  fame  author  fays,  in  the  defcription  of  JJleland , 44  that  the  method 
44  of  managing  fifh  there,  is,  having  fird  taken  out  their  bones  and 
44  bowels,  to  throw  them  on  heaps  in  the  open  air ; the  purity 
44  whereof  is  fuch,  that  they  are  thus  hardned  and  preferved  bet- 
44  ter  than  by  fait.”  The  phyfician  to  the  emperor  of  Rujfia , told  me, 
that  dead  bodies,  if  thoroughly  frozen,  wou’d  with  them  continue 

uncorrupted 
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imcorrupted  till  the  thaw,  tho’  it  happened  not  for  four  or  five  months  Ph  vs i cs. 
after  the  death  of  the  perfon  : he  added,  that  he  had  received  the  veni-  — v — -J 

fon  of  elks,  at  Mofcow , untainted,  tho*  it  came  without  fait,  fome 
hundred  of  leagues  *,  and  that  all  flefti,  when  well  frozen,  would  re- 
main fweet  for  a very  long  time  *,  that,  when  kept  congealed  too  long, 
it  grew  dry  and  infipid,  and  would  not  afford  fo  good  broth  as  meat 
that  had  never  been  frozen  *,  and  that  if  leifurely  thaw’d,  it  receives 
far  lefs  damage,  and  will  roaft  well  *,  but  if  laid  to  the  fire  be- 
fore ’twas  uncongealed,  it  wou’d  neither  roafi  nor  eat  tolerably,  but  con- 
tinue raw  in  the  middle,  tho’  kept  there  turning  ever  fo  long  upon 
the  fpit. 

’Tis  farther  remarkable,  what  the  merchants  of  Copenhagen , who  trade 
to  Spitzberg , in  Greenland , relate,  “ that  the  extreme  cold  of  thofe  parts,. 

<c  will  fuffer  nothing  to  putrefy  or  corrupt ; fo  that  corps  there,  continue 
“ found  and  entire  for  thirty  years  after  burial.” 

20.  Whilfl  bodies  remain  frozen,  the  cold,  probably,  by  preventing 
that  irregular  motion  and  avolation  of  their  particles,  whence  corruption 
proceeds,  may  keep  its  pernicious  effedls  from  appearing  *,  but  when  once 
that  impediment  is  removed,  many  fubflances  immediately  difcover  a dif- 
compofure  of  their  texture  thereby  occafion’d,  This,  in  fome  cafes, 
will  be  manifefl  to  the  fight : thus  by  freezing  an  ox’s  eye,  the  cryftal- 
line  humour  lofes  all  its  tranfparency,  and  appears  perfectly  white  through- 
out. The  perfon,  alfo,  who  made  the  experiment  with  the  two  frozen 
cheefes,  obferved  both  of  them  to  be  manifeftly  impaired  by  the  cold  ; tho’ 
one  much  lefs  than  the  other. 

21.  “ The  Dutch  failors  likewife,’*  fays  Gerat  de  Veer , “ when  they 
“ winter’d  in  Nova  Zemhla , had  their  ftrong  beer  fo  frozen,  that  they  were 
<c  obliged  to  melt  it  for  ufe  ; the  fpirituous  part  whereof  being  fluid,  like 
“ yeafl,  and  too  fiery  to  be  drank  alone,  they  mixed  it  with  the  difiolved 
“ ice,  which  neither  then,  nor  before,  had  any  fcrength  or  tafte,”* 

And  Captain  James  relates,  that  cc  having  in  his  cold  ftation,  referv’d 
“ fome  Alicant  wine,  till  the  fpring  ; v/hen,  mixing  it  with  water,  it 
“ made  but  a very  weak  liquor ; having  loft  its  virtue,  by  being 
“ frozen.” 

The  Rujfian  emperor’s  phyfician  inform’d  me,  that  when  fome  very 
ftrong  French  claret,  that  was  frozen,  came  to  be  thaw’d,  he  found  its 
colour  tolerable,  and  the  liquor  very  little  impaired  ; that  a weaker  fort, 
by  this  means,  loft  its  colour,  and  became  much  worfe  ; but  that  the  third 
part  of  them  remained  uncongealed  : whence  the  cold,  whereto  they  were 
expofed,  appears  to  have  been  nothing  near  fo  violent  as  that  experienced 
by  the  Hollanders  and  Captain  James.  The  fame  phyfician,  likewife, 
told  me,  that  having  a quantity  of  ftrong  beer,  in  great  part  frozen,  he 
found  the  ice  to  retain  fome  tafte  of  the  hops,  tho’  it  feemeddifpirited,  like 
phlegm. 


22.  A. 


"Experiments  and  Obfervations  upon  Cold. 

22.  A man  of  learning,  told  me,  that  fn  a Northern  country, 
lefs  cold  than  Mufcovy , he  ohferved  fome  beef,  which,  having  been 
very  long  frozen,  was  almpft  infipid  when  it  afterwards  came  to 
be  eaten  ; and  that  the  broth  it  afforded  was  little  better  than  com- 
mon water. 

23.  I defigned,  but  wanted  opportunity,  to  try  whether  fome  par- 
ticular plants  and  parts  of  the  Materia  Medica , with  whofe  fpecific  vir- 
tues I was  acquainted,  would  loofe  their  refpedlive  qualities  by  a tho- 
rough congelation,  and  different  methods  of  thawing  ; as  whether,  for 
inftance,  thaw’d  hart’s-horn,  the  quantity  and  ftrength  of  whofe  fait  and 
(aline  fpirit  fhould,  before  its  freezing,  be  tried  by  diflillation,  wou’d, 
after  having  been  long  congealed,  yield,  by  the  fame  treatment,  a like 
proportion  of  thofe  fubftances.  We  had,  alfo,  thoughts  of  making  ex- 
periments with  amber  and  load-ftones,  to  fee  whether  the  moft  intenfe 
degree  of  cold,  long  continued,  would  affedt  the  attractive  faculty  of  the 
former,  and  the  attractive  and  directive  virtue  of  the  latter. 

24.  Credible  teftimonies  are  not  wanting  to  (hew,  that  intenfe  cold  may 
have  very  confiderable  effeCts  upon  the  texture,  even  of  folid  and  durable 
bodies.  ’Tis  commonly  allowed,  that  mens  bones  are  more  apt  to  break, 
by  falls,  in  frofty  weather,  than  at  other  times ; and  ’tis  ufually  found 
that  the  fteel  laths  of  crofs-bows,  are  render’d  fo  brittle  by  cold,  that 
more  than  ordinary  care  is  required  to  prevent  their  fnapping  in  the  win- 
ter : and  I am,  alfo,  inform’d  by  an  ingenious  overfeer  of  buildings, 
that  thofe  who  deal  in  timber,  find  it  cleaves  more  eafily  in  hard,  than 
in  open  weather.  But  thefe  effeCbs  of  cold,  are  trifling  to  what  may  be 
met  with  in  more  intemperate  regions. 

25.  Captain  James  fays  of  the  timber  he  ufed  in  Charlton- Ifland,  “ that 

every  piece  was  thaw’d  in  the  fire,  before  the  carpenter  cou’d  work  it ; 

46  and  that  they  were  obliged  to  thaw  the  (landing  trees,  in  the  fame 
« manner,  before  they  could  fell  them.” 

26.  Two  different  perfons  alfo  aflured  me,  that  in  extreme  frofty 
weather,  they  had  obferved  the  timber  of  the  wooden  houfes  in  Muf- 
covy, to  crack  with  a loud  and  furprizing  noife,  but  efpecially  in  the 
night. 

The  above-mentioned  phyfician  told  me,  that  the  ftones  ufed  for  build- 
ing in  Rujfia , were  frequently  reduced  to  duft  by  the  cold ; and  that  he 
had  often,  in  fharp  frofts,  efpecially  if  unattended  with  fnow,  heard, 
during  the  night,  the  trees  cleave  and  crack  with  a frightful  noife  ; that 
the  out-fide  of  the  fir-trees,  ufed  in  their  buildings,  fometimes  did  the 
like  *,  and  that  both  of  them  would  thence  receive  large  gaping  clefts, 
which  continued  till  the  thaw  *,  when  they  would  clofe  up  again  of  them- 
felves. 

27.  And  a phyfician,  who  lived  for  fome  years  in  one  of  the  coldeft 
plantations  of  the  TVeft-Indies , aflured  me,  he  had  found  the  bricks  he 
employ’d  in  building,  very  apt  to  fpoil  by  the  long  and  vehement 

frofts 
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frofts  tf  the  winter  there.;  and  ’twas  ufual,  he  faid  for  the  brick-houfes  ofPHysies. 
thefe  parts  to  decay  ranch  fooner  than  ours ; which  he  attributed  to  the 
exceffive  cold  of  the  climate,  that  crumbles  the  bricks,  and  moulders 
them  away.  This  may  feem  the  more  credible,  fuppofmg  no  defedb  in 
the  bricks,  if  what  a -learned  and  credible  author  relates  be  true,  as  to  the 
power  which  freezing  cold  had  to  break  even  folid  marble.  Nay,  Olam 
Wormius  declares,  that  even  brafs  inftruments  have  been  broken  by  the 
cold.  And  to  this  we  may  add,  that  the  Dutch , in  their  ftay  at  Nov.c > 

Zembla , found  fome  of  their  beer  barrels,  with  the  iron  hoops  of  others, 
frozen  to  pieces  : tho’  this  effect  was  not,  perhaps,  immediately  owing  to 
the  froft,  but  the  expanfion  of  the  liquor  in  the  veffels. 

28.  General  Drummond  affures  me,  he  has  feen  ponds  frozen  ftrong  e- 
nough  to  allow  cannon  to  pafs  over  the  ice  thereof,  while  they  yet  con- 
tain’d plenty  of  live  filh,  which,  if  caught  and  packed  up  immediately, 
wou’d,  of  themfelves,  continue  fweet  for  about  a month.  ’Twas  remark- 
able here,  that  the  fifh,  being  drawn  out  of  the  water,  and  expofed  to 
the  cold  air,  were  immediately  frozen  as  ftiff  as  a board  ; when,  faid  he, 
if  they  had  been  thaw’d  by  a fire,  that  would  have  quite  fpoiled  them : 
and  flefh,  by  the  like  treatment,  becomes  incredibly  hard  and  tough ; but 
both  being  kept  in  cold  water,  they  will  there  thaw,  become  tender,  and 
fit  for  dreffing ; tho’  in  thawing  them,  the  General  had  not  obferved  them 
to  acquire  a coat  of  ice.  The  fame  perfon  farther  told  me,  he  had  fre- 
quently feen  men  with  their  nofes  and  upper  part  of  their  cheeks  frozen, 
while  they  themfelves  were  not  aware  of  it : the  remedy  for  this,  he  laid, 
was  to  rub  the  frozen  parts  with  fnow ; a warm  room,  being  carefully  a- 
voided  before  its  application.  In  Lapland , it  feems,  they  have  another 
prefent  remedy  to  reftore  frozen  limbs,  by  anointing  them  with  the  fat  of 
toafted  cheefe  made  of  deers  milk.  But  the  other  is  the  general  pradlice 
in  Ruflia,  as  I am  inform’d  by  the  phyfician  to  the  Emperor  of  that  coun- 
try; and  the  Do&or  told  me  he  had  difcourfed  with  a man,  who  in  his 
youth  was  frozen  all  over,  by  quitting  his  fled,  and  ufing  exercife  ’till  he 
almoft  fweat;  and  then  returning  to  the  fled  again:  and  ;hus  he  might 
eafily  have  died,  had  not  the  company  accidentally  obferved  his  condition 
(for  the  perfon  who  is  froze,  feldom  finds  it  himfelf ) and  rubbed  him  over 
with  fnow.  He  told  the  Dodtor,  that  during  the  whole  time  of  his  being 
thus  affedted,  he  felt  no  pain  ; but  as  he  recovered,  perceived  fuch  a kind 
of  pricking  as  happens  in  a part  benummed  by  leaning  upon  it. 

29.  ’Tis  the  cuftom  in  Ruffia , to  thaw  their  frozen  fifh  before  they  drefs 
it,  by  letting  it  lie  in  cold  water,  ’till  cover’d  with  ice,  which  having 
taken  off,  they  lay  it  in  other  water,  and  again  take  off  the  ice  ; and  this 
they  repeat,  ’till  no  more  ice  appears. 

30.  A phyfician  of  my  acquaintance,  having  purchafed  fome  Malaga 
fack  at  Mofcow , which  was  drawn  from  a frozen  hogfhead  of  the  fame 
liquor,  it  proved  much  better  and  ftronger  than  was  expedled ; but  the 
remaining  part  of  the  ice  being  thaw’d,  was  little  more  than  phlegm. 

Vo-l. -I.  I i i i The 
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Physics.  The Doftor,  alfo,  obferved,  the  like  to  happen  in  fome  other  liquors: 
w— he  did  not,  however,  find  that  the  fpirituous  part  always  retired  to 
the  center  of  the  vefifel,  but  that  it  lay  fometimes  interfperfed  among 
the  ice. 

31.  Some  failors  having  left  a barrel  of  ftrongbeeron  fhore  in  Green- 
land, found  it  at  their  return  thither,  the  year  following,  very  hard  fro- 
zen *,  but  running  a heated  fpit  into  the  middle  of  the  ice,  there  iffued 
out  a turbid  liquor,  that  was  exceeding  ftrong  and  fpirituous,  whilft  the 
frozen  part  was  almoft  infipid. 

32.  General  Drummond  acquaints  me,  that  the  French , and  fometimes 
alfo  the  Spani/h  wines,  yearly  brought  from  Archangel  to  Mofcow , are  fo 
frozen  at  their  arrival  thither,  that  the  owners  are  obliged  to  ftave  the 
cafks,  cleave  the  ice  with  hatchets,  and  fend  it  away  in  jars  j and  when 
this  is  defign’d  to  be  reduced  to  liquor  again,  they  place  it  in  another 
cafk,  and  bury  it  deep  in  ice  or  fnow,  where  it  gradually  thaws,  with- 
out receiving  much  damage. 

X. 


Experiments 
relating  to  the 
expanflon  of 
'water,  and 
aqueous  fluids 
in  freezing. 


1.  That  water  and  other  fluids  are  condenfed  by  cold,  in  proportion 
to  the  degree  wherein  that  quality  aftedts  them,  has  been  generally  al- 
low’d ♦,  till  fome  fpeculative  men  of  late,  queftion’d  the  truth  hereof,  up- 
on account  of  the  levity  of  ice,  and  maintained  that  body  to  be  not  con- 
denfed, but  rarified  water. 

2.  And,  indeed,  if  in  our  method  of  freezing  water,  from  the  bottom 
upwards,  a bolt-head,  fill’d  till  the  fluid  reaches  into  its  ftem,  be  em- 
ploy’d, the  ice  will  afcend  much  higher  than  the  water  did  before  it  was 
froze  *,  and  upon  the  gentle  thaw  of  that  ice,  the  fluid  it  turns  to,  will 
defcend  to  the  height  it  flood  at,  before  its  congelation  began. 

3.  There  are  other  ways  to  manifeft  the  expanfion  of  water  by  freez- 
ing. Having  poured  a proper  quantity  of  water  into  a ftrong  cylindri- 
cal earthen  vefiel,  we  expofed  it,  uncovered,  both  to  the  open  air  in 
frofty  nights,  and  the  operation  of  fnow  and  fait  j and  obferved  that  the 
ice  produced  in  both  cafes  reached  higher  than  the  water  before  ’twas 
froze.  And  if  a concave  cylinder,  made  of  any  compact  matter,  be 
flightly  ftop’d  at  one  end  with  wax,  and  filled  with  water  at  the  other, 
and  then  that,  alfo,  be  clofed  in  the  fame  manner  j if,  I fay,  this  pipe 
be  fufpended  in  air  fufliciently  cold,  the  contain’d  water  will  be  froze, 
and  the  floppies  at  both  ends,  or  at  lead  at  one,  will  be  thruft 
out  •,  and  a rod  of  ice  appear  thereat,  in  continuation  with  the 
tube. 

4.  Having  caufed  fome  large  ftrong  bottles  to  be  fill’d  with  a congeala- 
ble  liquor,  (excepting  their  necks  which  contain’d  fallet  oil,)  I obferved 
that,  during  a very  long  and  lharp  froft,  the  contain’d  water  was  fo 
far  expanded  by  congelation,  that  it  not  only  thruft  the  corks,-  but 
the  congealed  oil,  together  with  the  frozen  water,  out  of  the  necks  *, 

while 
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while  there  appeared,  above  the  upper  part  of  the  bottles,  cylinders,  ie-pHYSIC 
veral  inches  in  height,  confining  partly  of  concreted  oil,  and  partly  of 
congealed  water,  with  the  corks  on  their  tops. 

5.  But  ’tis  faid,  in  defence  of  the  vulgar  dodtrine,  that  the  cold  of 
the  external  air,  contracts  what  is  contain’d  in  the  glaffes,  when  they 
break  in  frofty  weather,  and  burfts  the  fides  thereof,  to  fill  the  fpace 
deferted  by  the  fhrinking  of  the  internal  fluid;  for  fear  a vacuum 
fhould  be  left  in  the  glafs.  The  preceeding  experiments,  however,  may 
ferve  to  fhew  the  contrary  : and  tho’  veffels  only  half  filled  with  water 
are  often  burfl  by  this  means  *,  we  have  fufRciently  accounted  for  that 
phenomenon,  without  the  help  of  a Fuga  vacui , or  the  weight  of  the 
external  air,  by  the  bare  expanfion  of  the  contain’d  liquor  ; the  gla- 
ciation whereof  begins,  as  we  have  formerly  faid,  at  the  top ; where 
the  ice  firft  ftrongly  prefles  againfl  the  Tides  of  the  glafs : whence  the 
water  is  prefled  between  that  and  the  bottom ; and  confequently  by  its 
expanfive  force  in  freezing,  burfts  the  including  vefiel,  if  it  make  not 
a proportionable  refiftance.  But  farther,  if  water  be  frozen  in  a broad 
veflel,  that  is  too  ftrong  to  yield  to  the  force  of  the  froft,  the  furface  of 
the  ice  contiguous  to  the  air,  will  rife  convex ; the  expanfive  power  of 
the  fluid  prevailing  there  more  than  againfl  the  fides  or  bottom  of  the 
veflel.  And,  laftly,  having  carefully  fealed  three  very  light  and  thin 
glafs  bubbles,  of  different  fhapes  and  fizes,  whilft  the  air,  within  them, 
was  of  a convenient  temper,  we  expofed  them  fometimes  to  very 
frofty  weather,  and  at  others,  to  a mixture  of  fnow  and  ice ; but  could 
not  perceive,  that  any  of  them  were  fo  much  as  crack’d  thereby  •,  fo 
that  if  the  included  air  was  here,  according  to  the  popular  notion  con- 
denfed,  the  fpace  it  deferted  was  a vacuum  ; whence  confequently  the  bub- 
bles would  have  been  broke. 

6.  Having  filled  fe veral  long  vials  to  the  lower  part  of  their  necks 
with  common  water,  and  left  them  all  unftopp’d ; not  only  one  of  them 
that  I ftir’d  up  and  down  in  a mixture  of  ice,  fait,  and  water,  was 
fuddenly  broken  upon  the  congelation  of  the- contained  water  •,  but  ma- 
ny others  that  were  expofed  to  freeze  more  leifurely  in  the  air,  were  like- 
wife  broken  to  pieces  by  the  expanfion  of  the  freezing  water  ; as  appear- 
ed both  by  the  gaping  cracks,  and  becaufe  the  ice  was  confiderably  rifen 
in  the  necks,  above  the  former  ftations  of  the  water ; and  if  it  had  been 
more  eafy  for  the  included  water  to  gain  room,  either  by  ftretching  the 
glafs,  or  leaving  the  fuperficial  ice  congealed,  at  firft,  in  the  neck,  or  by 
both  thefe  means  together,  than  to  break  the  vial,  it  would,  probably, 
have  remain’d  entire. 

7.  Not  only  water,  but  other  moift  bodies  expand  by  cold.  When 
upon  expofing  eggs  to  a fufficient  degree  of  this  quality,  the  contained 
moifture  was  turned  to  ice,  it  burfl  the  fhells  afunder,  and  occafioned 
many  gaping  cracks  therein. 

8.  Milk,  urine,  and  Rhenijh  wine,  being  feverally  expofed  in  glafs- 
•eggs,  to  freeze,  they  were  not  obferved  to  fubfide  before  they  rofe 
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the  urine  began  to  (well  much  later  than  the  other  two,  tho\  at  length,  k 
afcended  much  higher  than  they  ; the  wine  rofe  an  inch  above  its  mark,, 
milk  two,  and  the  urine  fix  crfeven. 

9.  We  poured  a flrong  folution  of  Dantzick  vitriol,  into  a cylindri- 
cal tube,  fealed  at  one  end,  till  it  rofe  to  the  height  of  fix  or  eight  inches 
therein;  then  freezing  it  with  fnow  and  fait,  the  liquor  became  very 
opake,  and  appeared  as  if  it  had  been  wholly  turned  into  vitriol,  ex- 
cept a little  that  remained  at  the  bottom,  tranfparent  and  fluid  ; while  the 
ice  here  rofe  confiderably  higher  than  the  folution  did  before  congelation. 
’Twere  worth  trying  whether  even  firm,  folid  bodies,  would  not  dilate 
$ith  a fomewhat  exceflive  cold.  The  invifrble  moifture  in  the  air,  before 
rainy  weather  happens,  apparently  alters  the  dimenfions  of  doors,  win- 
dow-fhuts ; arid  fuch  wooden  work  as  has  not  been  well  feafoned.  Much 
more  water  is  ufed  to  make  bread  than  what  exhales  in  the  oven,  yet 
the  remaining  wkter  is  invifible ; and  thus,  hart’s-horn,  fpunge,  and 
many  other  dry  bodies,  afford,  by  diflillation,  plenty  of  phlegm,  which 
cannot  be  wholly  attributed  to  the  operation  of  the  fire  upon  them. 
Stick  confiderations  make  it  probable,  that  the  moifture  actually  exifting 
in  folid  bodies,  may  difpofe  them  to  fwell  in  freezing.  This  experiment, 
carefully  made,  might  give  light  to  the  flrange  phenomenon,  obferved 
by  the  Dutch  in  Nova  Ze'mhla , where  their  clock,  fays  Gerat  de  Vecr% 
was  fo  frozen  by  the  cold,  that  an  additional  weight  would  not  make  it 
go.  And  the  fame  thing  is  related  by  Captain  James , to  have  happened 
both  to  his  clock  and  watch  *,  tho’  they  were  conflantly  wrapped  up,  in  a 
chefl  that  flood  by  the  fire  fide.  This  effedt,  indeed,  might  poffibly  pro- 
ceed from  other  caufes ; but  if,  as  we  formerly  obferved,  the  frofl  can 
get  into  metals,  it  may  alfo  diftend  them  ; from  whence,  in  this  cafe,  that 
correfpondence  between  the  parts  of  the  clock,  that  is  neceffary  to  its  mo- 
tion, may  be  deftroy’d  : thus  I have  feen  the  exadl  parts  of  an  iron  in- 
flrumerit,  would  by  no  means  fall  in  with  each  other,  when  expanded  by 
heat. 


10.  Having  almoft  filled  a bolt-head,  whofe  fie  rh  was  purpofely  drawn 
very  flender,  with  water,  and  placed  it  'in  a mixture  of  fait  -arid  ice, 
the  water  immediately  appeared  to  be  a very  little  deprefs’d ; tho’  it 
afterwards  fell  no  lower,  nor  exhibited  any  other  phenomena  of 
freezing  water,  except  that  when  the  fluid  began  to  congeal  at  the 
bottom,  it  had  a rflanifeflly  quick  afcerit.  We,  therefore,  caufed  the 
bolt-head  to  be  made  with  its  fpherical  cavity  3 4 inches  in  diameter,  and 
ilem  no  thicker  than  a raven’s  quill  ; and  filling  this  to  a proper  height 
with  water,  we  obferved  upon  immerfing  the  glafs  in  the  fame 
Idnd  of  mixture,  that  the  water  Mftantly  afcended  the  length  of  a 
barley-corn  in  the  flem,  with  the  utmofl  velocity;  after  which,  t-fle 
water  flowly  fubfided  again  to  rts  former  flation  : which  agrees  very 
well  with  the  fuppofition  of  the  Florentine  virtbofi,  who  imagine  fo 
fudden  a change  mull  proceed  From  the  ^contradion  of  the  containing 
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glafs.  But,  upon  repeating  this  experiment  feveral  times,  we  could  not  Physics. 
find,  what  they  obferved  at  Florence , that  the  water  was  confiderably  de-  v— 
prefs*d  foon  after  its  firft  fubfiding,  before  it  began  to  rife  ; tho*  I have 
formerly  found  water  to  fuffer  fome  degree  of  condenfation  by  the  adtion 
of  a frigorific  mixture,  before  it  began  to  yield  any  ice.  We  farther  ob- 
ferved in  this  experiment,  that  after  the  finking,  or  immediately  upon 
the  firft  rife  of  the  water,  the  furface  refted  a while  in  the  fame  place, 
till  the  upper  part  of  the  water  began  to  afcend  by  reafon  of  the  glacia- 
tion of  the  lower  ; but  this  paufe  was  very  uncertain  in  its  duration,  ac- 
cording to  the  different  ftrength  of  the  adtion  of  the  mixture  on  the  ad- 
jacent water.  The  fluid  beginning  to  freeze  here,  rofe  with  a furprizing 
velocity  up  the  ftem  •,  fo  that  in  the  fpace  of  a minute,  it  would  often 
flioot  to  the  height  of  feveral  inches  ; and  would,  probably,  have  rifen 
much  higher,  if  the  ftem  had  been  of  a fufficient  length.  In  all  the  re- 
petitions of  this  experiment,  I never  faw  any  confiderable  intumefcenee 
of  the  water  immediately  precede  glaciation  ; but  the  afcent  of  the  fluid 
was  always  attended  with,  if  not  preceded  by  the  adlual  freezing  of  fome 
parts  of  the  water  that  lay  neareft  the  mixture : which  I take  to  be  the 
caufe  of  this  phenomenon.  But  fo  fmall  a degree  of  glaciation  is  requi- 
red to  make  the  fluid  fenfibly  rife,  that  it  requires  attentive  eyes  to  dis- 
cover it.  Laftly,  we  remarked  with  pleafure,  that  if  the  glafs  in  this 
experiment,  were  immediately  taken  out  of  the  mixture,  after  the  water 
began  to  afcend  *,  the  very  thin  film  of  ice  would  be  fuddenly  thaw’d 
hereby,  and  the  liquor  begin  again  to  fubfide  in  lefs  than  half  a minute  ; 
but  upon  replacing  it  in  the  ice  and  fait,  immediately  after  the  diffolution 
t>f  the  films  of  ice,  the  liquor  began  again  to  freeze  in  an  inftant  : fo 
that  ice  has  fhot  up  into  the  ftem,  in  the  fpace  of  half  a minute  from 
its  return  ; and  withift  a minute  and  a half  more  the  cavity  of  the  fphe- 
rical  part  has  appeared  filled  therewith. 


/ 


XI. 


1.  It  muft  not  be  univerfally  concluded  from  the  preceding  experi-  Experiments 
ments,  that  all  liquors  will  expand  by  any  degree  of  cold  whatever  ; for  relating  to  the 
in  our  trials  with  fpirit  of  wine.  Aqua  fort  is , oil  of  turpentine,  and  other  c™traai°n  °f 
liquors,  that  we  could  not  bring  to  freeze,  the  contrary  appeared-,  asquots  yco  * 
alfo  in  oil  congealed  by  cold  fo  that  a great  difference  ought  to  be 
allowed  between  water  and  aqueous  liquors  on  one  fide,  and  oil,  and  fe- 
veral other  oleaginous,  highly  fpirituous,  or  corrofive  fluids  on  the  other, 

as  to  the  change  of  their  dimenfions  by  cold.  We  have  not,  however, 
made  a fufficient  number  of  experiments  to  reduce  this  matter  to  a cer- 
tainty ; but  this,  in  the  general,  may  be  faid,  we  remember  no  fenfi- 
~ble  expanfion  produced  in  any  * liquor,  by  cold,  but  rather  ..a  manifeft 
condenfation,  unlefs  it  were  a&ually  froze. 

2.  Upon  fu-rrounding  fpirit  of  wine,  contained  in  a.  fmall  glafs  egg, 
furnilhed'  with  a very  [lender  ftem,  with  a mixture  of  ice  and  fait,  for 
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feveral  hours  •,  it  froze  not  at  all,  but  gradually  fubfided,  the  length  of 
i inch  in  the  Idem;  and  tho’  it  afterwards  feemed  to  rife  a little,  yet 
it  never,  during  that  time,  afcended  to  its  firft  (ration. 

3.  Pouring  mercury  into  a bolt-head,  till  it  reached  pretty  far  into 
die  neck,  which  was  purpofely  made  more  (lender  thin  ordinary,  purg- 
ing it  of  the  air  it  contained,  and  placing  it  in  a mixture  of  ice  and 
fait ; the  cold  aflfe6bed  it  fo  much,  that  we  difcerned  it  to  move  down- 
wards the  length  of  two  inches  in  the  neck  : which  great  defcent  can- 
not pofiibly  be  attributed  to  the  contraction  of  any  remaining  air  ; tho’ 
it  had  thereby  been  reduced  to  a point.  We  found,  alfo,  that  the  mer- 
cury, tho’  not  frozen  by  this  means,  retained  part  of  its  acquired  cold, 
for  many  hours  after  ; for  it  continued  below  its  original  ftandard,  tho* 
kept  all  night  in  a warm  room. 

4.  We  poured  common  oil  into  a fmall  glafs-egg,  with  a (lender  (tern, 
till  it  rofe  confiderably  above  the  oval  part  of  the  glafs  ; then  placing  a 
mark  at  the  ftation  of  the  fluid,  we  fet  the  veflfel  in  fnow  and  fait ; where-, 
by  it  fubfided,  till  it  became  quite  congealed  ; when  it  appeared  fhrunk 
above  an  inch  below  the  mark,  whereto,  upon  being  thaw’d,  it  re-af- 
cended. 

5.  This  experiment  was  repeated  with  nearly  the  fame  fuccefs ; but 
we  now  found,  that  if  the  glafs  were  removed  from  the  mixture  to 
any  place  near  the  fire,  the  oil  not  only  thaw’d,  but  afcended  above 
the  mark.  For  a third  experiment,  we  fealed  up  the  oil  in  the  fame 
glafs,  which  gave  us  ftill  the  fame  phenomenon.  That  the  congeal- 
ed oil  was  here  really  condenfed,  appeared  from  its  finking  in  the 
fame  kind  of  oil  cold  and  unfrozen  ; notwithftanding  the  feveral  bub- 
bles of  air  that  ufually  adhered  to  each  lump,  wherewith  we  made  the 
experiment.  This  was  not  only  tried  with  oil,  congealed  by  fnow  and 
fait,  but  with  fome  lefs  frozen  by  the  bare  cold  of  the  open  air  ; but 
the  latter  appeared  to  fink  more  (lowly  than  the  former  *,  and  lumps  of 
it  would  not  continue  under  fack,  or  claret,  but  if  thruft  down  here- 
in, prefently  emerged. 

6.  Whether  chymical  oils,  tho’  they  alfo  (brink  with  a moderate 
degree  of  cold,  will  contract  or  expand  by  freezing,  we  cannot  deter- 
mine ; the  higheft  degree  of  cold  we  could  procure,  proving  infuffici- 
ent  to  congeal  them  : but  furrounding  a fhort  glafs  pipe  full  of  liquid  oil 
of  anifeeds,  with  ice,  obtained  in  a warm  feafon,  we  obferved,  when  it  had 
hereby  loft  its  fluidity,  ’twas  confiderably  funk  below  its  former  height. 

7.  We  alfo  made  the  experiment  with  the  empyreumatical  oil  of  guaia- 
cum,  by  expofing  it,  in  veflTels  of  a proper  fhape,  to  the  greateft  de- 
gree of  cold  we  could  produce  ; but  it  did  not  thereby  lofe  its  fluidity, 
only  fhrunk  very  manifeftly. 

8.  We  immerfed  two  fealed  weather-glafies,  (filled  the  one  with  fpirit 
of  wine  tinged  with  cochineal,  the  other  with  a blue  mixture  of  the 
fpirit  of  human  blood,  copper,  and  fpirit  of  wine)  in  water,  till  it  began 
to  freeze  j when  removing  the  glafies  into  oil  of  turpentine,  furrounded 
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with  fnow  and  fait,  the  liquors  of  both  thermometers  confiderably  fub- Physics. 
Tided,  and  the  blue  one  above  half  an  inch  ; whence,  by  the  way,  it  -V— ^ 
farther  appears,  that  the  air  can  impart  a greater  degree  of  cold 
than  is  required  to  freeze  water,  or  than  ice  itfelf  will  always  com- 
municate. 

9.  Efiential  oil  of  anifeed  being  poured  into  a round  glafs  fitted 
with  a ftem,  ’till  it  refted  at  the  height  of  five  inches  above  the  ball, 
we  placed  the  glafs  in  a veffel  of  water  made  cold  by  fal-armoniac  ; 
whereby,  when  the  oil  was  coagulated,  almoft  like  Sperma  Celiy 
its  upper  furface,  we  found,  had  fhrunk  three  inches  below  the  mark  it 
firft  ftood  at : and  the  oil,  when  thus  congealed,  notwithftanding  the 
many  bubbles  of  air  it  then  contain’d,  wou’d  fink  in  water,  tho’  when 
liquid  it  floated  thereon. 


XII. 

1.  What  gave  the  moderns  their  firft  hint,  to  fufpedt  water  to  b z Experiments  in 
expanded  by  freezing,  was  the  floating  of  ice  upon  water  ; which  is  moft^*M 
vifible  in  large  quantities  of  that  concrete:  for  in  fmall  fragments  ^^/uppofed9 
will  fometimes  rife  but  very  little  above  the  furface  of  the  fluid;  tho’  caufe  of  levity 
failors  complain,  that,  in  the  frozen  feas,  they  often  meet  with  floating  in  ice. 
rocks  of  ice,  as  high  as  the  mafts  of  their  fhips.  Now,  in  cafe  the 

ice  be  folid,  and  not  compofed  of  feveral  fragments  cemented  together, 
fo  as  to  leave  large  cavities  filled  with  air,  ’twou’d  be  eafy  to  determine 
a priori  its  height  above  the  water  ; fuppofmg  circumftances  as  they 
ftand  with  us  : for  a prifm  of  ice  floating,  eredt,  in  frefh  water,  wou’d, 
according  to  our  experiments  of  the  expanfion  of  water  by  freezing, 
have  its  immerfed  part  eight  or  nine  times  longer  than  its  extant. 

2.  Pieces  of  clear  ice,  apparently  free  from  bubbles,  wou’d  not,  in 
our  trials,  fink  in  fpirit  of  wine,  of  the  firft  diftillation  from  brandy, 
and  floated  in  that  drawn  from  quick-lime  ; but  if  the  fpirit  were  well 
warm’d,  ’twou’d  fink  ; and  fometimes  flowly  emerge,  or  remain  fuf- 
pended,  as  the  liquor  grew  cold  again  ; whiift  the  ice,  thaw’d  by  the 
heat,  ftream’d  vifibly  thro’  the  lighter  fpirit  : common  water,  however, 
tho’  heated  very  hot,  fuftain’d  the  fragments  of  ice  put  into  it,  which 
in  oil  of  turpentine,  or  thrice  redtifled  fpirit  of  wine,  funk  like  a 
ftone. 

3.  That  the  levity  of  ice',  compared  with  water,  proceeds  from  the 
bubbles  of  included  air,  which  caufe  it  to  poflefs  more  fpace  when 
congealed,  than  when  fluid,  is  evident  from  its  texture.  But  if  this 
alone,  be  the  caufe  hereof,  many  minute  bubbles,  invifible  to  the  na- 
ked eye,  muft  be  contain’d  in  ice  •,  for,  altho’  numerous  bubbles  are 
confpicuous  in  forne  parcels  hereof,  and  even  render  them  whitifh  and 
untranfparent  ; yet  ' others  that  were  clear  as  cryftal,  have  been  ob- 
ferved  to  float  on  water.  We,  therefore,  examin’d  fome  of  the  latter 
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fort  with  an  excellent  microfeope  ; but  con’d  not  by  this  means  difeorer 
a fufficient  number  of  bubbles  to  perfuade  us,  that  thefe  alone  were  the 
adequate  caufe  of  the  levity  of  ice.  One  piece,  in  particular,  appear’d 
quite  deftitute  of  bubbles,  when  view’d  with  this  glafs  9 yet,  when 
plunged  under  water,  it  wou’d  prefently  emerge  •,  while  another,  lefs 
clear,  fhew’d  plenty  of  bubbles,  fome  whereof  were  fmall  as  pins  heads, 
and  others  fo  exceeding  minute,  as  to  be  almoft  invifible,  thro*  the  mi- 
crofcope  itfelf.  It  may  be  here  remarked,  what  will  prefently  be  proved, 
that  the  abfolute  weight  of  ice,  and  the  water  that  afforded  it,  are 
the  fame.  Bubbles,  however,  muft,  doubtlefs,  be  part,  if  not  the 
whole  of  the  caufe,  of  the  levity  and  expanfion  of  ice  ; and  therefore, 
their  generation  i^  one  of  the  moft  confiderable  phenomena  of  cold  : 
and  to  find  out  how  thofe  cavities  are  produced,  and  if  perfe6Uy  full, 
what  fubftance  they  contain,  is  no  trifling  enquiry  into  the  nature  of  this 
quality. 

4.  Mr.  Hobbs , with  fome  others,  feems  to  think  the  expanfion  of 
water  by  congelation,  is  caufed  by  a frefh  infinuation  of  the  external 
air,  which  conftitutes  the  bubbles  obferved  in  ice.  But  then,  how  hap- 
pens it,  that  when  oil  is  frozen,  the  admiflion  of  the  air  does  not  ex- 
pand, but  condenfe  it  ? However,  pouring  water  into  a glafs-egg, 
blown  with  a long  Item,  till  ’twas  almoft  fill’d  thereby,  we  fealed  it 
hermetically  to  prevent  any  infinuation  of  the  air  •,  when,  expofing  it 
to  congelation,  the  frozen  water  manifeftly  expanded,  and  fwelled  with 
numerous  bubbles,  which  often  gave  it  a whitifh  opacity.  And,  me- 
talline veffels,  alfo,  being  fill’d  with  water,  and  carefully  ftop’d  did  not 
prevent  congelation,  but  the  cold  expanded  the  liquor,  and  turn’d  it  to 
ace,  with  plenty  of  bubbles. 

5.  ’Tis  very  improbable,  that  bubbles  fhould  be  produced  by  the 
air  contain’d  in  the  glafs,  mixing  with  the  water  that  was  hermeti- 
cally fealed  up,  becaufe,  if  bubbles  muft  caufe  the  expanfion,  how  fhall 
the  water  be  at  firft  expanded  to  reduce  the  air  into  bubbles  ? Be- 
sides, ’tis  certain,  the  air  retains  its  ftation  above  the  water,  and 
keeps  together  in  one  parcel  ; as  we  fhall  fee  hereafter.  Moreover, 
ice  and  bubbles  here  ufually  begin  to  appear  from  the  bottom  of  the 
vefiel  ; in  which  cafe  the  air,  a body  fo  much  lighter  than  water,  can- 
not be  fuppofed  to  force  its  way  thro’  it ; efpecially  fince  it  does  nop 
appear  to  defeend  in  bubbles,  as  is  ufual  where  air  penetrates  water. 
But  where  the  veflfel  is  quite  filled  before?*tis  (topped,  mo  air  can  dive 
into  the  contain’d  water,  becaufe  none  is  left  to  have  *that  effect.  And 
laftly,  if  all  the  bubbles  were  made  of  real  air,  and  fill’d  therewith,  it 
wou’d  emerge  upon  thawing  the  ice  ; and  a quantity  thereof  be  ob- 
tainable, capable  of  filling  the  excefs  of  fpace  poffeffed  by  water,  when 
froze,”  above  what  it  took  up  when  fluid  : whicfl  is  contrary  to  our 
experiments  made  to  that  purpofe.  Upon  trial,  however,  we  find, 

that 
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that  thefe  bubbles  contain  but  little  air  i not  more,  perhaps,  than  ufual- 
ly  lurks  in  the  particles  of  fluids. 

6.  And  that  all  of  them  are  not  filled  with  the  air  originally  con- 

tain’d in  the  water,  appears  from  the  expanfion  of  the  water,  and  the 
quantity  of  fpace  poffefs’d  by  the  bubbles  *,  which  fpace  cannot  be  ade- 
quately filled  with  the  latent  air,  unlefs  the  fame  parcel  of  matter 
cou’d  really  fill  more  fpace  at  one  time,  than  at  another  ; which  feems 
phyfically  impofiible.  But  the  following  experiments  will  give  more 
light  in  this  matter,  (i.)  Having  kept  lair  water  in  an  exhaufled  re- 
ceiver, till  it  afforded  no  more  bubbles,  we  immediately  removed  it 
into  fnow  and  fait,  where  it  continued  for  a confiderable  time,  before 
it  began  to  freeze,  whilff  we  obferved  it  not  to  fwell  near  fo  much  as 
common  water  •,  and  the  ice  was  but  thinly  ftored  with  bubbles  ; tho’  a 
few  very  fmall  ones  appeared  therein,  upon  viewing  it,  placed  between 
the  vigorous  flame  of  a candle  and  my  eye.  (2.)  Part  of  this  fame  ice, 
being  gently  thaw’d,  and  poured  into  a glafs  tube  to  freeze  afrefh,  it 
fwelled  confiderably,  and  burft  the  glafs  *,  the  ice  appearing  opake  with 
bubbles.  (3.)  We  poured  water  into  a fmall  glafs-egg,  till  it  rofe  to  the 
height  of  an  inch  within  the  item,  and  then  placed  it  in  a tall  cylindrical 
receiver  •,  after  a thorough  exhauftion  whereof,  during  which,  the  wa- 
ter leem’d  to  boil  very  confiderably,  and  for  a long  while  together, 
we  removed  the  glafs-egg  into  a veffel  of  ice  and  fait,  and  there  fuf- 
fer’d  it  to  remain  for  twelve  hours,  that  all  the  water,  except  what 
was  in  the  neck,  might  be  perfedtly  froze  *,  at  the  end  of  which  time, 
we  found  it  to  have  i;ifen  far  above  its  original  height  : removing  then 
the  glafs  into  the  open  air,  we  quietly  fuffer’d  the  ice  to  thaw,  whilff 
in  the  external  part  of  the  ice,  near  the  fides  of  the  egg,  we  beheld 
plenty  of  bubbles  ; but  when  this  was  diffolved,  the  reft  of  the  ice 
appear’d  of  a peculiar  and  unufual  texture,  without  any  vifible  bub- 
bles, but  almoft  refembling  a piece  of  frofted  glafs  ; the  parts  cauflng 
the  afperity,  feeming  very  thick  fet  : this  ice,  however,  floated  in  the 
liquor  into  which  the  other  was  melted  *,  and  whilff  a lump  hereof  re- 
main’d, about  the  bignefs  of  a walnut,  we  conveyed  the  egg  back  to 
the  receiver,  which  having  exhaufted,  a few  bubbles,  at  length,  ap- 
pear’d in  the  water ; each  whereof  was  an  hundred  times  lefs  than 

N one  of  thofe,  nrft  taken  notice  of  in  the  fame.  Some  fmall  bubbles 
alfo  here  appear’d  in  the  ice,  which  were  not  perceived  before  *,  but 
it  did  not  diffolve  manifeftly  falter  in  vacuo^  than  in  the  open  air  ; 
but  being,  at  length,  wholly  uncongealed,  we  took  out  the  glafs,  and 
found  the  water  had  fubfided  to  its  original  ftandard,  if  not,  rather, 
a very  little  below  it.  The  expanfion  of  the  ice  was  here  confider- 
able j for  the  water  rofe  3 £ inches  in  the  Item,  tho*  the  whole  quan- 

tity employ’d,  were  but  two  ounces  and  a half. 

7.  We  fill’d  a fmall  cylindrical  tube,  clofed  at  one  end,  with  wa- 
ter, and  thruft  it  into  a wide-mouth’d  glafs  half  filled  with  ice  and 
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Physics,  fait;  then  conveying  all  into  a receiver,  and  pumping  out  the  air,  a 
great  number  of  bubbles  iffued  both  from  the  upper  and  lower  parts 
of  the  water  •,  mod  of  which  broke  into  the  receiver.  Then  finding 
the  engine  to  continue  danch,  and  by  the  fwelling  of  the  higher  part 
of  the  water,  the  under  to  be  frozen,  we  let  in  the  external  air,  re- 
moved the  receiver  before  the  mixture  was  half  melted,  and  found  the 
water  in  the  cylinder,  as  high  as  that  mixture  had  reached,  turn’d  to 
ice,  wherein  were  fome  large  confpicuous  bubbles,  and  fmall  ones  enow 
to  render  it  opake. 

8.  Upon  pouring  water  into  a glafs-egg,  till  it  rofe  to  a certain 
noted  height  in  the  neck,  and  fetting  it  to  freeze  in  a mixture  of  ice 
and  fait,  that  reach’d  within  an  inch  of  its  upper  furface,  we  ob- 
served the  following  particulars.  (1.)  The  water  did  not  fenfibly  fub- 
fide  before  it  began  to  freeze.  (2.)  Within  a quarter  of  an  hour,  it 
began  to  fwell,  and  fome  of  its  parts  that  lay  next  the  fides  and 
bottom  of  the  glafs  were  frozen.  (3.)  In  the  fpace  of  an  hour,  from 
fird  expofmg  the  water  to  freeze,  it  rofe  4 | inches  above  the  mark  ; . 
and  before  ’twas  taken  out,  it  had  afcended  5 i inches  higher  than  the 
fame,  tho’  part  of  the  water  then  remain’d  unfrozen.  (4.)  The  lower 
parts,  only,  of  the  water  were  congealed,  and  not  its  upper  furface. 
(5.)  No  considerable  bubbles,  during  this  great  elevation,  appear’d  irx 
the  unfrozen  parts  of  the  water  •,  but  the  ice  Seem’d  full  of  them  *,  and 
Several,  towards  the  latter  end  of  the  experiment,  were  grown  very 
large  and  differently  figured,  whifd  others  fhew’d  lefs.  (6.)  Upon  ta- 
king out  the  glafs  whild  the  water  was  at  the  highed,  and  pouring 
in  oil  till  it  rofe  two  inches  above  the  former  Surface,  we  nimbly 
Sealed  the  glafs,  during  which  operation  the  water  fubfided  a little  ; 
but  replacing  the  glafs  in  the  mixture,  the  water  Soon  regain’d  its 
former  height,  whild  the  height  of  an  inch  and  half  of  the 
Sealed  glafs  was  unpoffefs’d  by  the  two  liquors.  (7.)  In  thefe  cir- 
cumdances  we  carefully  weigh’d  the  egg,  fird  in  air,  and  then  in 
water,  the  better  to  difcover  if  the  glafs  fhrunk  ; and  whild  it  hung 
balanced  in  the  latter,  the  ice  thaw’d,  and  many  bubbles,  great  and 
fmall,  afcended,  the  former  with  a wrigling  motion,  and  va,  idl’d  at 
the  top.  (8.)  As  the  ice  thaw’d,  the  water  and  oil  aefcended,  till  the 
ivhole  was  diffolved  •,  at  which  time  we  obferved  the  Scales  to  conti- 
nue horizontal  ; and  that  the  water  was  again  fubfided  exadly  to  its 
original  dandard,  notwithdanding  lb  confiderable  an  avolation  of  bub- 
bles. (9.)  Inverting  the  glafs,  we  gently  broke  off  its  Sealed  Slender  end, 
under  water,  part  whereof  being  impeli’d  up,  fenfibly  reduced  the  air 
at  the  oppofite  end  within  narrower  bounds.  (10.)  The  glr  fs  being  again 
inverted  and  held  dill,  the  water  newly  admitted,  togeiner  with  the 
former,  and  the  oil,  poffefs’d  the  fame  places  with  the  water  and  oil 
before  the  glafs  was  Sealed.  (11.)  Ladly,  upon  throwing  out  the  oil, 
and  employing  a little  of  the  fame  water,  occasionally,  we  found  the 

glafs. 
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glafs,  fill’d  to  its  higheft  mark,  weigh’d  4374  grains,  but  when  fill’d  Physics. 
to  the  loweft  mark  4152,  and  when  quite  empty,  only  1032  grains  •, 
fo  that  the  water  contain’d  between  the  higheft  and  the  loweft  mark, 
and  raifed  by  glaciation,  was  about  a fifteenth  part  of  the  whole,  and 
wou’d  probably  have  been  more,  had  the  whole  been  frozen. 

9.  We  poured  water  into  a large  glafs-egg,  till  it  reach’d  an  inch  high 
in  the  ftem  \ then  expofing  it  all  night  to  a mixture  of  fnow  and  fait, 
placed  below  the  bottom  of  the  ftem,  we  found  the  water,  about  ten 
the  next  morning,  rifen  fifteen  inches  above  the  former  height ; the 
whole  cylinder  of  water  continuing  fluid  ; then  fuffering  the  water  to 
fwell  freely,  it  reach’d,  within  feven  or  eight  hours  time,  to  the  top 
of  the  glafs  ; fo  that  a drop  or  two  ran  over ; that  is,  it  afcended  nine- 
teen inches  above  the  firft  mark  ; which  fcarce  allowed  us  to  feal  up 
the  end  ; but,  afterwards,  removing  the  veflel  into  a warm  place  till 
next  morning,  and  all  the  ice  in  the  belly  being  thaw’d,  the  water 
fubfided  a little  below  its  firft  ftation,  by  reafon  of  a little  that  was  fpilt 
in  fealing  the  glafs  : but  here  an  accident  hinder’d  us  from  profecuting 
the  experiment  farther. 

10.  Another  glafs,  furnifh’d  as  the  former,  being  placed  to  freeze  in 
the  fame  manner,  its  water  rofe  near  an  inch  in  lefs  than  an  hour  *, 
when  that  in  the  ball  and  juncture  of  the  neck  was  frozen  into  lamin<z> 
which  after  an  hour  and  quarter  difappear’d  in  the  neck  *,  but  in  the 
ball  there  feem’d  a white  ice  ; and  the  water  afcended  in  all  4 k inches. 

Abundance  of  fmall  bubbles  now,  perpetually,  rofe  thro’  the  neck,  and 
continued  to  do  fo  till  the  thaw  was  finifti’d  ; the  white  ice  appear- 
ing full  of  bubbles.  Upon  profecuting  the  experiment  farther,  the 
water  continued  to  afcend  till  it  had  reached  about  eight  inches  above 
the  firft  mark  *,  when,  drawing  the  top  of  the  pipe  into  a very  (len- 
der cylinder  to  be  feal’d,  we  again  placed  the  glafs  in  the  mixture,  that 
the  air  heated  by  the  lamp,  might  cool  ; whereupon  the  water  fwell’d 
till  it  began  to  run  over  at  the  orifice  of  the  fmall  pipe,  which  we 
then  immediately  fealed  up  ; fo  that  the  whole  glafs  appear’d  full  of 
water,  except  an  inconfiderable  quantity  of  rarified  air  contiguous  to 
the  feal’d  end.  The  egg  being  now  brought  into  a warm  room,  ftood 
there  all  night,  and  part  of  the  next  morning,  before  the  ice  was  quite 
diflblved  ; after  which,  we  found  the  water  fubfided  to  its  original  fta- 
tion. Things  (landing  thus,  we  inverted  the  glafs,  and  plunged  its 
fealed  end  under  water,  then  broke  it  off,  whereupon  the  external  air 
forced  fo  much  water  into  the  pipe,  that  tha  upper  furface  reach’d  fe- 
ven inches  above  the  firft  mark,  and  left  an  inch  and  half  of  the  ftem 
unpofifefs’d,  below  where  it  began  to  grow  exceeding  (lender,  and,  alfo, 
as  much  of  that  part  as,  by  guefs,  amounted  to  a quarter  of  an  inch  ; 
whence  the  bubbles  that  caufed  the  water  to  fwell,  and  appeared  in 
the  ice,  were  equal  to  1 I inch  of  air,  which,  confequently,  was,  in 
great  meafure,  generated  by  this  procefs,  as  well  as  feven  inches  ei- 
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Physics,  ther  of  a vacuum,  or  fome  fubtile  fubftance,  which  for  want  of  elafti- 
city  cou’d  not  be  air. 

11.  Upon  breaking  a feal’d  glafs,  fitted  as  the  former,  underwater, 
a cylinder  of  io  £ inches  was  imped’d  into  it,  whilft  the  mark  whereat 
the  ice  had  flood,  was  ii  i above  the  firft. 

12.  In  the  bolt-head  that  fhew’d  us  the  greateft  condenfation  of  air, 
the  water  was  by  cold  made  to  rife  almoft  a foot  above  its  original 
flation ; when  the  glafs  being  fealed,  and  the  ice  being  permitted  to 
thaw  gently,  the  water  funk  back  to  the  firft  mark  ; we  then  inver- 
ted the  glafs,  and  broke  off  its  apex  under  water,  whence  an  addition 
of  above  eleven  inches  of  water  was,  with  fome  noife  and  violence, 
driven  into  the  tube  -9  fo  that  near  i inch  of  air  appeared  to  have  been 
generated  or  feparated  in  the  operation. 

13.  Having  caufed  the  water  to  fwell  about  ten  inches  in  the  fame 
vefiel,  we  ordered  it  as  before,  and  found  the  additional  quantity  of 
water,  to  be,  alfo,  about  ten  inches. 

14.  We  obferved,  not  only  in  water,  but  other  aqueous  liquors, 
that  the  ice-bubbles  were  not  filled  with  air  ; for  having  froze  milk 
and  urine,  and  fuffered  them  to  thaw,  they  feverally  fubfided  near 
their  original  flations ; v/hen  inverting  the  containing  glafles,  and  break- 
ing them  under  water,  the  milk  and  urine  were  manifeftly  impelled  up- 
wards, and  the  Items  appeared  to  have  acquired  an  addition  of  five  or 
fix  inches  of  water. 

15.  Upon  breaking,  in  like  manner,  a fealed  glafs  of  claret-wine, 
that  we  found  in  part  frozen,  the  water  was  preffed  up  i inch  ; which 
could  not  have  happened  if  the  generated  bubbles  had  been  full  of 
genuine  air.  All  thefe  experiments,  however,  only  fliew  us,  that  thefe 
bubbles  are  not  filled  by  air,  but  leaves  us  in  the  dark  as  to  what  it  is 
that  fills  them. 

XIII. 

Experiments  to  I#  We  have  employed  two  different  methods  to  meafure  the  ex- 
^expanfion^of  Pand°n  of  fluids  v and  firft,  by  pouring  a certain  number  of  fingle 
liquors  by  cold,  weighed  ounces  of  water  into  a bolt-head,  and  marking  the  height 
whereto  each  of  them  rofe,  till  the  ftem  of  the  glafs  was  filled,  and 
afterwards  pouring  fome  of  them  back  again,  we  fuffered  the  remainder 
to  freeze  from  the  bottom  upwards  ; and  found  that  the  ice  made  from 
eighty  two  parts  of  water  poffeffed  the  fpace  of  ninety  one  and  an 
eighth  *,  whence  the  water  expanded  by  cold,  took  up  about  a ninth  part 
more  fpace  than  before  congelation. 

2.  After  the  fame  manner,  we  found  at  another  time,  that  fifty  five 
parts  of  water  ftretched,  by  freezing  into  the  fpace  of  6ot  ; about  fix 
of  the  former  parts  remaining  unfrozen  : fo  that  this  experiment  nearly 
agrees  with  the  preceding. 

3.  The 
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3.  The  other  way  we  made  ufe  of  was,  to  fill  a cylindrical  tube, 
fealed  at  one  end,  to  a certain  height  with  water  ; which  we  marked  on 
the  outfide,  then  kept  the  glafs  erecft,  and  froze  the  water  upwards,  where- 
by we  have  obferved  it  to  acquire  greater  dimenfions,  by  a tenth,  in  the 
form  of  ice,  than  when  fluid  ; tho’  fmall  varieties  may  often  happen  from 
the  difference  in  the  water  applied  in  this  experiment,  and  other  circum- 
ftances  *,  and,  accordingly,  I once  found  a greater  expanfion  than  the  laft 
mention’d. 

4.  Expofing  water  to  freeze  in  a very  even  cylindrical  glafs,  we  found 
it  expanded  about  an  eighth,  or,  at  leaft,  a ninth  part  upon  glaciation : 
this  we  obferved,  alfo,  a fecond  time,  and  fuppofed  the  intumefcence 
might  have  ftill  been  greater,  but  that  the  freezing  fucceeded  ill  in  the  cy- 
linder. 

5.  Sealing  up  a bolt-head,  whofe  ftem  flood  feventeen  inches  above  the 
furface  of  the  contained  water,  and  placing  it  in  our  freezing  mixture  for 
eight  or  nine  hours,  the  water  afcended  above  1 5 i inches ; when  being 
left  to  it  felf  for  an  hour,  the  fealed  end  of  the  glafs  was  blown  off, 
quite  round,  and  the  bottom  burfl  into  many  pieces  j the  whole  body  of 
the  pipe  remaining  found. 

6.  We  fealed  up  fome  water  that  had  been  well  purged  of  air  by  the 
air-pump,  in  a bolt-head,  whofe  pipe  rofe  five  inches  above  the  upper 
furface  of  the  fluid  ; then  fetting  the  glafs  in  a frigorific  mixture,  it  exhi- 
bited an  ice  very  prettily  figured,  and  without  manifefl  bubbles ; and  in 
lefs  than  two  hours  time,  the  water  was  impelled  up  4 I inches,  that  is  a 
little  above  the  bafis  of  the  cone  made  in  fealing  ; when  the  glafs  burfling 
with  a noife,  the  pipe  remain’d  entire,  and  a confiderable  part  of  the  wa- 
ter appeared  unfrozen  under  the  ice,  and  the  broken  veffel  feemed  to 
fmoke : and  here,  as  we  conjectured,  the  air  was  comprefs’d  into  about  a 
twentieth  part  of  its  former  dimenfions. 

7.  The  fpherical  part  of  a glafs-egg,  about  three  inches  in  diameter, 
being  filled  with  water  to  the  bottom  of  the  ftem,  was  carefully  freed 
from  air,  fealed  and  expofed  to  freeze  from  the  bottom  upwards ; when 
the  v/ater  in  the  ball  was  frozen,  and  a fmall  part  of  that  in  the  bottom 
of  the  ftem,  the  remaining  fluid  reached  above  8 i inches  above  the 
original  ftation  *,  while  the  whole  length  of  the  ftem  was  little  more  than 
10  1 inches.  The  fame  glafs  of  water  being  afterwards  fealed  up  with  air 
in  it,  and  frozen,  the  ice  reached  not  quite  four  inches  above  the  original 
ftation  j tho*  ’twas  now  as  well  frozen  as  before. 

But  thefe  experiments  feem  to  contradict  the  accounts  given  us,  by 
thofe  who.  have  failed  in  frozen  feas,  of  huge  floating  mountains  of  ice, 
with  their  tops  a furprizing  height  out  of  water,  in  comparifon  of  their 
immerfed  part.  The  Butch  tell  us  of  one  they  faw  in  their  famous  voyage 
to  Nova  Zemblay  that  reached  fixteen  fathom  above  the  furface  of  the  wa- 
ter, and  but  thirty  fix  below  it. 


They 
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Physics.  They  have  alfo  thefe  two  more  remarkable  paflages  in  their  voyage 
« And  we  faw,”  fay  they,  “ another  great  piece  of  ice  lying  fail  in  the 
“ fea,  as  if  it  had  been  a tower  •,  we  rowed  up  to  it,  and  calling  out  our 
“ lead,  found  that  it  refled  twenty  fathom  on  the  ground  under  water, 
“ and  twelve  fathom  above  the  furface.  — By  calling  out  our  lead  we 

found  another  piece  of  ice  lye  eighteen  fathom  deep,  faft  at  the  bottom, 

and  ten  fathom  high  above  the  furfaceof  the  fea.” 

And  Janus  Munckius  mentions  fome  floating  pieces  of  ice,  feen  in  his 
voyage  to  Greenland , that  were  extant  twenty  fathom,  whilft  what  re- 
main’d of  them  under  water  was  but  forty  ; whereas,  according  to  our 
computation,  the  immerfed  part  of  ice  ought  to  be  eight  or  nine  times 
as  deep  as  its  extent  is  high.  To  obviate  this  objeflion,  let  it  be  ob- 
ferved, that  in  our  computation,  the  ice  is  fuppofed  to  float  in  frefh  wa- 
ter, when,  in  the  other  cafe,  it  fwims  in  the  fea,  whofe  water  is  much 
heavier.  We  mufl,  however,  allow,  that  the  fea  is  lefs  fait  near  the 
poles,  than  in  the  temperate  or  torrid  zone ; but  then  this  lelTer  de- 
gree of  faltnefs  may  be  ballanced  by  a greater  degree  of  coldnefs,  which 
vehemently  condenfes  that  water,  before  it  begins  to  freeze.  However, 
the  principal  thing  to  be  here  confidered  is,  that  thefe  prodigious  maffes 
■of  ice,  are  tiot  uniformly  folid,  but  compofed  of  feveral  rude  portions 
cemented  together,  with  huge  cavities  between  them:  and,  according  to 
Bartholine , chiefly  confifl  of  frozen  fnow  *,  fo  that  their  weight  mufl 
not  be  eflimated  by  their  bulk,  without  allowing  for  the  air  and  inter- 
fperfed  vacuities  in  them ; whence  the  whole  icy  mountain  may  prefs 
the  fubjacent  fluid  no  more  than  a bulk  of  the  fame  water  equal  to  that 
of  the  immerfed  part  of  the  ice.  Moreover,  ’tis  very  probable,  that 
thefe  mountains  of  ice  would  fink  lower,  had  they  a fufficient  depth  of 
water  *,  for  I find  not  that  any  pieces  have  been  meafured  that  floated 
freely  in  the  fea  i and  therefore  if  their  bottoms  reft  upon  the  ground, 
the  great  fnows,  frequent  in  gelid  climates,  may  eafily  fall  upon  their 
heads,  and  running  together  by  the  fun’s  heat,  &c.  add  to  their  height 
above  water.  Thus  the  ice  obferved  by  Captain  James , to  be  twice  the 
height  of  bis  top -mail  head,  refted  in  forty  fathom  water  ; and  the 
large  mountain  above  mention’d,  obferved  by  the  Hollanders  in  Nova 
Zembla , lay  faft  in  the  ground.  But  Mr.  Hudfon , in  the  bay  that  has 
receiv’d  his  name,  met  with  feveral  iflands  of  ice  a-ground  in  fix  or  fe- 
ven  fcore  fathom  water  *,  where,  if  the  fea  had  been  deeper,  they  wou’d, 
doubtlefs,  have  funk  lower,  and  fo  lefiened  the  height  of  their  extant 
parts. 

As  no  liquors  have  hitherto  appeared  to  me  expanded  by  cold, 
without  adlual  freezing,  ’tis  a queftion  whether  aqueous  fluids  ex- 
pand by  congelation  upon  any  other  account  than  that  of  the  phlegm 
they  contain  : farther  experiments  might,  however,  be  made  to  fettle 
this  matter. 


i.  The 
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1.  The  force  wherewith  water  expands  in  freezing,  is  greater  than  men  Experiments 
generally  imagine.  We  filled  a half  pint  pewter  bottle  quite  full  of  wa-  to  differ  the 
ter,  fcrewed  on  its  (topple,  and  expofed  it  to  the  cold  air  of  a frofty  night, 

and  by  next  morning  found  the  water  had  burft  the  bottle,  which  (water% 
was  new  j the  crack  appearing  in  the  very  fubftance  of  the  pewter.  This 
experiment  we  repeated  with  the  like  fuccefs. 

2.  To  try  whether  a fmall  quantity  of  water  would  produce  the  fame 
effedt,  we  poured  about  an  ounce  of  water  into  a new  fmall  and  thick 
pewter  pot  •,  and  found  it  conftantly  torn  by  the  expanfive  force  of 
the  ice. 

3.  We,  afterwards,  filled  a quart  bottle  with  a congealable  liquor,  and 
tied  down  the  cork  very  firmly  with  ftrong  packthread  *,  but  notwith- 
Handing  this  precaution,  the  expanding  fluid  forced  it  out. 

4.  We,  therefore,  faftened  a cork  (fill  more  ftrorigly  in  the  mouth 
of  a quart  glafs  bottle  of  water,  which  we  expofed  to  an  exceeding  fharp 
air,  for  feveral  hours,  till,  at  length,  the  bottle  burft ; tho’  the  thin- 
ned: part  where  it  broke  meafured  tI  inch.  In  the  fame  manner,  we, 
alfo,  broke  a ftrong  earthen  Flanders  bottle,  the  thineft  part  whereof  mea- 
sured, alfo,  tI  inch. 

5.  But  to  bring  this  force  nearer  to  a computation,  I made  ufe  of  a 
ftrong  concave  brafs  cylinder,  open  at  one  end,  which  was  exadUy  fitted 
with  a cover,  that,  by  its  rim,  fill’d  up  the  mouth.  This  cylinder,  which 
was  five  inches  deep  on  the  infide,  and  1 I inch  in  diameter,  we  filled 
perfedtly  full  with  water,  carefully  placed  on  the  cover,  faftened  it  into 
an  iron  frame  that  held  it  eredt,  and  placed  a fmall  half  hundred  weight 
thereon,  and  thus  expofed  it  to  the  cold  air  of  a frofty  night ; but  the  con- 
tained water  was  found  uncongealed,  the  next  morning : and  no  better 
fuccefs  had  we  upon  a fecond  attempt,  whatever  were  the  caufe  hereof. 

We,  therefore,  applied  to  the  outfide  of  the  veflfel,  a mixture  of  ice  and 
fait ; yet,  even  by  this  means,  the  glaciation  proceeded  very  flowly  : but 
at  length  ice  on  one  fide  fwell’d  above  the  top  of  the  cylinder,  there  raif- 
ed  up  the  cover,  and  threw  down  the  weight.  At  another  time,  how- 
ever, we  found  both  the  cover  and  weight,  uniformly  lifted  up  to  >a 
fmall  height  by  the  expanded  ice.  And  here  we  took  particular  notice,, 
that  the  included  cylinder  of  ice  being,  after  a gentle  thaw  of  its  fuperfi- 
cial  parts,  taken  out,  appeared  opake  with  bubbles  \ and  when  the  weight 
was  newly  taken  oft,  there  ififued  from  a little  hole,  that  feemed  to  be  be- 
tween the  ice  and  edge  of  the  brafs,  many  drops  of  water  dilated  into  nu- 
merous bubbles,  and  reduced  into  a kind  of  froth,  as  if  they  had  got  li- 
berty to  expand  themfelves  by  the  removal  of  the  weight : however,  this 
phenomenon  was  but  of  (hort  continuance. 


6.  But 
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Physics.  6.  But  the  inconveniencies  attending  this  method,  obliged  us  to  alter 
w u the  brafs  cover  for  a well  foak’d  wooden  plug,  which,  being  forcibly 
driven  into  the  mouth  of  our  cylinder,  could  not  be  forced  out  by 
the  weight  of  feventy  five  pound,  hung  thereto,  while  the  cylinder 
was  inverted.  Water  being  thus  expofed  to  freeze,  in  a very  Iharp 
night,  thruft  out  the  plug  about  the  breadth  of  a barley  corn, 
quite  round,  above  the  upper  edge  of  the  cylinder  *,  but  continuing  to 
freeze  for  two  days  longer,  it,  at  length,  forced  it  out  near  a quarter 
of  an  inch.  How  much  greater  the  expanfive  force  of  freezing  water 
may  be,  we  could  not  determine  for  want  of  convenient  inftruments 
wherewith  to  meafure  it ; but  this  degree  feems  very  extraordinary, 
confidering  water,  when  unconfin’d,  extends  it  felf,  by  congelation,  no 
farther  than  to  poffefs,  at  mofl,  an  eighth  more  fpace  than  when  in  its 
natural  ft  ate. 

7.  We  took  a ftrong  cylinder  of  brafs,  its  cavity  two  inches  in  dia- 
meter, and  placed  therein  a well-tied  bladder,  including  feme  water, 
which  could  not  expand  any  way  but  upwards  ; to  the  mouth  of  this 
cylinder  we  fitted  a wooden  plug,  to  rife  and  fall  therein  with  eafe  ; 
upon  which  we  laid  weights,  to  hinder  its  elevation  when  the  water  be- 
gan to  freeze  *,  then  applying  fait  and  ice  to  the  vefifel,  the  water  in 
the  bladder  foon  began  to  expand  it  felf,  and,  in  two  hours  after,  the 
plug  appeared  to  be  raifed  near  half  an  inch,  notwithftanding  the 
hundred  and  twenty  pound  weight  that  lay  thereon.  Upon  repeating 
this  experiment,  inftead  of  the  forementioned  weight,  two  hundred  and 
fifty  four  pounds  were  now  elevated  by  the  expanfive  force  of  the 
ice. 

8.  A gun-barrel,  fourteen  inches  long,  whofe  bore  was  in  diameter 
1 inch,  and  where  leaft  thick  of  metal  i inch,  being  filled  with  water, 
exadlly  clofed  at  the  breech,  and  flopped  a ferew  at  the  mouth,  was 
buried  in  ice  and  fait  for  about  two  hours,  and,  during  that  time,  re- 
ceived a crack  of  fix  inches  long,  that  run  obliquely  from  three  inches 
above  the  breech,  and  appeared  widefl  in  the  middle  •,  where,  alfo,  the 
barrel  feemed  diflended.  The  ice  we  thought  contained  fmaller  bubbles 
than  if  the  water  had  not  been  pent  up  * but  the  fmallefl  were  fo  nu- 
merous as  to  hinder  its  tranfparency. 

9.  The'  touch-hole  of  a ftrong  gun-barrel,  twenty  four  inches  long, 
being  flopped,  and  a plug  of  iron  forcibly  driven  into  the  muzzel  after 
the  barrel  had  been  filled  with  water,  we  placed  it  in  a mixture  of 
ice  and  fait,  where,  within  about  three  minutes,  the  plug  was,  with 
a noife  forcibly  driven  out  of  the  mouth  •,  and  being  now  wedg’d  and 
fixed  in  fafter  than  before,  it  was,  in  three  minutes  time,  again  forced 
out  with  fuch  a vehemence,  that  it  broke  a deal  board  of  the  box 
wherein  the  experiment  was  made.  We  afterwards  incorporated  the 
plug,  by  means  of  the  fire  and  a hammer,  with  the  muzzel  of  the 
gun  j when  expofmg  it  to  freeze  afrefh,  the  touch-hole  gave  way  > and  this 

caufed 
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caufed  us  to  thruft  a nail  into  the  touch-hole  •,  when,  upon  repeating  Physics. 
the  experiment,  that  too  was  driven  out : but  laftly,  we  now  foldered 
the  nail  in,  fo  that  the  water  could  not  expand  without  burlting  the 
barrel  ; and  accordingly,  within  a quarter  of  an  hour  after  it  was  thus 
placed  in  the  freezing  mixture,  it  burft,  with  a loud  noife,  and  blew 
up  the  cover  of  the  box  wherein  it  lay  ; tho’  the  crack  which  was  2k  in- 
ches long,  difcovered  a very  confiderable  thicknefs  in  that  part  of  the 
metal. 

10.  A new  pint,  pewter  bottle,  filled  with  water,  and  a top  fcrewed 
on  to  it,  being  fet  in  a frigorific  mixture,  for  a quarter  of  an  hour,  it 
broke,  with  a noife,  and  exhibited  a crack  almoft  i k inch  long,  and  in 
one  place  I inch  wide.  The  bottle  feemed  to  be  every  way  diftended, 
but  particularly  at  the  bottom. 

11.  I caufed  a fmith  to  take  a piftol-barrel  about  two  feet  in  length, 
and  of  a proportionable  bore,  and,  by  rivetting  in  a piece  of  iron,  to 
flop  exadtly  the  touch-hole,  and  then  fit  to  the  mouth  of  the  barrel 
a fcrew,  to  go  as  clofe  as  poflible : this  barrel  being  filled  to  the  top 
with  water ; I caufed  the  fcrew  to  be  very  forcibly  driven  in,  that 
the  water,  dilated  by  congelation,  might  neither  prefs  it  out  nor  get 
between  it  and  the  top  of  the  barrel ; and  having  then  fufpended  the 
barrel  in  a perpendicular  pofture  in  the  free  air  of  a very  cold  night, 

I found,  the  next  morning,  that  the  water  had  thruft  out  a great 
part  of  the  fcrew,  tho’  I had  oil’d  it  before,  and  was  got  betwixt 
the  remaining  part  of  it  and  the  barrel ; wherefore,  the  exceffive  cold 
continuing  one  day  longer,  I,  the  next  night,  caufed  the  intervals  that 
might  be  left  betwixt  the  male  and  female  fcrew,  to  be  filled  up  with 
melted  bees  wax ; and  having,  in  other  points,  proceeded  as  before,  I 
found,  the  next  morning,  the  fcrew  held  as  I defired  *,  and  that  the 
cold  had  fo  forcibly  congealed  and  expanded  the  water,  that  it  burft 
the  iron  barrel  near  the  top,  and  made  a confiderable  oblique  crack 
therein,  about  which  a pretty  quantity  of  ice  appeared  to  flick,  and 
alfo  three  or  four  other  flaws  or  adlual  cracks,  at  fome  of  which,  fmaller 
quantities  of  water  appeared  to  have  got  out.  When,  by  thawing  one 
part  of  the  ice,  fome  pieces  of  the  reft  were  got  out  of  the  barrel 
all  I took  notice  of  appeared  to  be  full  of  bubbles  fmaller  than  or- 
dinary. 

12.  Moreover,  we  attempted  to  freeze  water  that  filled  a fmall  ca- 

vity left  in  a thick  iron  ball,  and  cut  into  a female  fcrew,  whereto  a 
male  one  was  fitted,  to  be  driven  by  means  of  a vice  j but  any  degree 
of  cold  we  could  procure  proving  unable,  or  not  fufficiently  durable 
to  congeal  the  water,  thro*  fuch  a thicknefs  of  metal,  we  cannot 
fay  what  phenomena  fuch  an  experiment,  fuccefsfully  tried,  mi<>ht 
afford.  ° 

13.  But  whence  can  this  prodigious  force  of  congealed  water  pro- 
ceed ? Should  cold  be,  as  the  Cartefians  would  have  it,  only  a privation 
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of  heat,  or  freezing  be  occasioned,  according  to  the  Epicureans,  by  the 
entrance  of  frigorific  particles,  ’tis  not  very  eafy  to  account  for  this  phe- 
nomenon. The  firft  hypothefis  fhews  no  caufe  of  this  expanfive  power  ; 
nor  does  the  fecond  explain  how  the  admitted  corpufcles  fhould  produce 
fo  ftrange  an  effedl,  without  giving  any  manifeft  figns  of  violence  in  their 
firft  admittance,  when  they  freely  penetrate  the  fides  of  the  veffel  they 
afterwards  burft.  Befides,  in  oil,  which  requires  a great  degree  of  cold 
to  reduce  it  to  a moderate  hardnefs,  the  frigorific  particles  it  admitted,  do 
not  expand,  but  contradb  it. 

14.  I leave  it  to  others  to  make  further  experiments  upon  other  aqueous 
liquors,  as  to  their  different  degrees  of  expanfion  by  cold  ; I am  told,  how- 
ever, that  in  Ruffm , glafs  and  ftone  bottles  are  frequently  burit  by  the 
congealed  beer  or  wine  they  contain. 

XV. 

1.  We  poured  water  into  a large  glafs-egg,  with  a proportionable  cy- 
method  ofin^r'lC2^  ^eiTb  ^ ^ afcended  about  a finger’s  breadth  into  its  neck,  and 

™Umatingtbe  the*1  fet  it  to  freeze,  for  fome  hours,  in  fnow  and  fait,  with  the  top  of  the 
expanse  force  tube  open,  whereby  the  water  rofe  almoft  feven  inches.  At  this  time  we 
of  congelation,  nimbly  fealed  up  the  upper  end  of  the  tube,  that  was  drawn  out  exceeding 
^omprefm^  ^en(^er?  and  fuffered  it  to  continue  in  the  mixture,  adding  frefh  fnow 
air  without  occafionally,  for  about  twenty-four  hours,  to  fee  how  much  the  im- 
engines . prifoned  air  would  be  comprefs’d  *,  which,  at  the  time  of  fealing,  was  a 

cylinder  of  about  9 i inches  high.  This  fpace  the  upper  water  gradually 
invaded,  as  ice  increafed  below,  till,  at  length,  the  water  reached  al- 
moft 8 1 above  the  ftation  it  had  when  firft  the  glafs  was  fealed  ; and, 
confequently,  had  crowded  the  air  into  the  fpace  of  about  an  inch.  Then 
gently  inverting  the  glafs,  that  the  air  might  come  at  the  ice,  for  the  wa- 
ter in  the  ftem  had  purpofely  been  kept  fluid,  we  broke  the  fealed 
end  into  ajar,  whereupon  the  comprefs’d  air  immediately,  and  with  vio- 
lence, blew  out  of  the  tube,  about  ten  inches  height  of  water,  that  is  a 
greater  fpace  than  was  poffeffed  by  the  air  before  condenfation  : and  fuch 
a great  multitude  of  bubbles  were  now  fet  at  liberty,  that  they  rofe  from 
the  lower  part  of  the  glafs  to  the  top  of  the  remaining  water,  as  in  bottled 
beer  upon  taking  out  the  cork.  ’Twas  here  remarkable,  that  when  the 
air  flood  comprefs’d  to  feven  inches,  the  middle  of  the  glafs  poffeffed 
thereby,  and  neareft  to  the  water,  was  all  around,  to  a confiderable  height, 
full  of  very  fmall  drops  like  dew,  which  difappear’d  when  we  came  to 
break  the  fealed  end. 

2 . Having  fill’d  a Angle  vial,  with  water,  about  half  an  inch  above 
the  lower  part  of  the  neck,  and  left  two  inches  height  of  air  in  the 
remaining  part  thereof,  which  was,  alfo,  drawn  out  into  a flender  pipe, 
we  fealed  it  up,  after  the  air  had  been  thoroughly  cooled,  and  fet 
the  water  to  freeze  *,  whereby  the  air  was  condenfed  into  a lefs 
fpace : but  foon  after,  the  upper  part  and  flender  pipe  of  the  glafs, 

were 
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were  blown  off,  with  a confiderable  noife  and  violence.  This  glafs,  in-PH 
deed,  was  made  of  brittle  metal  ; tho’  the  like  accident  alio  befel  us  in  v— - 
two  other  attempts. 

3.  We  took  a glafs,  in  lhape  and  magnitude  like  a turkey’s  egg,  with 
a cylindrical  item,  except  that  it  was  a little  wider  at  the  bottom  than  at 
the  top,  and  filled  it  with  water  till  only  4 \ inches  of  the  tube  remained 
empty  ; the  upper  part  whereof  was  drawn  conical,  for  the  convcniency 
of  fealing : along  this  tube  from  the  furface  of  the  water  to  the  top  of 
the  glafs,  we  palled  a long  flip  of  paper,  divided  into  inches  and  quar- 
ters *,  then  fealing  the  glafs,  we  obferved,  that  by  holding  it  in  a warm 
hand,  in  a room  where  there  was  a large  fire,  the  water  rofe  near  i inch  ; 
but  placing  the  glafs  among  pieces  of  folid  ice  and  fait,  the  water  pre- 
fently began  to  fubfide,  and,  freezing  foon  after,  to  fwell,  fo  that  by 
degrees  it  compreffed  the  air  into  above  a feventeenth  part  of  the  fpace 
it  before  poffefs’d  ; till  at  length,  the  force  of  expanfion  growing  too  flrong 
for  the  refiflance  of  the  glafs,  it  burft,  with  a very  loud  noife,  in  its  oval 
part  •,  the  pipe  and  feal’d  end  remaining  entire ; and  the  ice  appearing 
full  of  bubbles,  which  render’d  it  opake  and  white.  The  water  that  had 
afcended  into  the  neck,  v/as  all  driven  out  upon  the  burfting  of  the  glafs. 

4.  But  the  mod:  fucccefsful  experiment  of  this  kind,  was  made  in  a 
fliort,  flrong,  glafs-egg,  whofe  ball  bore  a very  large  proportion  to  its 
ftem  ; whence  the  expanfion  might  exert  itfelf  more  forcibly.  This  vef- 
fel  furnifli’d  with  water,  we  fealed  exadtly,  placed  a divided  lift  of  paper 
along  its  ftem,  and  expofed  it  to  freeze  in  ice  and  fait,  by  which  means 
the  water  prefently  began  to  condenfe  the  air,  afcending,  for  a confidera- 
ble time,  very  faff,  till  it  had  crowded  the  contain’d  air  into  a nineteenth 
part  of  the  fpace  it  at  firft  poffefs’d  ; when  prefently  the  ball  of  the 
glafs  was  burft  to  pieces,  with  a loud  report ; but  the  ftem  was  left  en- 
tire. 

5.  We  took  a round  ball  of  glafs,  furnifh’d  with  a moderately  long 

pipe,  and  having  fill’d  it  with  water,  till  the  liquor  reach’d  within 

fome  inches  of  the  top,  we  feal’d  it  hermetically  ; and  then  the  water, 

by  a mixture  of  ice  and  fait,  was  made  to  freeze  from  the  bottom 
upwards  •,  that,  without  breaking  the  glafs,  the  unfrozen  water  might 
be  impelled  upwards  by  the  expanfive  endeavour  of  that  which  was 
freezing,  and  fo,  at  once,  both  comprefs  the  air,  and  be  prefs’d  upon 
by  it : having,  by  this  means,  condenled  the  air,  as  far  as  we  thought 
fafe  in  the  glafs,  we  broke  off  its  fmall  apex;  when  immediately  the 

comprefs’d  air  flew  out  with  a great  noife,  and  part  of  the  pipe,  which 

was  unfill’d  with  water,  appear’d  fill’d  with  ftnoke,  that  made  it  look 
white ; and  great  ftore  of  little  bubbles  haftily  afcended  from  the  lower 
parts  of  the  water  to  the  upper,  where  molt  of  them  quickly  broke. 
But,  what  is  principally  to  be  noted,  the  water  itfelf  immediately  af- 
cended | of  an  inch.  Tho’  I am  not  lure,  till  farther  trial,  that  there 
was  no  fpringinefs  in  the  ice  that  contributed  to  the  effect ; or  that 
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Physics,  the  great  preflare  of  the  condens’d  air,  did  not  make  the  glafs  itfelf 

* ' ftretch  or  yield  •,  in  which  cafe  the  parts  of  the  diftended  glafs,  upon 

the  removal  of  the  forcible  prefiure  of  the  air,  returning  to  their  for- 
mer ftreightnefs  below,  will  make  the  water  afcend  fomewhat  higher 
in  the  pipe.  But  I cou’d  not  procure  proper  glafles  wherewith  to 
examine  the  truth  of  this  fufpicion  ; which  I wou’d,  likewife,  have  tried 
by  the  bulk  of  the  glafs  in  water,  before  and  after  letting  out  of 
the  comprefs’d  air.  But  as  four  or  five  other  trials  made  with  ano- 
ther liquor,  as  well  as  water,  exhibited  a manifeft  intumefcence ; 
fo  in  the  prefent  experiment,  if  we  had  judg’d  our  glafs  ftrong 
enough  to  endure  fuch  a comprefiion  of  the  included  air,  as  we  have 
often  employ’d  on  other  occafions,  the  effedt  wou’d,  probably,  have  been 
much  more  conflderable.  For,  tho’  the  difference  between  the  length 
of  the  fame  water,  comprefs’d  and  uncomprefs’d,  amounted  to  a cylin- 
der of  1 inch  in  height,  yet  the  air  that  made  this  comprefiion  was 
itfelf  reduc’d,  but  from  eight  inches  to  five  •,  whereas  we  have  fome- 
times  reduc’d  it  to  an  eighteenth  or  twentieth  part  of  its  ufual  fpace. 

I might  add,  that,  when  we  broke  off*  the  feal’d  apex  of  the  glafs, 
before  the  included  air  was  much  comprefs’d,  there  wou’d  be  neither 
any  great  noife  made,  nor  any  conflderable  froth  produced  at  the 
top  of  the  water  *,  and  that  haring  repeated  the  experiment  in  one  of 
the  fame  glafles,  and  with  the  fame  water  that  had  been  already  com- 
prefs’d therein,  we  found,  upon  breaking  off  the  hermetical  feal  a fe- 
cond  time,  the  water  did,  neverthelefs,  afcend  into  the  pipe,  betwixt 
i and  i inch. 

6.  This  method  of  compreffing  air  in  veflels  hermetically  fealed, 
feems  lefs  exceptionable  than  any  hitherto  put  in  pradtice  *,  and  had 
we  not  wanted  freezing  materials,  and  proper  glafles,  I make  no  quef- 
tion,  but,  we  fhou’d  have  reduc’d  that  fluid  into  a much  lefs  fpace. 
And,  by  the  way,  this  feems  a promifing  method,  wherein  to  attempt 
the  comprefiion  of  water  •,  for  its  having  been  hitherto  found  incom- 
prefiible,  may,  perhaps,  be  owing  to  the  porofity  of  the  veflels  em- 
ploy’d, which  admit  the  particles  of  the  fluid  to  pafs  thro’  them, 
upon  the  fudden  application  of  any  great  force  *,  whilft,  in  our  way, 
the  force  is  gradually  and  uniformly  exerted,  upon  the  water,  in  a vef- 
fel  that  may  break  indeed,  but  till  then,  remains  perfectly  impervious 
to  the  finefi:  parts  of  the  contain’d  fluid.  And  in  one  of  the  preceding 
experiments,  it  appear’d,  from  the  vaft  multitude  of  bubbles  that  mani- 
fefted  themfelves,  upon  the  breaking  of  the  glafs,  that  the  water  which 
lay  between  the  ice  and  the  crowded  air,  had  been  violently  com- 
prefs’d by  them  ; which  we  the  rather  believe,  becaufe,  having  at 
another  time,  fealed  up  fome  air  and  water  in  a glafs-egg,  and  per- 
mitted the  water  to  fwell  by  the  operation  of  the  cold,  till  it  had 
reduced  the  air  into  i of  its  natural  fpace,  we  a&ually  perceiv’d  the 

water 
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water  afcend,  to  the  height  of  % inch,  upon  breaking  off  the  fealed  apex  Physics. 
of  the  glafs. 

XVI. 

\ 

1.  ’Tis  more  difficult,  than  one  at  firft  fight  wou’d  imagine,  to  deter-  Experiments 
mine  the  fphere  of  the  adtivity  of  cold;  for  to  affign  the  precife  limits 
wherein  a cold  body  can  operate,  many  particulars  muft  be  taken  into^/r^/^i- 
confideration  : as,  for  inftance,  the  degree  of  cold  belonging  to  the  given  vity  of  cold, 
body ; the  medium  thro*  which  its  power  is  diffufed ; the  confidence, 
texture,  motion,  or  reft  of  that  medium  ; the  manner  wherein  the  cold 

is  fpread,  with  regard  to  the  inftrument  that  acquaints  us  with  it  ; the 
bulk  of  the  body,  &c.  However,  in  the  fmall  portions  of  ice  employ’d 
in  our  experiments,  we  found  the  fphere  of  adfivity  very  narrow ; not 
only  when  compared  to  that  of  heat  or  fire,  but  the  atmofpheres  of  fcent- 
ed  bodies,  or  even  of  the  attraction  in  a load-ftone : fo  that  I have 

made  it  a queftion,  whether  a cold  body  be  difcernable  by  us  with- 

out immediate  contadt.  And  agreeable  hereto,  I cou’d  not  find, 
if  a man’s  eyes  were  clofe  fhut,  that  he  was  fenfible  of  the  near- 

eft  poffible  approach  of  a tolerably  large  piece  of  ice,  to  the  ends 

of  his  fingers. 

2.  And  for  farther  fatisfadlion  herein,  I placed  one  of  the  moft  fen- 
fible thermometers  very  near  to  little  maflfes  of  fnow,  but  it  took  no 
notice  of  them,  till  we  caufed  them  to  touch  the  inftrument.  This 
languidnefs  in  the  operation  may,  however  chance  to  proceed  from  the 
fmallnefs  of  the  pieces  of  ice  employ’d  ; for  a merchant,  who  has  made 
feveral  obfervations  upon  cold  in  Greenland , informs  me,  that  upon  the 
fea  they  were  apprized  of  their  approach  to  ice,  as  well  by  the  increafe 
of  cold,  as  the  Alining  light  it  yields.  Tho’  this  account,  I muft  own, 
feems  not  to  agree  with  that  of  fome  others,  who  have  fail’d  in  frozen 
climates  ; and  once,  in  particular,  I remember  it  is  faid  by  fome  of  them, 
that  their  fhip  lay  afide  of  vaft  fhoals  of  ice,  whilft  they,  thro’  fogs,  re- 
main’d ignorant  of  it.  Tho’  I have  been  inform’d  by  an  old  fea  captain, 
that  when  the  wind  blew  from  the  great  banks  and  tradls  of  ice,  they  felt 
an  extraordinary  degree  of  cold,  fometimes  for  twenty  leagues  before  they 
came  up  to  it. 

3.  We  defign’d  to  have  tried,  whether  fnow  or  ice  wou’d  freeze  water, 
that  was  immediately  contiguous  to  them  ; for  Olearius  relates,  that  at 
Jfpahan , the  capital  city  of  Perfia , where  the  water  feldom  freezes  above 
an  inch  thick,  and  the  ice  presently  diflolves  upon  the  rifing  of  the  fun, 
there  are  ftore-houfes  furnifti’d  with  thick  pieces  of  folid  ice,  procured  by 
pouring  a large  quantity  of  water,  at  proper  intervals,  over-night,  upon 
a fhelving  marble  floor,  where,  as  the  water  runs,  it  is  frozen  by  the  con- 
tiguous ice  ; which  thereby,  in  two  or  three  fucceffive  nights,  becomes 
conliderably  thick. 


4.  Once 


630  Experiments  and  Obfervaticns  upon  Cold. 

Physics.  4.  Once  indeed,  we  attempted  to  make  this  experiment  in  England , 

'*m*~*fm**J  when  the  water,  inftead  of  freezing  upon  the  ice,  diffolved  it  but  then 
the  water  was  frefh’d  pump’d,  and  had  not  been  fuffer’d  to  cool  in  the 
open  air,  before  we  employ’d  it ; and  therefore  feem’d  warmifh  in  com- 
parifon  of  ice.  And  indeed,  allowance  muft  be  made  for  the  different 
temperature  of  the  air  of  different  countries  : for  tho’  water  poured  up- 
on fnow,  is  apt  to  diffolve  it  with  us  •,  yet  in  Ruffia , I am  inform’d, 
they  frequently  convert  wrater  and  fnow  into  ice,  by  mixing  them  to- 
gether. 

5.  Natural  glaciation,  ufually  proceeds  from  the  upper  parts  of  bodies 
to  their  lower  *,  but  how  deep  the  frofl  will  reach  in  earth  and  wa- 
ter, is  not  eafily  known  ; becaufe  this  depth  may  vary  with  the  de- 
gree of  coldnefs  in  the  air,  which  appears  to  be  the  caufe  of  glaciation, 
as  alfo  by  a longer  or  fhorter  duration  of  the  frofl,  the  texture  of 
the  earth,  the  nature  of  the  juices  wherewith  it  is  impregnated,  the 
conflitution  of  its  more  internal  parts,  as  to  heat  and  cold,  the  nature 
of  its  effluvia,  &c.  Thus,  I have  feen  a large  tradl  of  land,  with  vafl 
quantities  of  lime-flones  near  its  furface,  where  I was  affured,  that 
fnow  will  never  lye.  And  to  try  the  depth,  whereto  frofl  will  pene- 
trate into  the  earth,  I made  the  following  obfervation  in  a village  near 
two  miles  from  a great  city.  (1.)  Jan.  22.  After  four  nights  of  hard 
frofl,  we  dug  in  an  orchard  where  the  ground  was  level  and  bare, 
and  found  the  frofl  had  lcarce  reach’d  3!  inches  *,  and  in  a garden, 
nearer  the  houle,  only  two  inches  below  the  furface.  (2.)  Nine  or  ten 
fucceffive  frofly  nights,  froze  the  bare  ground  in  the  garden  6i  inches 
deep,  and  in  the  orchard,  where  a wall  fhelter’d  it  from  the  fouth-lun,  to 
the  depth  of  8-l  inches.  (3.)  Feb.  9.  We  dug  in  an  orchard  near  a 

wall,  and  found  the  frofl  to  have  penetrated  the  ground  about  four- 

teen inches  j when  eight  days  before  it  was  obferved  to  be  8f  inches. 
(4.)  A flender  glafs  pipe,  eighteen  inches  long,  fealed  at  one  end,  and 
filled  with  water,  being  thrufl,  over  night,  into  a hole  made  in  the 
earth,  till  the  furface  of  the  water  lay  level  with  that  of  the  ground, 

the  water  appear’d,  next  morning,  frozen  in  the  cylinder  only  a lit- 

tle more  than  to  the  depth  of  three  inches  ; but  there  reached  down- 
wards from  this  ice,  part  of  a cylinder  of  the  fame,  to  the  length  of 
fix  inches  *,  the  reft  of  the  water  remaining  unfrozen,  tho’  in  an  ex- 
ceeding fharp  night,  and  in  a very  hard  feafon.  The  earth  in  the  garden 
where  this  experiment  was  made,  feem’d  frozen  to  the  depth  of  eight 
or  ten  inches.  (5.)  Upon  enquiry,  I find,  that  in  the  moft  frozen  coun- 
tries, a congealing  degree  of  cold  penetrates  the  earth  and  fea,  no- 
thing near  lo  deep  as  is  ufually  imagin’d.  A traveller  affured  me,  that 
in  a garden  at  Mofcow , he  found  the  ground,  in  a hard  feafon,  to  be 
frozen,  but  little  above  two  feet  below  the  furface  •,  and  the  utmoft 
effedt  that  Capt.  James  mentions  the  cold  to  have  had  upon  the 
ground  in  Charlton  illand,  was  to  freeze  it  ten  feet  deep  : whence  may 

appear 
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appear  the  different  degrees  of  cold,  of  that  ifland  and  Rujfia.  And  Physics. 
as  to  the  freezing  of  the  water  there,  he  tells  us,  “ it  does  not  natu- 
cc  rally  congeal  above  the  depth  of  fix  feet,  the  reft  being  by  accident ; 
c<  tho’  ice  may  be  feen  here  fix  fathom  thick  : this  we  found  by  dig- 
“ ging  t^ie  i°e  out  °f  our  fhip  » and  by  digging  to  our  anchor  before 
“ the  ice  broke  up.  ” The  fame  Gentleman  alfo  obferved,  that  the 
fait  water  was  not  here  much  above  half  fo  thick  frozen  as  the  earth  : 
but  frefh  water  has  a much  greater  difpofition  to  freeze,  than  that  of 
the  fea. 

XVII. 

1.  In  examining  whether  cold  may  be  propagated  thro’  all  mediums.  Experiments 
univerlally,  regard  muft  be  had  to  the  particular  medium  wherein  the  uPon  *he  dif~ 
experiment  is  made  ; for  if  it  have  too  great  a thicknefs,  we  may  miftake^^^V" 
by  imputing  to  the  nature  of  the  medium,  what  is  really  owing  to  th z which  cold 
diftance,  between  the  agent  and  patient.  Thus  mixtures  of  ice  and  fnow  <*y  be  diffu- 
will  operate  only  at  a very  frnall  diftance,  tho’  the  medium  refill  no-^ 

more  than  common  air. 

2.  Upon  placing  a large  quantity  of  the  mixtures  of  ice  and  fnow  in 

pipkins  glazed  within-fide,  and  in  white  bafons,  glazed  both  within 
and  without ; the  external  furfaces  of  both  were  crufted  over  with  ice, 

tho’  the  thicknefs  alone  of  the  veffels  feem’d  to  be  the  utmoft  limits  of 

the  freezing  power. 

3.  By  the  experiments  formerly  mention’d,  as  to  freezing  water  in 
pewter  veffels,  it  appears,  that  cold  is  able  to  operate  thro’  them. 

4.  This  receives  farther  confirmation,  from  the  making  of  drinking 

cups  of  ice  ; the  method  whereof  is,  to  take  a cup  made  of  plated  iron, 
and  tinn’d  over  on  both  Tides,  of  any  aftignable  fize  ; and  of  the  fame 
materials,  a lefs  of  the  fame  figure  to  go  within-fide  the  former,  fo  as  to 
leave  a competent  fpace  betwixt  the  whole  internal  furface  of  the  larger, 
and  external  one  of  the  fmaller  * the  latter  cup  hanging  free,  by  its 
rim  upon  the  edge  of  the  former,  and  at  a confiderable  diftance  from 
its  bottom.  The  interval  between  the  two  cups  being  fill’d  with  wa- 
ter, and  the  cavity  of  the  internal  one  with  a mixture  of  ice  and  fait, 

and  the  external  furface  furrounded  with  the  fame  mixture,  the  water 
is  hereby  quickly  frozen  ; when,  the  parts  of  the  mould  being  disjoin’d, 
the  icy  cup  is  made.  To  prevent  the  ice  from  adhering  to  the  mould, 
we  fometimes  anointed  the  latter  with  fome  undluous  material  ; but  the 
beft  way  we  found,  tho’  it  made  the  cup  lefs  durable,  was  to  thaw  its 
furfaces,  gently,  by  heat. 

5.  Bartholine  mentions  an  experiment  to  turn  air,  as  he  calls  it,  in- 
to water,  in  a hot  feafon  ; by  placing  fome  fnow  or  ice  in  a funnel, 
to  condenfe  the  watery  particles,  floating  in  the  air,  and  caufe  it  to 
trickle  down  the  Tides  thereof.  However,  upon  trial  with  large  and 
thick  glafs  funnels,  containing  a mixture  of  ice  and  fait,  we  were 

able 
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able  to  obtain  only  an  inconfiderable  quantity  of  water,  which  diflilled 
from  the  ice,  formed  on  the  outfide  of  the  glafs,  only  whilft  the  mix- 
ture was  diffolving. 

6.  That  a mixture  of  fnow  and  fait,  included  in  glafies  hermeti- 
cally fealed,  condenfes  the  vapour  of  the  air  on  the  outfide  thereof, 
we  have  already  feen  ; from  whence  ’tis  manifeft,  that  the  compadt 
body  of  glafs  is  pervious  to  cold  : nor  can  the  air  be  here  fup- 
pofed  the  medium  that  conveys  it  •,  however,  we  thought  it  proper 
to  try,  whether  cold  be  convey’d  thro’  a vacuum , as  ’tis  ufually 
call’d. 

7.  A fmall  tube,  fealed  at  one  end,  and  almoft  fill’d  with  water, 
being  put  into  a convenient  receiver,  which  we,  firft  thoroughly  ex- 
haufted  by  the  air-pump,  and  then  furrounded  with  a mixture  of  ice 
and  fait,  to  the  height  whereat  the  water  ftood  in  the  fmall  pipe, 
that  water  was,  at  length,  tho’  flowly,  frozen  from  the  top  to  the  bot- 
tom, into  odd  kind  of  flakes,  without  any  confiderable  number  of  bub- 
bles appearing  therein. 

8.  That  cold  will  a<ft  thro’  a medium  fenfibly  and  continually  hot, 
appears  from  drinking  a large  quantity  of  cold  water  •,  which  will 
manifeft  its  chillinefs  thro’  the  integuments  of  the  abdomen  •,  as  I have 
obferved  in  myfelf  upon  drinking  the  mineral  waters  of  Tunbridge  : 
and  this  was,  in  a vehement  degree,  experienced  by  a gentleman,  who 
drank  them  in  a larger  quantity  at  the  fame  time. 

9.  Having  with  water  fill’d  a glafs  bubble,  whofe  magnitude  equall’d 

that  of  a walnut,  its  figure  refembling  that  of  a pear,  and  whofe 
ftem  was  crooked  *,  we  fufpended  it  by  a thread,  the  upper  end 
whereof  pafs’d  thro’  a flit  in  a cork,  and  was  there  faften’d,  in  a wide- 
mouthed glafs  filled  with  common  oil  of  turpentine,  and  cover’d  with 
ice  and  fait,  and  clofed  with  the  cork  : thus  we  left  all  for  three 
hours  ; at  the  end  of  which  time,  tho’  the  oil  remain’d  fluid,  the 
water  in  the  bubble  was  wholly  frozen,  and  the  bubble  itfelf  crack’d 
fo,  that  only  a fmall  part  of  it  came  up  with  the  thread  ♦,  the  ice 
wherein  appear’d  deeply  cleft  from  the  furface  towards  the  centre,  in- 
to two  pieces  eafily  Separable  ; as  if  a pear  had  been  cut  along  from 

ks  ftalk  thro’  the  core  : and  leaving  them  in  the  fame  fluid  and 

velfel,  with  fome  thawing  ice  and  fait  about  it,  for  fourteen  or  fif- 

teen hours,  they  were  not  confiderably  wafted.  And;  by  the  way, 
along  with  this  bubble,  we  expofed  in  the  fame  manner,  a glafs-egg, 
whofe  ball,  and  a little  part  of  its  ftem,  was  filled  with  fome  of  the 
fame  oil  of  turpentine,  which,  thus  foon  fubfided  about  half  an  inch  *, 
whence  it  deferves  to  be  confider’d,  why,  if  cold  be  caufed  by  admif- 
fion  of  aCtual  particles,  they  fhou’d  contract  the  oil  without  being  able 
to  freeze  it,  and  freeze  the  water  withput  contracting,  but  expanding 
the  fame. 
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10.  After  the  manner  lately  defcribed,  we  fufpended  a fmall  glafs  bub- 
ble fill’d  with  water,  and  hermetically  fealed,  in  a glafs  of  fpirit  of  wine, 
and  expofed  them  to  the  air  of  a cold  night,  whereby  the  water  was  con- 
gealed, tho’  the  fpirit  continued  its  natural  fluidity.  But  another  bub- 
ble of  water  fufpended  in  common  brine,  at  the  fame  time  with  the  for- 
mer, was  no  more  frozen  than  the  brine  itfelf,  that  is,  not  at  all.  The 
fame  fuccefs,  alfo,  attended  the  repetition  of  this  experiment  twice  ; how- 
ever, upon  a fourth  trial,  we  found  the  bubble  burft,  within  two  hours 
after  it  had  been  expofed  in  a mixture  of  ice  and  fait,  with  ice  adhering 
to  the  upper  part  of  the  bubble,  whilft  the  other  was  crack’d,  in  lines 
that  run  from  a point.  And  more  ice,  we  fuppofed,  wou’d  have  ap- 
pear’d, had  it  not  been  dilfolved  by  the  fait  water,  getting  in  at  thefe 
cracks. 

11.  We  fill’d  a fmall  glafs-bubble  with  fair  water,  fealed  it  hermeti- 
cally, and  fufpended  it  in  the  middle  of  a large  empty  wide-mouth’d  glafs 
well  ftop’d  *,  then  expofing  it  to  a fufficient  degree  of  cold,  we  found  that 
the  water  froze,  and  crack’d  the  bubble,  without  the  intervention  of  any 
vifible  liquor. 

XVIII. 

1.  We  are  inform’d,  that  to  the  inhabitants  of  fome  parts  of  the  Eaft-  Experiment? 
Indies , it  has  appear’d  a thing  incredible,  that  the  fluid  body  of  water  andobferva- 
Ihou’d,  in  a few  hours  time,  be  naturally  converted  into  a folid.  T^his,  tlonsuP°n 
thro’  its  commonnefs,  appears  little  aflionilhing  to  us  ♦,  however  the  de- 
grees of  cohefion  in  the  parts  of  ice,  have  not  been  fettled  *,  nor  perhaps 

can  we  arrive  any  higher  than  a bare  conjecture  in  this  particular : for 
different  degrees  of  cold,  may  poflibly  give  different  degrees  of  com- 
paCtnefs  thereto  •,  and  accordingly,  I have  been  affured,  that  the  ice 
in  Ruffia , is  much  harder  than  in  England. 

2.  I have  had  thoughts  of  feveral  methods  to  eftimate  the  cohefion  of 
the  parts  of  ice ; and  purfued  the  matter  far  enough  to  fatisfy  myfelf, 
that  its  ability  to  fupport  a weight  is  furprizingly  great,  confidering  that 
common  knives  will  eafily  cut  it. 

3.  We  placed  a piece  of  ice,  three  inches  long,  three  broad,  and  lefs 
than  £ inch  thick,  crofs-wife  on  a frame  •,  fo  that  the  two  parts  where- 
on the  ice  refted,  were  diftant  near  three  inches  from  each  other ; 
then  fixing  a fcale  to  an  iron  hook,  we  hung  it  in  the  middle  of  the  ice, 
and  lay’d  weights  thereon,  till  the  hook,  whofe  part  that  refted  on  the 
ice  was  I inch,  forced  itfelf  downwards,  and,  at  length,  the  ice  broke, 
the  hook  having  firft  defcended  half  thro’  the  ice  at  one  end,  and  a third 
part  thro*  it  at  the  other,  of  the  incifion.  The  weight  applied  was 
feventeen  pounds  averdupoize,  and  one  hundred  feventeen  ounces  troy. 

4.  This  experiment  we  repeated  with  a piece  of  ice  2 i inches 
broad,  and  \ inch  thick,  placed  in  the  frame  at  the  diftance  above-men- 
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Physics,  tion’d*,  but  the  weight  required  to  break  it,  was  feventeen  pounds  aver- 
dupoize,  and  forty-eight  ounces  troy.  The  horizontal  part  of  the  hook 
had,  however,  cut  more  than  1 thro*  the  ice  at  one  end,  and  nearly  half 
thro’  at  the  other. 

5.  We  have  found,  that  by  brewing  bay-falt  upon  thin  plates  of  ice, 
placed  on  a flat  board,  the  ice  wou’d,  in  fome  meafure,  be  diffolved, 
and  afterwards  fo  ftrongly  frozen  to  the  board,  that  we  were  obliged  to 
beat  it  off  piece-meal,  with  an  iron  inflrument,  if  we  wou’d  disjoin 
them ; nay,  the  parts  of  ice  adhered  fo  firmly  in  the  pores  of  wood, 
that  fome  of  them,  notwithflanding  this  force,  flill  continued  un- 
moved . 

6.  Having  thrown  a confiderable  quantity  of  fait  upon  fome  folid  pieces 
of  ice,  there  was  fuddenly  produced  a fmall  crackling  noife ; and  for  a 
confiderable  time  after,  there  manifeflly  afcended  a large  white  fleam, 
or  thick  fmoke  therefrom. 

7.  Upon  pouring  Aquafortis  on  cakes  of  ice,  wherein  was  abundance 
of  bubbles,  it  prefently  penetrated  thro’  them  with  a confiderable  noife, 
that  feem’d  to  be  the  cracking  of  the  ice,  whilfl  the  liquor  underneath 
it,  might  be  tailed  manifeflly  four.  Oil  of  vitriol,  alfo,  afforded  the 

* fame  phenomena,  but  in  a much  greater  degree,  yet  without  feeming 

to  crack  the  ice  it  paffed  thro’*,  fo  that  if  only  a few  drops  hereof 
were  let  fall,  it  immediately  fhew’d  itfelf  exceeding  corrofive  on  the  op- 
pofite  fide  of  the  ice : and  this  we  found  it  wou’d  do  thro’  three  plates 

• , j of  ice,  laid  one  upon  another,  each  whereof  was  about  i inch  in  thick- 

nefs. 

8.  Decodlions  of  fage,  rofemary  and  parfley,  being  feverally  expofed, 
in  fmall  earthen  pipkins,  to  freeze,  they  were  totally  converted  into  ice, 
wherein  appear’d  no  refemblance  of  the  refpe<5tive  plants ; only  that  af- 
forded by  the  decodlion  of  fage,  had  a very  uneven  furface,  and  far  more 
rugged  than  the  other  two,  which  were  neither  of  them  fmooth  ; and  all 
of  them,  but  particularly  the  deco£tion  of  fage,  yielded  a fofter  ice 

. than  the  common. 

I,  9.  Some  frefh  lemmon  juice,  froze  in  a wide-mouthed  glafs,  afforded 

an  ice  very  odly  figured,  efpecially  in  one  part,  where  it  finely  reprefent- 
ed  naked  trees. 

10.  Snow-water  fet  to  freeze  in  ice  and  fait,  afforded  pretty  figures  in 
its  congelation,  with  bubbles  produced  therein,  fo  minute,  that  the  whole 
mafs  of  ice  remain’d  very  tranfparent. 

11.  Upon  mixing  a large  quantity  of  ice  in  grofs  powder,  with 
fome  whole  bay  fait,  and  flirring  them  together,  a vifible  fume  over- 
fpread  the  containing  veffel,  like  a fog  ^ and  when  rifen  above  its 
brim,  fell  down  again  in  flreams : thefe  fumes  alfo  play’d  in  great 
plenty  upon  the  furface  of  the  mixture,  as  a mift  upon  a pond,  be- 
ing fome  of  them  unable  to  rife  higher.  The  phenomenon  continued 
for  a long  time,  tho’  I cou’d  not  be  pofitive,  that  thefe  fumes  were 

cold ; 
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cold;  however,  a thermometer  applied  to  them.  Teem’d  to  fubfide  a 
little. 

12.  Olaus  Magnus  tells  us,  “ that  the  ice  in  the  cold  northern  cli- 
“ mates,  about  the  beginning  and  middle  of  winter,  has  its  cohefion 
iC  of  parts  fo  ftrong,  that  at  the  thicknefs  of  two  inches,  it  will  fup- 
4C  port  a man  ; at  the  thicknefs  of  three,  an  armed  dragoon  ; at  that 
“ of  fourteen,  a company  or  band  of  foldiers ; and,  laftly,  that  if  it 
“ be  a yard  thick,  an  army,  of  ten  thoufand  men,  may  march  there- 
cc  on.”  This  indeed,  is  no  accurate  way  of  meafuring  the  cohefive 
force  of  ice;  becaufe  the  diftance  of  the  part  that  fupports  the  weight, 
from  the  fhoar,  is  not  here  regarded,  tho’  the  remoter  parts  of  the 
ice  reft  hereon ; for  the  ice  being  conftder’d  as  a lever,  the  place  of 
the  weight  upon  it,  muft,  by  all  means,  be  determined  ; fince  the  ice 
may  refill  a confiderable  prelfure  near  the  banks,  tho’  but  a very  fmall 
one  near  the  middle  of  a frozen  river.  However,  ’tis  plain  from 
this  general  obfervation,  that  the  ice  of  a river,  at  fuch  a particular 
thicknefs,  will  in  any  part  of  it,  fuftain  the  refpedlive  weights  above - 
mention’d ; and  therefore,  even  at  a point,  the  fartheft  removed  from 
the  prop  of  the  lever ; which  ftiews  an  immenfe  force  of  cohefion  in 
ice. 

13.  I proceed  to  the  obfervations  of  travellers  and  Tailors,  made  up- 
on ice.  Capt.  Weymouth  tells  us,  that,  in  his  voyage  to  difeover  the 
north- weft  paffage,  he  found  ice  almoft  as  hard  as  a rock.  He 
relates  farther,  “ that  finding  fome  pieces  broken  off  from  an  ifland 
46  of  ice,  they  afforded  very  good  frefh  water.”  An  old  Tea  captain, 
who  had  often  failed  into  the  frigid  zone,  alfured  me,  that  when  his 
fhip  had  been  immured  with  ice,  fo  that  no  falt-water  cou’d  be  come 
at,  he  made  wells  in  thick  pieces  of  ice  to  receive  the  liquor  that 
thaw’d  therein,  which  he  found,  tho’  on  the  main  fea,  to  be  good, 
frefh,  potable  water,  and  fit  for  all  necefiary  ufes ; fo  that  he  never 
fear’d  the  want  of  fuch  water  there.  There’s  a poffibility,  however, 
that  this  ice,  which  affords  frefh  water  in  the  fea,  is  congealed  fnow, 
(not  the  falt-water  frozen)  that  lies  upon  the  furface,  and  adds  to  the 
height  of  the  ice  underneath  ; ’tis  alfo  poffible,  that  fuch  ice  may  have 
come  from  rivers  that  difeharge  themfelves  into  the  fea,  as  thofe  vaft 
quantities  obferved  about  Nova  Zemhla , and  the  ftreights  of  IVeigats 
are  allow’d  to  defeend  from  the  great  rivers  Oby,  Jenefce , &c.  and  this 
carries  the  greater  poffibility,  becaufe  the  main  fea  is  feldom  or  never 
frozen. 

14.  The  next  thing  I fhall  confider  is,  the  magnitude  of  fingle  por- 
tions of  ice.  The  old  fea  captain  above-mention’d  told  me,  he  feve- 
ral  times  faften’d  his  fhip  to  maffes  of  ice,  that  reach’d  thirty  fathom 
under  water  ; and  that  he  once  lay  afide  of  a piece  that  refted  on 
ground  in  fifty  fathom  water.  None  of  thefe,  he  faid,  rofe  with  their 
heads  very  high  above  the  Teas  furface ; he  thought  not  much  more  than 
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Physics,  a tenth  part  of  their  whole  length;  and  that  fnow,  fucceflively  falling 
thereon,  deprefs’d  them  fo  low  •,  which  often  melting  within  two  or 
three  days,  wou’d  fubfide  to  a third  or  fourth  part  of  its  former  height, 
and  become  folid  ice.  Capt.  James  tells  us,  he  one  day  failed  by  an 
icy  mountain  of  a height  incredibly  greater  than  what  we  lately  ob- 
ferved  from  him,  to  be  taller  than  his  main-mafl.  But  the  famous 
failor  Mr.  Baffin  fays,  44  on  the  feventeenth  of  May , we  failed  by 
44  many  great  iflands  of  ice,  that  were  above  two  hundred  feet  high 
44  above  water  ; and  one  in  particular,  that  I meafured  to  be  two 
44  hundred  and  forty  feet  •,  whence  if  only  y of  the  ice  be  extant  a- 
44  bove  the  furface  of  the  fea,  this  piece  of  ice  muft  have  been  one 
44  hundred  forty  fathom  long  *,  and  this  proportion,  I have  known 
14  to  hold  in  fome  ice ; but  I don’t  affirm  it  in  all.”  Capt.  James 
obferved  fome  flat  pieces  of  ice,  to  meafure  one  thoufand  of  his  paces 
in  length. 

15.  Of  compounded  portions  of  ice,  I find  the  following  accounts. 
Mr.  Hall,  in  his  voyage  to  difcover  Greenland , tells  us,  he  met  with  an 
huge  bank  of  ice  twenty  four  miles  long.  Another  Englijh  failor  relates, 
46  that,  even  in  June , the  fea  where  he  lay,  was  cover’d  with  ice,  as  far 
44  as  he  cou’d  difcern  all  around  him,  from  a confiderable  eminence* 
44  except  within  a quarter  of  a mile  from  the  fnoar.”  Whence  that  vafl: 
extent  of  ice  fhou’d  appear  as  one  floating  ifland.  The  French  hydro- 
grapher  Fournier , relates,  44  that  their  fleet  failing  to  Canada , in  the 
44  year  1635,  met  with  feveral  mafles  of  ice,  as  high  as  flieeples ; and 
44  in  particular,  one  or  two,  in  fome  places  being  flat,  and  in  others,. 
44  rifing  up  in  frightful  hills,  along  which  they  coafted,  for  above  forty, 
44  or  even  eighty  leagues  together  *,  and  here,”  fays  he,  44  are  often,  in 
44  the  month  of  Hugujl,  feen  floating  pieces  of  ice  much  larger  than 
44  fhips.”  Olaus  Magnus  aflures  us,  44  that  battles  are  fought  as  well 
44  upon  the  ice  of  the  northern  leas,  where,  during  the  fummer,  fleets 
44  ufually  engage,  as  upon  folid  champaign  ground  *,  let  the  contending 
44  armies,  with  all  their,  artillery,  be  drawn  up  ever  fo  clofe  together.” 
And  ’tis  a common  thing  in  the  more  northern  nations  to  take  large 
journeys,  with  heavy  carriages,  over  the  vafl  plains  of  ice.  ’Tis  well 
known  alfo,  that  the  whole  Smedijh  army  lately  marched  over  the  frozen 
fea  to  the  ifland  of  Zealand.  Nay,  even  in  the  eaftern  regions,  the  fea 
itfelf  has  been  congealed  to  a prodigious  breadth.  44  Manaffies , in  his 
44  annals”  fays  Bartholine , 44  relates  it  as  an  extraordinary  thing,  that  in 
44  the  reign  of  Fheophilus , there  happen’d  fo  hard  a winter,  that  it  there 
44  froze  the  fea  into  ice,  to  a vafl:  thicknefs,  and  a ftony  hardnefs.”  And 
44  according  to  Glycas , 44  in  the  year  775,  the  fea  was  frdzen  along  the 
44  mediterranean  coafts,  to  the  diftance  of  flfty  leagues,  into  ice  as  hard 
44  as  a rock,  and  to  the  depth  of  thirty  cubits ; at  which  time,  al- 
44  fo,  there  fell  fo  large  a quantity  of  fnow,  that  added  thirty  cubits  to  the 
44  height  of  the  ice.” 
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16.  We  come  now  to  mifcellaneous  obfervations  upon  ice.  The  Dutch  Physics. 
in  their  famous  voyage  to  Nova  Zemhla , obferved  fome  peculiarities 
in  a huge  piece  of  ice,  under  which  they  lhelter’d  themfelves  from 
ftormy  winds  ; they  tell  us,  it  was  cover’d  on  the  top  with  earth  ; 
that  they  found  forty  eggs  thereon  ; that  its  colour  was  a perfect 
azure  ; whence  fome  of  their  crew  affirm’d  it  to  be  frozen  land  ; for 
it  lay  ten  fathom  high  above  the  water,  and  defcended  eighteen  fa- 
thom under  it,  that  is,  quite  to  the  bottom.  This  colour  in  ice  has 
been  alfo  obferved  by  Capt.  James  ; fo  that  perhaps  Virgil  might  not 
fpeak  improperly,  when  he  gave  the  epithet  blue,  to  the  ice  of  the 
frigid  zone.  ’Tis  very  confiderable,  if  true,  what  Glaus  Magnus  fays, 

“ that  when,  towards  the  beginning  of  Aprils  the  ice  begins  to  thaw, 

“ Tis  very  unfafe  to  venture  upon  it,  unlefs  in  a morning;  for  the 
cc  heat  of  the  fun  renders  it  fo  brittle,  that  tho’  it  lately  fupport- 
“ ed  armed  dragoons,  a naked  man  can  now  fcaree  walk  upon  it.  ” 

He  adds,  “ that  when  the  ice  breaks,  it  makes  a very  loud  and 
“ dreadful  noife,  like  that  of  thunder,  or  an  earthquake  ; but  efpe- 
“ daily,  if  it  happens  in  the  night.  ” And  to  this  particular,  Mr.  Hall 
agrees,  who  tells  us,  that  “ as  they  fleer’d  by  a huge  and  high  ifland 
“ of  ice,  there  fell  a piece  from  the  top  thereof,  with  a report  equal  to 
“ that  of  five  cannons  ; and  that  about  twelve  of  the  clock  one  night, 

“ they  were  fuddenly  compals’d  round  with  great  iflands  of  ice,  that 
<c  made  a molt  furprizing  hideous  noife.”  There  are  many  concurring 
teftimonies  given  of  this  noife  occafion’d  by  ice,  tho’  it  fometimes 
feems  to  proceed  from  the  dafhing  of  the  pieces  one  againft  another  j 
but  if  it  happens  at  the  time  the  ice  appears  to  cleave  fpontaneoufly, 
it  feems  difficult  to  affign  its  caufe.  Glaus  Magnus , indeed,  with  fome 
probability,  affigns  it  to  the  warm  exhalations  of  the  earth  ; and 
agreeably  hereto,  I remember,  that  fome  pieces  of  thick  ice  being 
brought  out  of  a cool  place  into  a warm  room,  made  a fmall  crackling 
noife.  I am  informed,  however,  by  a native  of  Pol 'and , that  great 
cracks  and  loud  frightful  noifes,  happen  as  well  by  the  adion  of  ex- 
ceffive  cold,  as  a thawing  heat  upon  the  ice.  And  indeed,  we  fome- 
times obferve  the  ground  to  be  cleft  in  very  violent  frofly  weather.. 

The  old  fea  captain,  whofe  teflimony  I have  twice  ufed  already,  re- 
marks, that  large  trads  of  ice  have  a power  to  deaden  the  wind  ; 
for  that  having  been  diftrefs’d  by  fbormy  weather,  and  driven  near 
huge  fhoals  thereof,  he  had  unexpeded  found  a calm,,  to  his  great 
furprize  ; and  feveral  times  failing  from  the  ice  upon  a fmooth  fea, 
he  has  met  a ftorm  at  fome  diftance  from  the  fame.  He  adds, 
that  a Dutch  failor,  who  frequented  the  northern  fcas,  affiured  him 
of  having  feveral  times  obferved  the  like  wonderful  property  of  the 
ice. 
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XIX. 

i.  ’Tis  generally  thought  there  are  liquors  potentially  hot,  wherein 
and  obfervati-  ice  will  fooner  diffolve  than  in  water.  To  bring  this  to  the  tell  of 
° duration ^of  ice  exPeriment’  we  attempted  to  freeze  water  in  bullet-moulds,  that  we 
w>^fwmight  gain  Pieces  of  ice  exadtly  of  the  fame  magnitude  •,  but  not  be- 
tbe  dejlrudiion  ing  able  to  procure  any  moulds,  whofe  cavities  were  of  equal  dimen- 
tbereof  by  air  f1Qns,  we  fubftituted  a glafs  tube  in  their  ftead  ; wherein  having  fro- 

7iaJn.eral  zen  fome  water  into  a cYlinder  of  ice’  we  divided  it  exactly  into°equal 
portions.  Thefe  pieces  we  feverally  put  into  different  liquors  at  the 
fame  time,  whilft  exadt  notice  was  taken,  by  means  of  a fecond  pendu- 
lum, furnifhed  with  an  index,  and  a divided  dial-plate,  how  long  they 
were  in  diffolving. 

Two  fets  of  our  experiments,  were  made  with  cylinders  of  ice  an 
inch  long,  and  about  half  an  inch  in  diameter*  wherein  we  obferved 
as  follows. 
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Experiments 


I. 

In 


Oil  of  vitriol 
Spirit  of  wine 
Aqua  fortis 
Water 

Oil  of  turpentine 
Air 


the  ice 
diffolved 
in 


5 

12 

I2f 

1 2 

44 

64 


minutes. 


II. 


In 


Oil  of  vitriol 
Spirit  of  wine 
Water 

Oil  of  turpentine 

Sallet-oil 

Air 


the  ice 
diffolved 


3 

13 

26 

47 

52 3 4 

[52 


minutes. 


2.  We  morever  thought  it  worth  trying,  what  difference  there 
wou’d  be  in  the  duration  of  pieces  of  ice  of  the  fame  bulk  and 
figure,  fome  whereof  were  made  from  water,  others  from  wine,  milk, 
oil,  urine,  &c.  when  expofed  to  thaw  in  the  air,  or  other  fluids;  and 
alfo  whether  motion  wou’d  impart  heat  to  ice,  by  rubbing  two  pieces 
thereof  one  againft  the  other  : and  indeed,  I found  fuch  an  attri- 
tion haften  the  di Ablution  in  that  part  of  a plate  of  ice,  which  fuf- 
tain’d  it. 

3.  And,  by  the  way,  upon  throwing  ice  into  a certain  cold  liquor, 
it  has  prefently  dilfolved,  and  produced  a great  degree  of  heat. 

4.  The  effedts  of  cold  do  not  always  depend  upon  the  adlual  prefence 
of  its  manifeft  efficients  ; for  when  thefe  have  once  brought  a difpofed 
fubjedt  to  a ftate  of  congelation,  it  will,  fometimes,  continue  therein, 
tho*  the  operation  ceafes.  And,  we  frequently  fee  that  when  a certain 
texture  is  produced  in  a body,  it  remains  there  till  fome  other  agent 
over-powers  and  removes  it,  Tho*  ice  and  fnow  may  feem  to  melt  away 
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of  themfelves  upon  the  ceflation  of  frofty  weather,  yet  the  caufe  of  their  Ph 
diffolution  appears  to  be  the  adlion  of  the  air  upon  them,  that  is  heat-  v— 
ed  by  the  fun’s  rays,  or  fome  warm  exhalations  from  the  earth  ; and, 
accordingly,  we  fee  that  great  compacted  mafTes  of  them,  will,  above 
ground,  remain  long  undilfolved,  when  the  warm  air  has  not  free  ad- 
miffion  into  the  pores  thereof ; but  if  clofe  piled  up  in  proper  referva- 
tories  below  the  furface  of  the  earth,  they  may  be  preferved  for  a flill 
longer  time  *. 

The  method  of  making  refervatories,  and  preferving  fnowin  Italy , take 
as  follows,  from  Mr.  Evelin . 44  The  fnow-pits  in  Italy  are  funk  in  the 

44  moft  folitary  places,  and  ufually  at  the  foot  of  a hill,  to  protect  them 
44  from  the  fun,  fifty  feet  deep,  in  form  of  an  inverted  truncate  cone, 

44  with  their  mouth,  twenty  five  in  diameter.  The  fides  of  the  pit  are 
44  fo  joiced  that  the  boards  may  be  nailed  very  clofe  thereon.  About  a 
44  yard  from  the  bottom  is  fixed  a flrong  frame,  upon  which  is  placed 
44  a kind  of  a wooden  grate.  The  cover  of  the  mouth  is  double  thatched, 

44  with  reed  or  flraw,  upon  a copped  roof,  on  one  fide  whereof,  ap- 
44  pears  a thatched  narrow  door-cafe  ; hipped  on  like  the  top  of  a dor- 
44  mer,  which  compleats  the  whole.  To  preferve  their  fnow  herein,  they 
44  lay  clean  flraw  upon  the  grate,  to  prevent  its  running  thro’  whilfl  they 
44  beat  it  to  a hard  icy  cake  near  a foot  thick  ; upon  which  a layer  of  flraw 
44  being  laid,  they  place  more  fnow  thereon,  and  flraw  upon  this  ; and 
44  thus  continue  layer  upon  layer,  till  the  pit  be  filled : when  they  cover 
44  the  whole,  thick,  with  flraw  or  reed,  and  fhut  the  door.  The  grate 
44  is  contrived  to  drain  off  the  liquor  that  might  run  from  the  fnow,  if 
44  by  accident  any  fhould  melt,  which  would,  otherwife,  haflen  the  dif- 
44  folution  of  the  refl  •,  and  upon  this  account  the  bottom  is  but  flightly 
44  fleen’d.  The  curious  preferve  a circle  of  tall,  fhady  trees,  about  the 
44  mouth  of  the  pit.” 

5.  The  Dutch  relate,  that  in  their  Nova  Zemhla  voyage,  tho’  the 
weather  proved  fair  and  fun-fhiny,  yet  the  heat  was  not  flrong  enough 
to  melt  the  fnow  on  the  twenty  third  of  June . Nay,  in  warmer  climates, 
fnow  will  remain,  during  the  whole  fummer  feafon,  undiffolved  upon 
the  tops  of  high  mountains.  And  Captain  James  fays,  that  46  in  July 
44  and  the  beginning  of  Augitji , we  expofed  fome  pieces  of  ice,  that 
44  meafured  two  feet  fquare,  to  the  heat  of  the  fun  in  the  fhip’s  boat  ; 

44  whereon  the  rays  played  flrongly ; yet,  notwithflanding  that,  and 
44  the  warmth  of  the  fliip,  wherein  we  kept  a large  fire,  they  lay  eight 
44  or  ten  days  before  they  would  melt.”  He  farther  obferves,  that 
44  the  ground  continued  frozen  till  June , tho’  the  weather  was  then  hot 
44  upon  the  fhoar.”  The  fame  perfon  alfo  relates,  that  a but  of  wine, 
which  flood  all  the  winter  upon  deck,  continued  firm  frozen  till  the 
month  of  May . 


fooner  in  Vacuo , than  in  open  air.  HiJI.  de 
VAcadm.  A.  1708,  26. 

1.  The 


* ’Tis  a remarkable  obfervation  of  M. 
Hombcrg)  that  ice  in  fummer  diiToives  much 
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xx. 

1.  The  difpute  about  the  Primum  Frigidum  is  become  famous  among 
and  expert-  naturalids  *,  fome  contending  it  is  the  earth,  others  the  air,  and  fome  of 

^ the  moderns,  that  it  is  nitre  *,  but  all  feem  to  agree  that  there  is  fome  par- 
Frigidum.  ticular  body  fuperlatively  cold  in  its  own  nature,  by  partaking  whereof, 
all  other  cold  bodies  obtain  that  quality. 

2.  But,  in  my  opinion,  before  men  had  fo  deeply  engaged  in  this  dif- 
pute, they  fhould  have  enquired  whether  there  were  any  fuch  thing  as  a 
Primum  Frigidum ; for  tho’  I will  not  refolutely  deny  its  exidence,  yet, 
i think  it  may  well  be  quedioned,  and  that  upon  feveral  accounts. 

And  fird,  it  is  very  difputable,  whether  cold  be  a pofitive  quality,  or 
a bare  privation  of  heat ; and  till  this  quedion  can  be  determined,  it  mud 
feem  improper  to  enquire  which  is  the  Primum  Frigidum. 

’Tis,  indeed,  generally  taken  for  granted,  that  heat,  moidure,  drynefs, 
gravity,  &c.  have  each  of  them  a principal  fubjed  to  refide  in,  yet  this 
feems  to  be  only  a groundlefs  fancy  •,  for  there  are  many  qualities,  as  gra- 
vity, figure,  motion,  colour,  found,  &c.  of  which  no  true  and  genuine 
primary  fubjed  is  aflignable  : and  fince  heat  and  cold  are  look’d  upon  as 
qualities  diametrically  oppofite,  it  will  be  very  hard  to  fhew  that  there 
is  a 7rgu1ov  Jek1ixo\  of  the  former  ; fince  ftones,  metals,  plants,  animals, 
and  almod  all  folid  bodies,  will,  by  motion,  become  hot. 

Among  the  bodies  generally  alledged  for  this  purpofe,  there  is  not 
one  that  feems  to  deferve  the  title  of  Primum  Frigidum.  Plutarch  fup- 
pofes  the  earth  to  be  the  Primum  Frigidum  ; yet  we  fee  the  earth  is  fro- 
zen not  by  its  own  cold,  but  thro’  its  vicinity  to  the  air  •,  for  the  con- 
gealing cold,  even  in  the  midd  of  winter,  afieds  only  its  furface  where 
it  borders  on  the  air,  and  feldom  penetrates  above  a few  feet  into  its 
fubdance  *,  and,  therefore,  if  the  earth  be  any  way  proteded  from  the 
air,  it  will  remain  unfrozen  all  the  winter  long  •,  as  may  appear  from 
that  remarkable  pradice  in  the  great  falt-marfhes  of  the  French 
I (lands  of  Xaintonge , where,  when  the  feafon  of  coagulating  fait  by  the 
heat  of  the  fun  is  pad,  the  owners,  by  opening  certain  fluices,  over- 
flow all  the  banks  and  dams  that  divide  the  falt-ponds  *,  for  if  they 
left  their  works  uncovered,  the  trod  would  make  a great  havock  a- 
mong  them. 

Befides,  the  earth,  upon  this  fuppofition,  being  the  colded,  as  it 
is  the  heavied  and  mod  folid  of  the  elements,  it  is  improbable  that 
thofe  exceffively  cold  agents,  that  freeze  the  clouds  into  fnow  and 
hail,  fhould  be  terredrial  exhalations.  And  ’tis  not  eafy  to  fay,  why,  if 
elementary  corpufcles,  deaming  from  the  earth,  have  fuch  a congealing 
power  where  they  are  difunited,  and  barely  interfperfed  among  the 
particles  of  air,  the  mafs  of  the  earth  it  felf,  from  whence  thofe  ex- 
halations are  fuppofed  to  proceed,  fhould  not  be  able  alfo  to  freeze 
water. 


Another 
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Another  argument  againft  the  earth’s  being  the  Primum  Frigidum , may  Ph 
be  taken  from  the  fubterraneal  fires  which  break  out  in  many  places  of  v— - 
the  earth  ; from  whence  fome  would  ffiew,  the  earth  to  be,  naturally, 
neither  hot  nor  cold.  And  even  where  there  appear  no  manifeft:  figns 
of  thefe  fires,  perfons,  who  defcend  to  the  bottom  of  deep  mines, 
have  complained  that  a very  little  exercife  would  put  them  into  a vio- 
lent fweat : and  the  learned  M.  de  Claves , who  hath  written  of  precious 
Hones,  affirms,  that  in  fuch  mines,  the  fubterraneal  vapours  are  fo  thick 
and  hot,  that  the  miners  are  obliged  to  work  in  their  Hurts.  I am  not, 
however,  fatisfied,  that  thofe  deep  places  would  have  appeared  as  hot, 
when  judged  of  by  a fealed  weather-glafs,  as  they  did  to  the  miners 
bodies  ; tho’  the  poffeffor  of  a lead  mine  affured  me,  he  did  not  ufually 
find  any  difficulty  of  breathing  therein,  notwithftanding  the  fame  dif- 
pofition  to  fweat  ; and  others,  alfo,  have  not  complained  of  having  their 
refpiration  incommoded  in  fuch  places,  unlefs  by  accidental  damps : and 
the  author  lately  mention’d,  exprefly  affirms,  that  the  fame  effedt  is  ob- 
ferved,  in  the  bowels  of  the  earth,  as  well  in  fummer  as  in  winter. 
Befides,  ’tis  generally  found,  that  very  deep  wells  and  fprings  freeze 
not;  but  the  water  often  comes  up  fmoaking  from  thence:  which 
argues  that,  at  leaff,  the  earth  wherein  it  lay,  or  thro’  which  it  pafs’d, 
was  free  from  fuch  a degree  of  cold,  as  might  be  expedled  if  the 
earth  were  the  Primum  Frigidum . Nor  can  it  be  reafonably  pretended, 
that  the  fubterraneal  heat,  proceeds  from  the  rays  of  the  fun  ; fince 
they  heat  not  the  earth  above  fix  or  feven  feet  deep,  even  in  fouthern 
countries.  And  if  the  lower  part  of  the  earth  were,  of  its  own  na- 
ture, cold,  and  receiv’d  the  heat  it  affords,  only  from  the  fun  and 
ftars ; the  deeper  men  defcend  therein,  the  lefs  degree  of  heat  and 
fleams  they  would  meet  with ; which  is  contrary  to  our  French  author’s 
obfervation. 

Morinus^  another  French  author,  who  had  the  curiofity  to  defcend 
himfelf  into  the  mines  of  Hungary , fome  of  which  are  three  or  four 
hundred  fathom  deep,  relates,  that  after  he  had  defcended  about  an 
hundred  fathom,  he  came  into  a very  warm  region  of  the  earth, 
which  lafted  to  the  bottom  of  the  mine ; and  is  fo  hot,  both  in  win- 
ter and  fummer,  that  the  labourers  ufually  work  therein  without  their 
clothes  : he  adds,  that  himfelf  was  fcarce  able  to  bear  the  heat,  tho* 
the  external  air  was  very  hot ; it  being  fair  weather,  and  in  the  month 
of  July.  And  he  farther  declares,  he  was  told  by  the  overfeers, 
that,  ’twas  univerfal,  the  lower  they  defcend,  beyond  a hundred  fa- 
thom, the  hotter  it  grows.  But  having,  my  felf,  been  to  the  bot- 
tom of  fome  mines,  I fufpedl,  that  this  degree  of  heat,  obferv’d  in 
the  Hungarian  mines,  might  in  great  part,  proceed  from  the  pecu- 
liar nature  of  the  place,  or  of  the  minerals  generated  there ; and  not 
wholly  from  their  vaft  depth  beneath  the  furface  of  the  earth.  For, 
feveral  mixtures  of  bodies,  not  adtually  hot,  will  produce  a confiderable 
Vote  I,  N n n n degree 
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degree  of  heat.  And  very  credible  eye-witneffes  have  affirmed,  that,  in 
fome  parts  of  England , they  dig  up  large  quantities  of  a kind  of  mineral, 
fuppofed  to  be  vitriolic,  which,  by  the  bare  addition  of  common  water* 
will  grow  fo  hot  as  almoft  to  take  fire.  So  that  the  Hungarian  mines  be- 
ing deep,  and  not  deftitute  of  water,  it  may  be  fufpetted,  that  either  this 
fluid,  or  fome  peculiar  mineral  fpirit,  or  juice*  may,  with  the  mineral,, 
produce  a warm  fleam,  which,  for  want  of  fufficient  vent,  in  thofe  clofe 
places,  yield  a confiderable  heat.  And  this  conjedlure  may  be  coun- 
tenanced by  three  circumftances,  which  I take  notice  of  in  our  author’s- 
narrative.  For  fir  A,  the  fmoke  that  plentifully  afcended  out  of  the 
mine,  thro5  the  perpendicular  groove,  confifted  of  fetid  exhalations, 
which  were  fo  faline  and  fretting,  as  frequently  to  corrode  and  fpoil 
the  wooden  ladders,  and  the  iron  inftruments  of  the  diggers.  Second- 
ly, the  overfeers  of  the  mines  told  Morinus7  that  they,  in  fome  places, 
met  with  veins  of  hot  minerals,  which  augmented  the  heat  of  the  place.. 
And  laftly,  as  our  author  defcended  into  the  gold-mine  at  Cremnitz , 
he  found  in  one  place,  the  heat  to  increafe  gradually,  and,  at  length, 
to  exceed  what  he  had  met  with  in  any  other  mine  *,  and  afterwards, 
coming  into  a fpacious  room,  that  abounded  with  fmaragdine  vitriol,, 
from  whence  this  heat  proceeded,  he  found,  befides  a lharp  fpirit,  ve- 
ry offenfive  to  his  throat,  a heat  that  made  him  ready  to  faint  away 
with  fweating.  And,  elfewhere,  the  fame  author  remarks,  that  fuch 
hot  mines  of  vitriol,  or  fulphur,  may  be  found,  even  near  the  fur- 
face  of  the  earth,  and  diffufe  a heat  all  around,  to  a very  great 
diftance. 

But  if  it  be  obje&ed,  that  this  fubterraneal  heat  is  adventitious  to  the 
earth,  which  remains  fuperlatively  cold  of  its  own  nature ; it  may  be 
reply’d,  5tis  fomewhat  ftrange,  that  nature  fhould  have  intended  the 
earth  for  the  Summum  Frigidum , and  yet  a great  part  thereof  be  con- 
flantly  kept  warm,  either  by  the  fun,,  as  under  the  torrid  zone,  or  by 
fubterraneal  fires. 

But  if  it  be  pretended,  that  when  the  earth  is  faid  to  be  the  Primum 
Frigidum , not  the  elementary  earth,  but  fome  body  mixed  with  it,  is 
thereby  meant,  I defire  to  know  which  of  the  many  bodies  that  make 
up  the  terreftrial  globe,  muft  be  fixed  upon  for  this  purpofe,  that  we 
may  examine  its  claim  j in  the  mean  time,  I conclude,  that  the  earth  has 
none  fuch  * fince,  upon  this  fuppofition,  a colder  body,  than  that 
is  allowed  to  be,  gives  it  the  greateft  degrees  of  coldnefs  it  can  pof- 
fefs.  I muft,  however,  diflent  from  the  learned  Gajfendus,  in  thinking 
the  earth  to  be  naturally  no  more  cold  than  hot.  For  its  infenfible 
parts,  like  thofe  of  other  firm  bodies,  being  heavy,  and  perhaps  grofs, 
and  either  having  no  conftant  motion,  or,  at  leaft,  a far  more  gentle 
one  than  our  organs  of  fenfe ; it  fhould  follow,  that  the  earth  muft 
feem  cold  to  us,  unlefs  it  be,  fome  way  or  other,  put  into  an  unna- 
tural degree  of  agitation : and*  for  the  like  reafon  its  not  improbable 
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that  pure  earth,  fhould,  in  its  own  nature,  be  colder  either  than  pure  wa-  Physics. 
•ter  or  pure  air;  fince  the  earth  being  a folid  body,  its  component  parti-  v — ' 
cles  are  at  reft  among  themfelves,  or,  at  leaft,  mov’d  with  an  almoft  in- 
finite flownefs  *,  whilft  water  and  air,  being  fluids,  their  component  par- 
ticles muft  be  in  a different,  refllefs  motion,  and,  confequently  hotter  *, 
that  is,  in  a ftate  wherein  the  various  agitations  of  their  more  mi- 
nute particles  is  more  vehement. 

And  if  thofe  who  plead  for  the  earth  in  this  cafe,  had  declared  they 
mean  not  the  pure  or  elementary  earth,  but  part  of  the  terreftrial 
globe,  diftinguifhed  from  the  fea  and  other  waters ; and  would  alfo 
have  earth,  in  this  fenfe,  to  be  only  the  Snmmum  Frigidum  \ perhaps 
they  might  have  a better  plea  for  their  opinion,  than  thofe  who  contend 
for  the  water  or  the  air  •,  fince  the  Dutch , who  failed  thrice  to  Nova 
Zemhla , and  once  wintered  there,  affirm,  that  the  higheft  degrees  of 
cold,  are  not  to  be  met  with  on  the  main  fea,  which  is  moll  expofed  to 
the  operation  of  the  air  and  water,  but  either  upon  land  or  near  it. 

And  Fournier  tells  us,  that  “ in  the  year  1595,  the  Hollanders , being 
cc  intercepted  by  icy  fhoals,  in  the  (freights  of  Weigats , and  meeting  with 
“ fome  Mufcovites , were  told  by  them,  that  neither  the  northern  fea,  nor 
44  that  of  Tartary , were  ever  froze,  but  only  that  {freight,  and  the  fea 
44  contiguous  to  the  fhores  of  fome  bays  and  gulphs,”  and  our  author  af- 
firms, in  general  terms,  that  the  main  feas  never  freeze. 

On  the  contrary,  I have  been  told,  that  in  Siberia , a northern  pro- 
vince of  Ruffia , the  ground  is  thaw’d,  during  the  fummer,  only  about 
two  feet  deep,  whilft  it  (till  continues  frozen  below  *,  tho’,  by  the  way, 
there,  notwithftanding,  grows  good  corn  on  the  furface. 

That  Vater  fhould  be  the  Primum  Frigidum , is  contrary  to  experience. 

For,  not  to  mention  how  very  difficult  it  would  be  to  prove  that  abun- 
dance of  cold  bodies,  as  gold,  filver,  cryftal,  fufible  (tones,  &c.  con- 
tain any  water  *,  nor  to  urge  the  arguments  that  fome  contenders  for  the 
fuperlative  coldnefs  of  the  air  employ,  I (hall  content  my  felf  with  this 
obvious  phenomenon  of  cold,  that  in  receptacles  of  water,  congelation 
begins  at  the  furface,  where  the  fluid  is  expofed  to  the  immediate  con- 
tad;  of  the  air.  Now,  this  fufficiently  argues  that  the  air  is  colder  than 
the  water ; fince  it  is  able  not  only  fenfibly  to  refrigerate,  but  deprive 
it  of  its  fluidity  whilft,  if  the  water  it  felf  were  the  Primum  Frigidum , 
it  either  ought  to  be  always  congealed,  or  we  may  juftly  demand  why 
the  glaciation  thereof,  fhould  not  begin  in  the  middle,  or  at  the  bottom, 
as  foon  as  at  the  top. 

’Tis  a received  tradition,  indeed,  among  the  water-men  and  fome 
others,  that  the  rivers  and  ponds,  alfo,  are  frozen,  firft  at  the  bot- 
tom, and  begin  to  thaw  there.  But,  ’tis  evident,  that  in  water  expofed 
to  freeze,  in  large  veftels,  the  congelation  begins  at  the  upper  furface, 
and  thence,  as  the  cold  prevails,  the  ice  increafes  and  thickens  down- 

N n n n 2 war<3s ; 
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Physics,  wards;  and  for  this  reeafon,  frogs  retire,  in  frofty  weather,  to  the  bottom 
of  ditches,  whence  I have  taken  many  of  them,  very  brifk  and  vigorous, 
from  under  the  thick  ice  that  covered  the  water  : and  I have  been 
inform’d,  by  an  obferving  perfon,  that,  at  leaft,  in  fome  places,  ’tis 
ufual,  in  winter,  for  fhoals  of  fifh  to  retire  to  thofe  depths  of  the  fea, 
and  rivers,  where  they  are  not  to  be  found  in  fummer.  But  if  rivers  were 
frozen  firft  at  the  bottom,  we  muft,  very  frequently,  meet,  in  the 
emerging  pieces  of  ice,  the  fhapes  of  thofe  irregular  cavities  and  pro- 
tuberances that  are  often  feen  in  the  uneven  foils  over  which  rivers 
take  their  ccurfe  ; yet  thofe  pieces  of  ice  are  generally  flat,  as  if 
generated  on  the  furface  of  the  water.  Moreover,  if  even  deep  ri- 
vers freeze  firft  at  the  bottom,  why  fhou’d  not  fprings  and  wells 
freeze  firft  at  the  bottom  too  ? But  that  which  deceives  our  water- 
men, is,  they  frequently  obferve  flakes  of  ice  afcend  from  the  bottom  of 
rivers  to  the  top,  where,  it  often  happens,  that  after  a hard  froft  has 
continued  a while,  thefe  emerging  pieces  of  ice,  contribute  greatly  to 
the  freezing  over  of  rivers  ; for,  coming  in  fome  of  the  narrower 
parts  of  them,  to  be  flopped  the  fuperficial  ice,  that  reaches  on  each 
fide  of  the  river,  far  from  the  banks  towards  the  middle  ; thofe  flat 
icy  bodies  are  eafily  cemented  by  the  violence  of  the  cold,  and,  by 
means  of  the  contiguous  water,  to  one  another ; and  fo,  by  degrees, 
ftreightning,  and,  at  length,  choaking  up  the  paflage,  they  flop  the 
other  flakes  of  ice,  that  either  emerging  from  the  bottom,  or  loof- 
ened  from  the  banks  of  the  river,  are  carried  down  the  ftream  to- 
wards them  ; and  thofe  being  alfo,  by  the  fame  cold,  cemented  to  the 
reft,  the  river  is,  at  length,  quite  frozen  over.  And  the  reafon  why 
fo  many  flakes  of  ice  come  from  the  bottom  of  the  river,  feems  to 
be,  that,  after  the  water  has  been  frozen,  all  along,  near  the  banks, 
either  the  warmth  of  the  fun,  or  fome  other  accident,  thawing  the 
ground,  or  otherwife,  loofening  many  pieces  of  ice,  together  with  the 
earth,  ftones,  &c.  v/hereto  they  adhere,  from  the  more  liable  parts  of 
the  banks,  thefe  heavy  bodies  carry  down  with  them  the  ice  wherein 
they  lie  ; but  then  the  water  at  the  bottom  of  the  river  being  warm, 
in  comparifon  of  the  air,  in  frofty  weather,  the  ice,  by  degrees,  is  fo 
diflblved  in  thofe  parts,  by  which  it  held  to  the  ftones,  earth,  or  other 
heavy  bodies,  that  the  remaining  portion,  being  fpecifically  fighter  than 
water,  gets  loofe,  emerges,  and,  perhaps,  carries  up  with  it  ftones  and 
clods  of  earth,  that  may  yet  flick  thereto,  or  be  inclofed  therein  ; the 
fight  whereof  perluades  the  water-men,  that  fuch  flakes  of  ice  were 
generated  at  the  bottom  of  the  river ; tho*  a large  piece  of  ice  may 
buoy  up  and  fupport  bodies,  of  that  kind,  of  a great  bignefs,  pro- 
vided the  ice  and  they  together,  exceed  not  the  weight  of  an  equal 
bulk  of  water.  Thus  Captain  James  Hall  relates,  that  upon  a large 
piece  of  ice  in  the  fea,  they  found  a ftone  which  they  judg’d  to  be 
three  hundred  pound  weight. 


Befides, 
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Befides,  the  froft  is  ufually  hardeft  when  the  air  is  clear  and  freed  from  Physics. 
aqueous  vapours  *,  but  the  cold  is  more  remifs  in  rainy  weather.  And  to 
this  we  may  add,  what  was  lately  obferved  of  the  perpetual  fluidity  of 
the  main  fea,  and  of  the  overflowing  the  falt-works  in  France  *,  from 
whence  the  water  feems  not  difpofed  to  receive  any  very  intenfe  degree 
of  cold  at  a confiderable  diftance  from  the  air : for  we  formerly  obferved, 
that  the  congealing  cold  penetrates  nothing  near  fo  deep  as  the  thick- 
nefs  of  fome  pieces  of  ice  found  in  the  fea,  might  lead  one  to  fufpedt ; 
thefe  being  only  maflfes  form’d  of  many  flakes  and  fragments,  which 
running  upon  or  Hiding  under  one  another,  are,  by  the  congelation  of 
the  intercepted  water,  cemented  together  into  a bulk  mifs-lhapen  and 
unweildy.  Thus  Captain  James  informs  us,  that  44  it  feldom  rains  in 
44  Charlton  ifland  after  the  middle  of  September , but  fnows : and  the 
44  fnow,”  fays  he,  44  will  not  melt  either  on  the  fhore  or  fands : when 
44  it  fnows  at  low- water,  the  fands  are  all  covered  over  with  it,  which 
44  the  half -tide  carries  off  into  the  great  bay  •,  and  every  low  water 
46  the  fands  are  left  clear  : thus  it  daily  gathers,  till  the  latter  end  of 

44  October  ; and  by  that  time,  it  renders  the  feas  fo  cold,  that  as  the 

44  fnow  falls,  it  lies  on  the  water  in  flakes,  without  changing  its  co- 
44  lour  * but  as  the  winter  comes  on,  it  begins  to  freeze  upon  the 

44  furface  three  inches,  or  more,  in  one  night  j which  being  carried 

44  away  by  the  half- tide,  it  meets  with  fome  obftacle,  and  then  runs 
44  upon  itfelf,  fo  that  in  a few  hours,  it  will  be  five  or  fix  feet  thick: 

44  the  half-tide  flill  flowing,  carries  it  off  fo  fail,  that  by  December , 

44  it  is  grown  to  an  infinite  quantity  of  ice.”  And  the  famous  Mr. 

Hudfon  fays,  44  there  are  prodigious  flioals  of  ice  in  the  fea  towards 
44  the  pole  •,  many  founds  and  rivers  being  in  the',  lands  of  Nova 
44  Zcmbla  and  Newland  to  ingender  it  ; befides  the  toaft  of  Pecora , 

44  Rujjia , Greenland , &c.” 

I cannot,  however,  imagine,  that  water  is  indifferent  as  to  heat 
and  cold  * for,  bating  the  heat  of  the  fun,  which  is  only  adventitious 
where  it  operates,  and  which  leaves  many  vafl:  portions  of  water  untouched  9 
the  infenfible  parts  of  that  fluid  are  much  lefs  agitated  than  thofe 
of  our  organs,  and  confequently  may,  in  regard  thereto,  be  judged  cold  : 
for  tho’  water  be  allowed  a various  motion  of  its  component  parts, 
yet  an  agitation  fufflcient  for  fluidity,  is  often  much  more  How  than 
that  of  the  fpirits,  blood,  and  other  fluids  of  a human  body.  Thus, 
tho’  urine  continues  fluid,  after  being  long  evacuated,  yet  its  parts  are 
far  lefs  agitated  than  when  it  came  frefh  out  of  the  bladder.  Nay, 
the  whole  body  of  the  fea  is  very  cold  at  any  confiderable  depth,  as  a 
profefled  diver  told  me  i and,  particularly,  he  faid,  that  having  occafion 
once  to  defcend  about  twelve  or  fourteen  fathom  deep  near  the  nor- 
thern coafl,  tho’  his  engine  very  well  fupplied  air  for  refpiration,  and 
tho*  he  felt  no  other  inconveniencies,  yet  the  cold  was  fo  violent, 
that  he  could  not  bear  it  for  above  two  or  three  hours.  I have  of- 
ten 
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Physics,  ten  wifhed,  indeed,  that  he  had  then  been  provided  with  a thermo- 
meter,  to  fnew  whether  the  intenfe  cold  he  felt  were  real,  or  chiefly” 
regarded  his  body  in  that  ftate.  But  this  is  not  the  only  perfon  who 
has  found  the  fea  exceeding  cold  ♦,  for  Beguinus  relates  the  fame  thing 
from  the  mouth  of  an  overfeer  of  the  coral-fifhery,  in  the  kingdom 
of  unis.  And  Jofephus  Acojla  tells  us  “ it  is  remarkable,  that  in  the 
“ depth  of  the  ocean,  the  water  cannot  be  heated  by  the  violence  of 
tc  the  fun,  as  in  rivers.  Nay,”  fays  he,  “ as  fdt-petre,  tho*  it  be  of 
<c  the  nature  of  fait,  hath  the  property  to  cool  water,  fo  we  fee, 
“ that,  in  fome  parts,  filt-water  hath  the  faculty  of  refrelhing  •,  which 
4C  we  obferved  in  that  of  Callao , wrhere  they  put  their  wine  into  the 
“ fea  to  cool  it  •,  whence  it  appears  that  the  ocean  may  temper  and 

moderate  exceflive  heat ; and  upon  this  account,”  adds  he,  “ we  feel 
cc  greater  heat  at  land,  ceteris  paribus , than  at  fea  •,  and  find  countries 
“ lying  near  the  fea  to  be  cooler,  than  thofe  that  are  farther  from  it.” 
Upon  the  whole,  it  appears,  that  both  in  very  cold  and  very  hot  re- 
gions, the  deep  parts  of  the  fea  are  very  cold,  the  fun-beams  being 
unable  to  penetrate  to  any  great  depth  therein  and  accordingly  the 
diver,  lately  mentioned,  told  me,  he  could  not  difcern  the  light  of  the 
fun  at  any  great  diftance  from  the  furface  of  the  water  •,  but  that  as 
he  gradually  defcended  deeper,  he  found  it  grew  darker,  to  fuch  a de- 
gree, as  would  fcarce  have  been  expe&ed  in  fo  tranfparent  a body  as 
< water.  But  this  coldnefs  of  the  fea  is  not  intenfe  enough  to  entitle  water 
to  the  appellation  of  the  Primum  Frigidum  ; fmce  divers  have  not  found 
it  fufficiently  cold  to  freeze  the  water  at  the  bottom,  as  the  air  often 
does  at  the  top. 

The  next  opinion  we  are  to  confider,  is  that  of  thofe,  who  fuppofe  the 
air  to  be  the  Primum  Frigidum. 

Now,  not  to  mention  that  the  air  is  often  reckoned  among  the  hot  ele- 
ments *,  that  its  heat  is  very  great  in  the  torrid  zone  ; nor  that,  accord- 
ing to  the  generality  of  philofophers,  the  upper  region,  which  is  incom- 
parably the  greateft  part  of  it,  always  remains  hot,  and  the  lower  region, 
alfo,  in  comparifon  of  the  middle  ; I obferve,  that  ’tis  not  eafie  to  fhew 
how  the  great  cold  in  the  lower  parts  of  the  fea,  proceeds  from  that  of  the 
air,  whofe  operation  feems  not  to  reach  very  far  beneath  the  furface  of  the 
water.  For  Captain  James , who  had  very  good  opportunity  to  try  it, 
allows  not  the  froft  to  penetrate  above  two  yards  perpendicularly  down- 
wards from  the  furface  of  the  water,  even  in  the  coldeft  habitable  re- 
gions. And  this  feems  the  more  rational,  by  confidering,  that  in  cafe 
the  coldnefs  of  the  fea  proceeded  conftantly  from  the  air,  the  cold 
would  be  greater  near  the  furface,  where  5tis  contiguous  to  the  air, 
than  in  the  parts  remote  from  it  j and  yet  the  contrary  has  been  made 
appear  already. 

But  if  it  be  objedled,  that  this  proves  no  more  than  that  the  air  is 
not  the  Primum  Frigidum , and  that  it  may  ftill  be  the  Summum  Frigidum  *, 

becaufe 
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becaufe  water  begins  to  freeze  at  the  top,  where  ’tis  expoled  to  the  Physics, 
air  *,  to  this  vulgar  experiment,  I oppofe  that  of  mine,  often,  al- 
ready, mention’d  ; wherein,  by  an  application  of  fait  and  fnow,  water 
comes  to  freeze  from  the  bottom,  or  any  fide,  at  pleafure  ; and  that 
too,  much  fooner  than  the  air  would*  even  in  a fharp  frofty  night.  And 
when  exceeding  cold  weather  had  reduced  a parcel  of  air,  purpofely 
included  in  a convenient  glafs,  to  as  great  a degree  of  condensation* 
as  it  pofiibly  could  ; I have,  by  an  external  application,  condenfed  it 
much  farther  *,  which  argues  that  ’tis  not  mere  air,  but  fome  adventi- 
tious frigorific  particles,  fometimes  mingled  therewith,  that  produce,  or 
occafion,  the  mod  remarkable  degrees  of  cold.  And  thus,  by  a due  ap- 
plication, water  will  be  congealed,  whether  air  touches  the  furface 
thereof  or  not  ; or  tho’  bodies*  which  the  air  can  neither  penetrate 
nor  congeal,  interpofe  ; as  may  appear  by  the  experiments  formerly 
mentioned  of  freezing  water  included  in  glafs-bubbles,  and  fufpended 
in  oil  of  turpentine,  &c.  And  it  is,  here,  worth  obferving,  by  thofe 
who  fuppofe  air  to  be  the  Primum  Frigidum , becaufe  water  begins  to 
freeze  at  the  top,  where  ’tis  contiguous  to  the  air  5 that  it  is  there,  alfo* 
where  the  ice  begins  to  thaw. 

Befides  the  three  opinions  hitherto  examin’d,  there  is  a fourth,  attri- 
buted to  GaJJendus , that  deferves  to  be  ferioufiy  confidered.  This  fuppofes 
the  congelation  of  liquors,  and  the  cold  in  air,  water,  £dV.  to  proceed 
from  nitrous  particles,  or  exhalations,  mixed  therewith  : but  I cannot 
allow  nitre  to  be  the  grand  univerfal  efficient  of  cold.  ’Tis  true, 
falt-petre  feems  to  be  one  of  thofe  bodies  that  are  endued  with  a re- 
frigerating power,  and  is  plentifully  difperfed  thro’  Several  portions 
of  the  earth  •,  but,  perhaps,  there  may  be  Several  other  caufes  of  cold, 
and  Several  other  bodies  qualified  for  its  efficients. 

And  firft,  if  cold  be  not  a pofitive  quality,  but  the  abfence  of  heat, 
the  removal  of  calorific  agents  will,  in  many  cafes,  Suffice  to  produce 
cold,  without  the  introdudlion  of  any  nitrous  particles  into  the  body 
to  be  refrigerated.  But  becaufe  ’tis  disputable,  whether  cold  be  a po- 
fitive quality,  or  no,  we  urge  this  argument  no  farther,  till  that  contro- 
versy be  decided. 

Secondly,  I fee  no  reafon  why  the  great  cold  we  have  mention’d  to  be 
met  with  in  the  depth  of  the  ocean,  ffiou’d  be  the  effiedt  of  nitrous 
atoms,  which  muft  certainly  fwarm  in  prodigious  multitudes,  to  refri- 
gerate every  fenfible  particle  of  the  fea.  Befides,  ’tis  not  known,  that 
nitre,  efpecially,  in  vafl:  quantities,  reaches  near  fo  deep  in  the  earth, 
as  thofe  parts  of  the  fea  which  are  found  to  be  exceeding  cold.  And 
as  the  more  Subtile  part  of  nitre  is  more  dispos’d  to  fly  up  into  the 
air,  than  dive  down  into  the  fea,  So  we  find  no  Signs  of  its  gtofier 
and  more  fenfible  parts  abounding  in  the  Sea-water  ; Since,  upon  eva- 
porations thereof,  it  leaves  no  falt-petre  behind  it.  But  thefe  conside- 


rations are  not  all  that  weigh  with  me. 


For, 
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Physics.  For,  thirdly,  I am  not  fatisfied  with  what  is  alledg’d  to  prove,  that 

' the  air,  and  adjacent  parts  of  the  earth  and  water,  receive  their  high- 

eft  degrees  of  cold  from  nitre.  For  tho*  Gajfendus , with  others,  fays, 
5tis  nitre  refolv’d  into  exhalations  that  makes  the  gelid  wind,  which 

refrigerates  whatfoever  it  touches,  and  penetrating  into  the  water  con- 

geals it  •,  this  feems  a precarious  hypothefis,  until  we  know  on  what 
experiments  the  dodtrine  depends.  For  my  part,  T have  feen  no  great 
effedts  from  the  fteams  of  nitre,  more  than  of  other  faline  bodies, 
in  the  production  of  cold  •,  and  the  fpirit  of  it,  which  is  a liquor  con- 
futing of  its  volatile  parts,  appears  not  to  the  touch,  to  be  adtu- 

ally  colder  than  many  other  liquors,  but  even  potentially  hot.  For 

whether  or  no  the  exhalations  of  nitre  be  able  to  congeal  water  into 
ice,  I have  formerly  obferv’d,  that  fpirit  of  nitre,  or  Aqua  fort  is , wall 
diflalve  ice  into  water,  nearly  as  foon  as  fpirit  of  wine  •,  a liquor  ge- 
nerally allow’d  to  be  potentially  hot  in  a very  high  degree.  Gajfen - 
dus9  indeed,  afierts,  that  diftolv’d  nitre  mix’d  with  water  freezes  it,  and 
that  even  in  the  fummer ; but  I muft  freely  profefs,  that  altho*  fome 
other  learned  moderns  teach  the  fame  thing,  I,  who  am  no  ftranger 
to  nitrous  experiments,  have  never  been  able  to  fee  any  fuch  effedt  : 
and  ’tis  fomewhat  ftrange,  that  chymifts,  who  make  frequent  folu- 
tions  of  nitre,  and  often  with  lefs  water  than  is  fufficient  to  diflolve 
it  all,  fo  that  its  proportion  to  the  water  muft  have  run  thro’  almoft 
all  poflible  degrees,  fhou’d  never,  by  chance,  have  obferv’d  any  fuch 
phenomenon. 

But  to  come  to  our  own  experiments. 

1.  I took  a pound  of  good  falt-petre,  and  near  three  pounds  of  com- 
mon water,  (which  was  probably  Gajfendus9  s proportion,)  and  put  them 
into  a large  new  pipkin,  where  they  were  kept  conftantly,  and  nim- 
bly ftirr’d,  fometimes  in  a whirling  motion,  and  fometimes  in  a more 
confus’d  agitation,  for  almoft  an  hour  and  a half,  till  we  faw  no  like* 
lyhood  of  effecting  any  thing  thereby  *,  for  we  cou’d  not  perceive  any 
atom  of  true  ice  produc’d,  or  fo  much  as  any  freezing  of  the  va- 
pours on  the  outfide  of  the  veffel  : and,  for  this  reafon,  we  thought 
fit,  at  the  fame  time,  to  try  the  experiment  by  another  kind  of  agi- 
tation. Mixing  then  two  ounces  of  falt-petre  with  about  fix  of  water 
in  a conveniently  ftz’d  vial,  we  fuccefiively  and  vehemently  fhook  it 
to  and  fro,  till  we  were  almoft  tired  *,  but  neither  by  this  way  was  there 
produced  any  ice  within  the  glafs,  or  the  leaft  congelation  of  the  va- 
pours on  the  out-fide  of  it. 

’Tis  true,  when  fo  great  a proportion  of  falt-petre  began  to  dif- 
folve  in  the  pipkin,  the  water  had  a fenfible  increafe  of  coldnefs, 
which  afterwards  feem’d  to  diminifh,  when  once  the  nitre  was  dif- 
folv’d  ; but  we  obferv’d  the  water  to  be  refrigerated,  when,  upon  the 
difiolution  of  common-falt,  multitudes  of  adtually  cold  and  folid  cor- 
pufcles,  came  to  be  every  way  difpers’d  thro*  it,  and  the  coldnefs 

produc’d 
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produc’d  by  the  nitre,  was  very  far  fliort  of  the  degree  requifite  fo  P 
congelation  •,  for  to  fiuisfy  rnyfelf  that  my  fence  did  not  mifinform 
me,  I took  a good  feal’d  weather-glafs,  about  ten  or  twelve  inches 
long,  and  immerfing  it  into  the  cold  mixture  of  nitre  and  water,  I 
obferv’d  the  tinged  fpirit  of  wine,  in  the  item,  to  defcend  confiderably  ; 
and  when  the  cold  had  wrought  its  effect,  I remov'd  the  thetmofcope 
into  a vial  fill’d  with  common  water,  about  which  was  plac’d  a mix<- 
ture  of  beaten  ice  and  fait  •,  wherein  the  ball  of  the  inftrument  being 
fet,  the  fpirit  of  wine  haftily  defcended,  two  or  three  inches  below 
where  it  flood  when  remov’d  out  of  the  nitrous  folution.  And  for 
farther  fatisfadlion,  removing  the  thermofcope  once  again  into  that  fo- 
lution, the  fpirit  of  wine  in  the  item  was  haftily  impell’d  up,  as  if 
the  bubble  had  been  put  into  warm  water.  And  once  more,  the  glafs 
being  remov’d  into  the  refrigerated  water,  the  tinged  liquor  began  to 
fall  down  haftily  again,  and  foon  funk  almoft  into  the  bubble  •,  fothat> 
to  avoid  injuring  the  inftrument,  we  took  it  out. 

2.  We  found  falt-petre  wou’d  readily  dififolve  ice,  and,  mixed  there- 
with, freeze  the  vapours  of  the  air  to  the  outfide  of  the  fingle  vial, 
wherein  we  made  the  experiment  •,  which  ice  alone  would  not  have 
done  : and  having  plac’d  fome  of  the  fame  nitre,  grofsly  beaten  in  lit- 
tle heaps  upon  plates  of  ice,  we  manifeftly  found  them  to  fink  therein  ; 
which  ftiews  they  diflblv’d  it : and  laying  fome  upon  a thick  fmooth  piece 
of  ice,  we  found  it  penetrate  quite  thro’,  whilft  the  furrounding  part 
of  the  ice  remain’d  of  a confiderable  thicknefs. 

3.  We  put  into  a large  fingle  vial,  almoft  full  of  water,  as  much 
rock-nitre,  as,  by  the  fire’s  fide,  wou’d  dififolve  therein,  then  ex- 
pos’d them  to  the  air  of  an  extreamly  fharp  night,  and  part  of  the 
following  day  •,  whereby  the  folution  was  frozen  fo  hard,  that  having 
broken  the  glafs,  we  could  hardly  break  the  included  mafs.  But  at 
the  bottom,  there  appear’d  fome  liquor,  with  cryftals  of  nitre  well 
figured,  that  feem’d  to  have  fhot  in  it  \ which  fhew’d  the  water  to 
have  been  fufficiently  impregnated  with  the  fait. 

4.  As  to  the  fpirituous  parts  of  nitre,  fo  far  as  we  can  judge  of 
their  temper  by  diftillation,  and  by  thermometers,  they  are  not  aclu- 

• ally  more  cold  than  fome  other  liquors,  and  appear  rather  potentially 
hot  than  cold  *,  at  leaft,  they  feem  indifpos’d  to  turn  water  into  ice : 
for  the  fpirit  of  nitre  will  readily,  as  we  faid  before,  convert  ice  into 
water. 

From  hence  we  may  conclude,  that  there  are  bodies  colder  than 
falt-petre,  as  being  able  to  freeze  water,  which  that  cannot  congeal  ; 
and  that  nitre,  which  is  faid  to  be  the  efficient  of  ice,  thaws  and 
dififolves  it ; and  confequently,  in  regard  thereto,  is  rather  hot  than 
cold. 

5.  But  to  fhew,  that  nitre  does  not  always,  render  water  fo  cold  as 
the  common  air,  we  fufpended  a fealed  thermometer,  for  a confider- 
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Physics,  able  time,  in  a very  flrong  folution  thereof;  when  coming  afterwards 
v~- — to  raife  it,  by  the  firing  whereto  it  hung,  to  avoid  touching  it  with 
my  hand,  we  found,  tho’  the  day  proved  windy,  the  tinged  liquor 
gradually  delcended  i inch  ; then  placing  it  again  in  the  fame  folu- 
tion, the  liquor  again  mounted  to  the  fame,  or  fometimes  a greater 
height ; for  the  experiment  was  often  repeated. 

6.  If  my  opinion  be  then  demanded,  as  to  the  refrigerating  power  of 
nitre  ; I anfwer,  that  I have  not  yet  fatisfied  myfelf  concerning  it.  I 
acknowledge,  however,  that  among  many  other  bodies  which  exhale 
from  the  terreflrial  globe,  nitrous  corpufcles  may  be,  generally,  well  qua- 
lified to  cool  the  air  ; and,  perhaps,  there  may  be  little  faline  bodies  of 
kin  to  nitre,  that,  at  certain  times,  plentifully  float  about  in  fome  parts 
of  the  atmofphere;  but  that  this  aerial  fait,  by  fome  call’d  volatile 
nitre,  is  true  and  perfeCl  falt-petre,  I cannot  fay  : and  that  this  fait 
alone  fhou’d  be  the  fummum frigidum,  is  more  than  I am  convinc’d  of; 
ftnce  there  may  be  in  the  bowels  of  the  earth  many  other  bodies, 
whofe  effluvia  have  a power  to  refrigerate  the  air,  equal  to  that  of 
falt-petre.  And  as  common  fait,  in  artificial  glaciations,  is  found  to 
co-operate,  as  powerfully  as  falt-petre  itfelf ; and  fince  it  is  undeniably 
diffus’d  in  vafl  quantities  thro’  the  terreflrial  globe  ; I fee  no  reafon 
why  that  kind  of  fait  may  not  be  rank’d  among  the  univerfal  effici- 
ents of  cold.  And  hence,  too,  it  feems  probable,  that  it  may  often 
not  be  the  emanations  of  one  particular  body,  but  a peculiar  con- 
junction of  two  or  more  forts,  that  produces  an  intenfe  degree  of 
cold.  Thus  we  fee  that  ice  and  fnow  have  their  coldnefs  advanc’d, 
by  the  mixture  of  fea-falt,  nitre,  (Sc.  Nay,  I venture  to  aflert,  that 
aCtual  cold  may  be  manifeflly  promoted,  and  perhaps  generated,  by 
the  addition  of  a body  not  actually  cold.  And  I doubt,  whether  any 
{aline  or  terreflrial  exhalations,  either  Angle,  or  conjoin’d,  be  the  ade- 
quate caufe  of  cold:  becaufe  there  may  be  other  ways  of  producing 
it,  befides  by  the  introduction  of  frigid  corpufcles. 

XXL 

• 

Experiments  We  have  *'een  that  ^ a*r  1S  not  the  primum  frigidum , yet,  I can- 
<*nd obfervati-  not  allow  it  to  be  neither  cold  nor  hot,  only  as  it  is  aCted  upon  by 
upon  'the  cold-  external  agents;  for  if  we  take  cold,  in  the  obvious  acceptation  of  the 
'ura  a7Ul  fT  word>  f°r  a quality  relative  to  the  fenfes  of  a man,  whofe  organs  are 
pcrature  Oj  the ^ moc[erate  temper  as  to  cold,  and  heat ; I am  inclinable  to  think, 

that  coldnefs  may  be  attributed  to  the  air,  rather  than  heat,  or  a 
perfect  neutrality  both  as  to  that  and  cold.  To  make  a body  cold,  as 
to  fenfe,  it  feems  fufflcient,  that  its  minute  particles  fhou’d  lefs  agi- 
tate the  fmall  parts  of  our  organs  of  feeling,  than  they  are  ufually.  agi- 
tated’ by  the  fluids  of  the  body ; and  confequently,  fuppofing  the  air 
deflitute  of  calorific  and  frigorific  atoms,  it  wou’d  conflitute  a fluid, 

which. 
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which,  either  by  the  minutenefs  of  its  parts,  or  their  want  of  vehe-  Ph  ysi  cs. 
ment  motion,  may  lefs  affedt  the  fenfe  of  feeling,  than  thole  fluids,  v — 
and  therefore  appear  actually  cold.  It  is,  by  no  means,  necefiary,  that 
all  fluids  fhou’d  be  as  much  agitated,  as  the  vital  humours  of  a hu- 
man body  * for  in  fifli,  and  other  animals,  the  blood  and  juices 

are  always  actually  cold  to  our  touch.  And  what  reafon  is  there, 

why  the  air  fhou’d  not,  in  its  natural  Hate,  be  a cold  fluid  ? For  as 
to  the  grand  argument,  that  air  is  eafily  heated  by  the  adtion  of  the 
fun,  or  the  fire,  and  as  eafily  refrigerated  by  ice,  fnow,  &c.  and  that 
heat  and  cold  reign  in  it  alternately  every  fummer  and  winter ; this 
only  proves,  that  the  air  is  fulceptible  of  both  thefe  qualities  *,  but 
does  not  fhew,  that  one  is  more  natural  to  it,  than  the  other.  Thus 

water  may  be  eafily  depriv’d  of  its  fluidity,  by  the  application  of 

fnow  and  fait,  and  reduced  to  a fluid  again  by  the  fun  or  fire  ; and 
yet  fluidity,  not  firmnefs,  is  allow’d  to  be  the  natural  ftate  of  water. 

But,  farther,  it  is  manifefl:,  that  the  heat  of  the  air  is  adventitious, 
and  communicated  by  the  rays  of  the  fun,  or  fome  other  agent,  natu- 
rally productive  of  heat  in  other  bodies,  as  well  as  in  that.  ’Tis  al- 
fo  evident,  that  upon  the  bare  abfence  of  the  fun,  or  removal  of 
other  caufes  of  heat,  the  air  will,  as  it  were  of  its  own  accord,  be- 
come cold  *,  whilft  ’tis  but  an  hypothefis,  that  fwarms  of  frigorific 
atoms,  diffus’d  thro’  the  air,  produce  coldnefs  therein,  and  not  coun- 
tenanc’d either  by  reafon  or  experience.  In  fome  cafes  frigorific  cor- 
pufcles  may  be  allow’d  of,  yet,  I fee  not  why  we  fhou’d  have  re- 
courfe  to  them,  when  a bare  ceflation  of  former  motion,  proceeding 
from  manifefl:  caufes,  may  ferve  the  turn  ; as  it  will  for  a fenfible 
coldnefs  in  the  air.  And,  upon  this  fuppofltion,  the  air  feems  as  juftly  to 
be  term’d  cold,  as  iron,  marble,  mercury,  cryftal,  falt-petre,  &V.  which 
men  unanimoufly  agree  to  call  fo  *,  to  all  which,  the  argument  produc’d 
againfl:  the  coldnefs  of  the  air  is  applicable,  except  that  the  air, 
being  a fluid,  fooner  receives  and  lofes  the  impreflions  of  heat  and 
cold  than  they. 

i.  We  fill’d  a thermometer,  to  a convenient  height,  with  well  redli- 
fied  fpirit  of  wine,  feal’d  it  hermetically,  and  incios’d  it  in  a glafs  re- 
ceiver of  a cylindrical  form,  about  two  inches  in  diameter,  and  a foot 
and  a half  high  •,  and  having  cemented  on  the  receiver,  we  left  it  for 
fome  hours  that  it  might  perfectly  cool.  Then,  drawing  out  the  air 
and  watching  it  narrowly,  we  obferv’d,  that  the  liquor  in  the  ther- 
mometer defcended  a very  little  upon  the  firfl:  extradfion  of  any  air, 
and  fome  what  lefs  upon  the  fecond  $ but  afterwards  it  did  not  fenfi- 
bly  fink : this  fubffdence  of  the  liquor  amounted,  in  the  whole,  to 
about  the  length  of  a barley  corn  ♦,  which  we  attributed  to  ftretch- 
ing  of  the  glafs,  by  the  fpring  of  the  included  air,  when  the  exter- 
nal was  withdrawn  ; and  accordingly,  upon  re-admitting  the  excluded 
air,  the  fpirit  in  the  thermometer  re-afcended  : and  we  afterwards  drew 
out  and  let  in  the  air,  as  before,  with  the  like  fuccefs. 
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Physics.  2.  We  applied  a very  FTot  handkerchief  to  the  outfide  of  the  re- 
ceiver,  to  try  whether  the  included  thermometer  wou’d  receive  any 
imprefiion  from  it,  when  the  air  that  had  interpos’d  was  remov’d  ; 
but  the  liquor  did  not  fenfibly  fwell,  either  by  this  means,  or  by 
throwing  thereon  the  concentrated  rays  of  a candle,  thro  ’ a double 
convex  glafs.  But  the  air  being  re-admitted  into  the  receiver,  the  fame 
handkerchief,  heated  afrelb,  and  applied,  made  the  fpirit  of  wine  fenfi- 
bly afcend.  Bnt  till  the  experiment  be  repeated  in  air  of  differing  tem- 
pers, no  conclufion  can  hence  be  drawn  as  to  its  temperature, 

3.  Placing  a fmall  feal’d  thermometer  in  a glafs,  broader  at  the  top 
than  the  bottom,  that  was  befmear’d  on  the  infide  with  tallow,  and 
furnifh’d  with  water  fufficiejnf  to  cover  the  ball  of  the  thermometer, 
we  froze  that  water,  and  took  notice  where  the  tinged  fpirit  of  wine 
refled  in  the  flem  ; after  which,  the  ice  being  taken  off  from  the 
ball  in  the  open  air  of  an  exceeding  frofly  morning,  the  liquor  im- 
mediately rofe  in  the  fhank  a little ; as  it  happens,  when  a glafs  bub- 
ble, fill’d  with  warm  water,  is  fuddenly  remov’d  into  cold ; but  pre- 
fently  after,  the  tinged  liquor  fubfided  a pretty  way  below  its  former 
mark : which  fhews,  that  the  free  air  may  communicate  a more  intenfe 
degree  of  cold,  than  ice  itfelf. 

4.  The  weather  having  continued  very  cold  for  fome  time,  we  plac’d 
an  exadt  feal’d  thermometer,  that  was  made  by  the  ftandard  weather- 
glafs  at  Grejham  College , in  a cellar,  where  we  had  obferved  beer  not  to 
f reeze  during  a very  fharp  winter  *,  and  having  looked  upon  it  after  two 
very  frofly  nights,  the  wind  being  at  eafl,  we  found  the  tinged  fpirit 
of  wine  flood  at  two  divifions,  and  about  \ above  the  freezing  mark  ; 
and  on  the  following  morning,  which  was  very  frofly,  at  the  fame 
height.  Wherefore,  having  remov’d  it  into  the  free  air,  in  the  gar- 
den, it  fell  to  the  freezing  mark  *,  and  confequently,  fubfided  above 
two  inches  beneath  its  flation  in  the  cellar.  I hence  obferve,  that 
the  air  in  the  cellar,  notwithstanding  the  cold  weather,  was  but  very 
little  warmer  than  that  of  my  bed-chamber,  in  frofly  weather  ; for  the 
fame  thermometer  being  ufually  kept  there,  the  fpirit  commonly  (lands 
at  that  time,  about  two  inches  above  the  freezing  mark,  in  the  monir 
ing  before  my  fire  is  made  * and  in  the  fummer-time,  when  the  wea- 
ther is  very  hot,  it  afcends  to  the  eighth,  ninth,  and  fometimes  al- 
mofl  to  the  tenth  mark. 

5.  On  a night,  that  prov’d  extraordinary  cold,  with  froft,  frtow, 
and  wind,  the  ftandard  weather-glafs  was  remov’d  into  the  garden, 
and  left  there  till  morning,  where  the  fpirit  appear’d  to  be  fubfided 
above  two  divifions  below  the  freezing  mark  : fo  much  greater  was 
the  cold  of  the  air,  than  is  abfolutely  neceffary  to  congeal  water  ; 
and  yet  the  coldnefs  of  this  very  night,  did  not,  by  antiperiflafis,  fo 
increafe  the  heat  of  the  cellar ; but  that  a vial,  containing  about  two 
or  4hree  ounces  of  chymical  oil  of  anifeeds,  which  was  left  there  till 

nine 
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nine  of  the  clock  in  the  morning,  remain’d  unthaw’d : which  argues,  Ph 
that  the  heat  of  the  cellar  was  inferior  to  that  of  the  external  air  in  ^ 
moderate  feafons  *,  fince  that  oil  is  by  the  warmth  of  the  air,  both  in 
the  fpring  and  autumn,  preferv’d  liquid  ; as  this  particular  parcel  of 
oil,  in  the  fame  vial,  was  kept,  by  the  moderate  warmth  of  my  cham- 
ber, feveral  times  this  winter. 

6.  December  29.  1665.  A little  before  ten  of  the  clock  in  the  morn- 
ing, the  weather  having  been  frofty  for  near  a fortnight,  I took  a 
feal’d  thermometer  out  of  my  chamber-window,  and  having  held  it 
a while  in  the  open  air,  in  the  court,  and  alfo  wetted  it  with  water, 
to  reduce  it  the  fooner  to  the  coldnefs  of  the  external  air,  I caus’d 
the  ball  of  it  to  be  held  a pretty  while  in  the  reeking  ftream  that 
came  from  the  pump,  and  obferv’d,  that  it  made  the  tinged  liquor 
confiderably  rife  ♦,  the  more  fo,  the  longer  it  was  kept  there,  till 
it  afcended  to  a great  height ; then  carrying  it  up  to  my  chamber, 
where  there  was  a good  fire,  the  fpirit  of  wine  began  to  fubfide  again  ; 
thereby,  fhewing,  that  the  air  of  my  chamber  was  colder  than  the 
reeking  water  of  the  pump. 

7.  On  February  17.  Alter  it  had  continued  frofty  for  three  or  four 
days,  about  nine  or  ten  of  the  clock  in  the  morning,  I caus’d  the 
water  of  a confiderably  deep  well  to  be  pump’d,  for  a good  while, 
upon  the  thermometer,  after  it  had  been  kept  for  fome  time  in  the 
air ; which  water  raifed  it,  by  degrees,  about  four  or  five  eighths  of 
an  inch  higher  than  the  former.  Then  I carried  the  glafs  to  a fpring 
that  ufed  to  fmoak  in  frofty  weather,  and  having  laid  down  the  glafs  fa 
as  the  ball  might  be  cover’d  with  the  water,  juft  at  the  fpring  head,  and 
let  it  reft  there  a good  while,  I found  the  fpirit  but  very  little  rais’d  ; 
fo  that  in  all,  it  fcarce  mounted  five  eighths  above  the  height  it 
had  been  brought  to  in  the  preceding  trial.  Afterwards,  in  the  lame 
place,  I brought  the  thermometer  about  noon  to  the  northfide  of  the 
houfe,  where  the  pump  flood,  and  letting  it  reft  againft  the  wall 
in  the  open  air  for  half  an  hour  or  more  •,  I found,  that  tho’  it  had  been 
that  morning  a finall  froft  ; and  tho’  the  fun  did  not  fhine  out,  yet  the 
air  was  about  the  fame  degree  of  warmth,  the  water  feem’d  to  have  at 
the  fpring-head  in  frofty  weather,  when  there  was  fnow  upon  the  ground ; 
and  confequently  the  air  was  then  much  hotter  than  the  water  had  been 
in  the  pump,  where  yet,  in  very  cold  weather,  it  ufually  fmoaks, 

8.  February  19.  Being  the  third  day  of  the  continuance  of  a moderate 
froft,  I held  the  feal’d  thermometer  under  the  pump,  and  having  caus’d 
the  water  to  run  for  a good  while  upon  the  bail  of  it,  I found  the 
tinged  fpirit  rife  as  high  as  it  had  done  many  weeks  before  in  the 
depth  of  winter,  by  the  warmth  of  the  water  of  the  fame  pump. 

9.  On  the  next  day,  being  the  fourth  day  of  the  froft,  the  neigh- 
bouring fpring,  which  had  not  fmoak’d  during  the  precedent  days, 

reek’d 
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Physics,  reek’d  this  morning:  and  about  noon,  the  weather  being  fair,  and  fun 
finning,  the  ball  of  the  weather-glafs  was  kept,  for  a competent  time,  co- 
ver’d with  water,  juft  at  the  head  of  the  fpring  ; when  it  appear’d  to 
have  rifen  higher  now,  by  a quarter  of  an  inch,  than  I cou’d  make  it  do 
at  the  fame  fpring-head  feveral  weeks  before  : but  on  this  day,  the  wa- 
ter was  a pretty  deal  warmer  than  the  air  ; as  appear’d  by  the  fu  fi- 
nding of  the  fpirit,  when  brought  from  the  fpring  to  my  chamber  ; 
the  ground  being  then  cover’d  with  fnow. 

10.  An  ingenious  man  told  me,  he  had  often  obferv’d,  in  an  exadtly 
feal’d  weather-glafs,  that  the  tinged  fpirit  was  higher  at  fometimes, 
when  the  weather  prov’d  frofty,  than  at  others,  when  it  did  not ; and 
that  having  kept  his  glafs  with  the  ball  in  water,  which  was  after- 
wards frozen,  and  remain’d  in  the  form  of  ice  for  feveral  days,  he 
warily  broke  the  ice  from  about  the  ball,  and  removing  it  thence  in- 
to the  free  air  of  the  fame  room,  he  found  theQ  liquor  to  defeend  for 
above  three  inches.  The  ball  of  this  glafs  I found  to  be  of  the  mag- 
nitude of  a middle  fized  crab,  and  the  ftem  about  two  feet  and  a 
half  long. 

11.  I formerly  obferv’d,  that  air  included  in  tight  ftrong  vefifels,  is 
not  fenfibly^  condenfed  by  cold;  but  that. when  the  air  is,  in  fome  part 
or  other,  expos’d  to  the  preffure  of  the  atmofphere,  it  wou’d,  by  a de- 
gree of  cold,  able  to  freeze  water,  be  manifeftly  contracted  ; tho*  howT 
great  this  contraction  may  be,  has  not  been  hitherto  determined  : we 
have,  indeed,  attempted  to  do  it  in  the  following  manner  ; from  whence 
it  will  appear,  that  in  our  climate,  the  cold  does  not  condenfe  the  air 
fo  much  as  is  ufually  imagined. 

And  firft,  it  may  be  proper  to  intimate,  that  among  other  ways  we 
tried  to  meafure  the  fhrinking  of  the  air,  by  fealing  it  up  in  glades, 
furnifh’d  with  long  and  very  (lender  ftems,  that  by  breaking  off  the 
tips  of  them  under  water,  after  the  included  air  was  highly  refrige- 
rated, the  water,  by  the  preifure  of  the  atmofphere  upon  it,  might 
be  imped’d  into  the  cavity  of  the  glafs,  and  by  its  afeent  therein, 
fhew  how  much  the  internal  air  had  been  contracted  by  tho  cold  ; 
but  this  way  we  found  too  troublefome  and  difficult  to  pradtife  with 
any  thing  of  certainty  ; and  never  by  this  means,  brought  the  air  to 
lofe  above  a 30th  part  of  its  natural  dimenfions. 

12.  Finding  alfo  fome  inconveniencies  in  ufing  a bolt-head  for  this 
purpofe,  and  any  liquors  capable  of  congelation,  we  at  length  employ’d 
a ftrong  brine  made  with  common  fait,  and  once  obferv’d  that  the 
cold  of  a frofty  night,  made  the  air  fhrink  in  the  pipe  of  a glafs-egg 
near  five  inches  *,  and  again  we  found  that  the  air  pofteffing  2057  di- 
vifions,  contracted  by  the  cold  of  a fharp  and  frofty  night,  to  1965 
of  the  fame  : which  with  the  utmoft  care,  was  the  moft  we  cou’d  ever 
make  the  air  lofe  of  its  natural  dimenfions,  by  any  additional  cold  of 
the  atmofphere  ; that  is,  a twenty-fecond  part,  and  a little  more  than 
a third. 
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13.  We  made  the  experiment,  alfo,  by  the  application  of  ice  andPH 
fait,  to  the  oval  part  of  the  veffel : which  rais’d  the  liquor  higher  v— - 
than  in  the  former  method,  near  four  inches.  And  to  determine  the 
point  more  accurately,  we  found  the  air  contracted  by  this  means,  from 
1965,  to  which  the  cold  of  the  external  air  had  reduced  it,  into  i860 
divisions  ; fo  that  the  effect  of  the  ice  and  fait,  added  to  that  of  the 
cold  external  air,  did  not  contrad*  the  included  air  a tenth  of 

its  former  fpace.  And  here  ’tis  remarkable,  that  there  was  no  great 
difference  betwixt  the  proportion,  in  which  the  cold  condens’d  air, 
and  expanded  water. 

14.  To  proceed;  cold  may  prodigioufly  hinder  the  warm  effed  of 
the  fun  upon  the  air,  not  only  in  the  hotted:  part,  but  at  feveral 
times  of  the  day,  even  in  the  heat  of  fummer. 

An  intelligent  gentlemen,  who  had  feveral  times  fail’d  in  the  frigid 
zone,  affur’d  me,  that  on  the  coafl  of  Greenland , he  had  obferv’d  it 
to  fnow  all  midfummer  night.  An  old  fea-captain  told  me,  that 
they  are  on  the  feas  frequently  pefler’d  with  thick  fogs  extremely 
cold,  which  laft,  fome  of  them,  for  ten  or  twelve  hours,  fome  for  a 
whole  day,  and  others  two  or  three  days  together.  He  faid  farther, 
that  lying  at  anchor  in  Bell-found , on  the  coafl  of  Greenland , near  a 
mountainous  rock,  he  with  fome  others  afcended  to  the  top  of  it, 
which  he  judg’d  half  a mile  perpendicular  from  the  plain  : here  they 
found  the  weather  clear,  and  the  fky  very  ferene  ; and  it  being  then 
June , the  fun  flione  vehemently  hot  upon  them,  whilfl  they  faw  a thick 
fog,  like  clouds,  at  the  bottom  of  the  hill  ; but  when  they  came  down, 
rhey  found  the  fog  as  they  left  it,  very  dark  and  exceeding  cold. 
And  Mr.  Logan , an  Englijh  merchant,  who  winter’d  at  Pecora , a nor-  ' 
them  town  of  Mufcovy , relates,  that  about  the  clofe  of  Auguft , they 
had  a ftrong  frofl,  which  lafled  for  four  days.  Capt.  Weymouth  fays, 

that  in  July,  tho’  he  was  then  far  from  the  latitude  of  Nova  Zernbla , 

yet  failing  in  a thick  fog,  “they  found  their  tackling  fo  hard  frozen, 

“ that  it  furpriz’d  them  ; for  it  was  then  the  middle  of  their  fum  - 
“ mer.”  In  the  fifth  voyage  the  Englijh  made  to  Cherry  illand,  which 
lies  betwixt  feventy-four  and  feventy-five  degrees  of  latitude,  they 
obferv’d,  that  the  wind  being  at  north-eaft,  upon  the  twenty-fourth 
of  July,  “ it  froze  fo  hard,  that  the  ice  hung  on  their  clothes  and 

in  their  feventh  voyage  to  the  fame  ifland,  they  fay,  that  “ on  the  four- 

“ teenth  of  July y the  wiqd  being  northerly,  they  had  both  fnow 
“ and  frofl.” 

15.  To  give  two  or  three  inflances  of  the  fudden  operations  of  the 
cold  harboured  in  the  air. 

Dr.  Fletcher , who  went  ambaffador  to  Rujfia,  tells  us,  that  “ when  he 
“ there  came  out  of  a warm  room  into  a cold,  he  fenfibly  drew  his 
“ breath  ft  iff,  and  even  {lifting  with  the  cold  : fo  powerfully  and  fud- 
“ denly  does  the  intenfely  refrigerated  air  work  upon  the  organs  of 

“ refpiration. 
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<<  refpiration.”  The  chief  phyfician  of  the  Ruffian  Emperor  affured  me, 
he  has  feen  water,  thrown  up  into  the  air,  immediately  fall  down  adtually 
congealed  into  ice : and  this  relation  Dr.  Fletcher  confirms,  by  declaring 
himfelf  an  eye- witnefs  of  the  fame  thing.  The  fame  perfon  farther  de- 
clared, that  being  at  the  fiege  of  Smolensko  in  Ruffiia , he  obferved  it  to  be 
fo  extremely  cold  in  the  fields,  that  his  fpittle  would  freeze  in  filling  from 
his  mouth  to  the  ground  j fo  that  if  he  fpit  againft  a tree,  for  example, 
it  would  not  ftick  there,  but  immediately  fall  to  the  foot  of  it. 

16.  Among  the  phenomena  of  cold  relating  to  the  air,  I endeavoured 
to  obferve  whether,  upon  the  change  of  the  weather,  from  warm  or  mild, 
to  cold  and  frofty,  there  would  appear  any  difference  of  the  weight  of  the 
atmofphere,  from  its  being  plentifully  furnifhed  vith  a new  ftock  of  fri- 
gorific  corpufcles,  whereto  feveral  of  the  modern  philofophers  afcribe  its 
coldnefs.  But  tho’  I,  feveral  times,  compared  an  exadt  barometer,  with 
a good  fealed  thermometer,  furnilhed  with  pure  fpirit  of  wine,  I could 
not  find,  that  upon  the  coming  on  of  clear  and  frofty  weather,  the  atmo- 
fphere would  very  foon  appear  fenfibly  heavier  than  before : but  I refer 
the  matter  to  more  frequent  and  continued  obfervations  than  I yet  have 
been  able  to  make. 

17.  Another  effedt  that  the  cold  frequently  has,  efpecially  in  the  nor- 
thern countries,  upon  the  atmofphere,  is  to  render  it  more  or  lefs  clear 
than  ufual  •,  for  in  northern  voyages  the  feamen  frequently  complain  of 
thick  and  lading  fogs : on  the  contrary,  it  very  often  happens,  that  when 
the  cold  is  very  intenfe,  the  air  grows  much  clearer  than  at  other  times ; 
probably,  becaufe  the  cold,  by  condenfing,  precipitates  the  vapour  that 
thickens  the  air  •,  and  by  freezing  the  furface  of  the  earth,  keeps  in  the 
effluvia  that  would  otherwife  arife  therein : it  may  alfo  fomewhat  reprefs 
the  vapours  that  would  be  afforded  by  the  water  it  felf  j fince  fome  of 
our  navigators  obferve,  that  when  it  is  not  cold  enough  to  freeze  the 
furface  of  the  fea,  it  infrigidates  it  fo,  that  the  fnow  will  be  undiffolv’d 
thereon. 

18.  A Swedijh  ambaffador,  with  whom  I had  the  honour  to  be  parti- 
cularly acquainted,  ufed  to  fay,  when  he  faw  a clear  frofty  day  •,  that  it 
then  look’d  like  a Swedijh  winter,  where,  when  once  the  frofty  weather 
is  fettled,  the  fky  is  ufually,  for  a long  time,  very  ferene  and  pleafant : 
and  here  in  England , we  commonly  obferve,  the  fharpeft  frofty  nights  to 
be  the  cleareft.  And  Capt.  James  tells  us,  in  his  journal,  that  in  Charl- 
ton iftand,  on  the  30/^  and  3 ijl  of  January^  there  appeared,  in  the  begin- 
ning of  the  night,  more  ftars  in  the  firmament,  by  two  thirds,  than  ever 
he  had  feen  before.  I could  fee,  fays  he,  the  cloud  in  cancer  full  of 
fmall  ftars. 

19.  An  ingenious  gentleman,  lately  return’d  out  of  Poland , inform’d 
me,  that  about  the  twenty-firft,twenty-fecond  and  twenty-third  of  December 
1669 , Old  Stile , lying  within  three  Polijh  miles  of  RXarfaw^  he  every 
day  beheld  the  fun  accompanied  with  two  parhelions,  the  one  eaftward, 
the  other  weftward,  almoft  in  a diredt  line,  an4  diftant  from  it  about 

eight 
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eight  or  ten  diameters  of  the  fun  •,  and  that  they  continued  vifible  fromPn 
near  ten  to  twelve  a clock  : the  weather  being  extream  cold,  the  air  was  v— * 
as  clear  as  could  poffibly  be  imagined,  both  night  and  day,  and  when  the 
fun-fhone,  appeared  full  of  glittering  fpangles  or  particles  of  ice. 

20.  To  determine  what  effedt  the  coldnefs  of  the  air  may  have  upon 
the  refractions  of  the  celeftial  bodies,  feems  a work  of  no  fmall  diffi- 
culty. 

What  I have  here  to  lay  of  it,  is  taken  from  the  accounts  of  travel- 
lers. The  Dutch , in  Nova  Zembla , who  take  great  pains  to  fhew,  by 
feveral  circumftances,  that  they  were  not  miftaken  in  their  account  of 
time,  declare,  they  faw  the  fun,  after  having  loft  fight  of  it  for  eleven 
weeks,  fourteen  days  fooner  than  it  ought  to  have  appeared  to  them  ; 
which  difference  is  ufually  afcribed  to  the  great  refraction  of  the  gelid 
northern  air.  And  as  for  that  extremely  cold  country,  where  Captain 
James  wintered,  it  appears,  by  his  journal,  that  he  there  made  feveral 
celeftial  and  other  obfervations,  to  give  him  fome  notice  of  this  re- 
fradtion,  which  he  found  very  confide  able,  tho*  nothing  near  fo  great  as 
that  which  the  Dutch  obferved  in  Nova  Zembla.  44  On  the  twenty -firff 
44  of  J anuary”  lays  he,  44  I obferved  the  latitude  with  great  exadtnefs, 

44  and  found  it  52  ° 52';  which  difference  proceeds  from  the  great  re - 
44  fradtion  for  at  his  firft  arrival  at  Charltcn  ifland,  he  took  the  lati- 
tude with  two  quadrants,  and  found  it  exadtly  52 °.  And  elfewhere  he 
fays,  44  by  comparing  my  obfervations  of  the  time  of  the  ftars  coming  to 
44  the  meridian,  we  found  the  fun  to  rife  twenty  minutes -too  loon,  and 

44  in  the  evening,  to  remain  above  the  horizon  twenty  minutes  too 

44  long;  and  all  this  by  reafon  of  the  refradtion,”  In  another  place 
he  fays,  that 44  on  March  15,  the  moon  rofe  in  a very  long  oval  along  the 
44  horizon.”  And  to  cite  only  one  palfage  more  concerning  refradtions ; 

44  I often,”  fays  he,  44  obferved  the  difference  betwixt  clear  weather, 

44  and  mifty,  refractious  weather,  in  this  manner.  From  a little  hill 

44  near  adjoining  to  our  houfe,  in  the  cleared  weather,  when  the 

44  fun  fhone  with  all  imaginable  purity  of  air,  we  could  not  fee 
44  a little  ifland  which  bears  from  us  South  South-Eaft , about  four 
44  leagues ; but  if  the  weather  were  mifty,  we  could  fee  it  from  the 
44  loweft  place.” 

21.  To  proceed  ; I obferve,  that  the  degrees  of  coldnefs,  in  the  air  of 
different  climates,  are  nothing  near  fo  regularly  proportionable  to  their 
refpedtive  diftances  from  the  pole,  as  is  ufually  imagined. 

In  places  equally  diftant,  thefe  from  the  north  and  thofe  from  the 
Ibuth  pole,  the  latter  are  generally  much  colder  than  the  former.  What 
exceffive  cold  reigns  at  Mofcow , and  the  parts  adjacent,  during  the  winter, 
whereby  many  perfons  lofe  their  nofes,  their  toes,  and  fome  their 
lives,  we  have  already  obferved ; yet  at  Edingburgh , which  is  placed 
more  northerly,  by  above  a degree,  and  in  the  neighbouring  places,  the 
air  is  temperate,  and  the  cold  tolerable,  the  fnow,  it  feems,  fel- 
dom  lies  long  on  the  ground  after  it  is  fallen.  In  an  account  of  a 
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Physics,  voyage  made  for  northern  difcoveries,  by  Mr.  Pool,  in  the  year  1610,  I 
find  this  paffage,  44  I was  certified  that  all  the  ponds  and  lakes  were  un- 
44  frozen,  tho’  frefh  water  ; which  makes  me  hope  for  a mild  fummer 
44  here,  after  fo  fharp  a beginning ; and  my  opinion  is,  that  a paffage 
44  may  be  foon  obtained  this  way,  by  the  pole,  as  any  unknown  way 
44  whatever  •,  becaufe  the  fun  gives  a great  heat  in  this  climate,  and  the 
44  ice  made  here  near  the  790,  is  nothing  near  fo  huge  as  I have  feen  in 
44  730.  To  this  agrees  the  teftimony  of  the  Hollanders , in  their  firftvoy- 
44  age  to  Nova  Zembla : 44  We  have”  fay  they  44  affuredly  found  that  the 
44  only  hindrance  to  our  voyage,  was  the  ice  about  Nova  Zembla  under 
44  73,  74,  75  and  76  degrees,  and  not  fo  much  upon  the  fea  between  both 
44  the  lands-,  whence  it  appears,  that  not  the  nearnefs  of  the  north  pole, 
44  but  the  ice  that  comes  in  and  out  of  the  Tartarian  fea,  caufed  us  here 
44  to  feel  the  greateft  cold.  It  is  true,  that  in  the  country  lying  under 
44  8o°,  which  we  fuppofe  to  be  Greenland  both  leaves  and  grafs  are  to  be 
44  feen,  with  fuch  beafts  as  feed  thereon  ; tho’,  on  the  contrary,  in  Nova 
44  Zembla , there  grow  neither  leaves  nor  grafs,  nor  are  beafts  there  but 
44  fuch  as  feed  on  flefh,  yet  Nova  Zembla  lies  4,  5,  and  6°.  more  fouth- 
44  erly  than  that.” 

Jofephus  Acofta  alfo  tells  us,  that  44  in  paffing  to  the  Indies , when  he 
44  came  to  the  equinoctial,  in  the  month  of  March , he  felt  fo  great  a cold, 
44  as  obliged  him  to  go  into  the  fun-fhine  to  warm  himfelf.  There  is,  in- 
44  deed,”  fays  he  44  no  region  in  the  world  more  pleafant  and  temperate 
44  than  under  the  equinoctial,  tho*  it  be  not  in  ail  places  of  an  equal  tern- 
44  perature  ; but  the  torrid  zone,  is,  in  fome  places,  very  temperate,  as 
44  in  Quitto,  and  on  the  plains  of  Peru  ; in  others  very  cold,  as  at  Potofiy 
44  and  in  others  again  very  hot,  as  in  Ethiopia , Brajil , and  the  Moluccoes. 
44  And  again”  fays  he  44  fnow,  hail,  and  frozen  waters,  are  continually 
44  upon  the  tops  of  the  mountains;  and  the  cold  is  fo  fevere,  that -it 
44  withers  all  the  grafs,  and  both  men  and  beafts,  which  pafs  that  way* 
44  are  benummed  with  cold  : this  happens  in  the  torrid  zone,  and  moft 
44  commonly  when  the  fun  is  in  their  zenith.” 

An  old  fea  Captain,  who  has  often  failed  to  Greenland,  allured 
me,  that  he  met  with  two  mafters  of  fhips,  the  one  from  Holland , 
and  the  other  from  Embden , who  declared  they  had  failed  to  the  lati- 
tude of  89  degrees,  in  queft  of  a proper  place  for  whale-ftfhing  ; 
the  journal  of  which  voyage,  they  produced  him  ; and  the  captain 
meeting  the  fteers-man  of  one  of  the  fhips,  difeourfed  with  him,  and 
faw  his  journal  too ; which  agreed  with  what  the  others  had  declared. 
And  afterwards  one  of  the  mafters  coming  to  London , he  was  there 
met  accidentally  by  our  captain,  who  brought  him  to  fome  of  the 
northern  company,  before  whom  he  averred  the  foregoing  relation,  of 
whofe  truth  the  captain  feem’d  to  be  convinced.  All  the  particulars 
that  I could  learn  of  this  ftrange  voyage,  were,  that  tho’  they  met  with 
vaft  regions  of  ice,  towards  the  fhores,  yet  when  they  found  themfelves 
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near  the  pole,  the  ice  was  very  open  and  free ; Tq  that  if  wood,  water,  Ph 
and  other  provifions,  had  not  begun  to  fail  them,  they  might  have  made 
a paffage,  perhaps,  as  far  as  Japan  \ that  from  the  north-eaft,  there 
came  a great  rolling  fea,  which  one  of  the  mailers,  who  had  been  at 
•the  bay  of  Bifcay , compared  to  the  Spanijb  fea  •,  and  that  the  cold  there 
was  not  violent,  but  fuch  as  they  could  ealily  endure,  and  complained  no 
more  of,  than  they  did  in  Greenland ; that  failing  from  Greenland  to- 
wards the  pole,  they  found  the  compafs  to  vary  a point,  after  they  had 
advanced  fome  degrees  northward  ; then  again  the  variation  of  it  was, 
for  a great  while  inconfiderable,  and  foon  after  increafed  to  two  points, 
and  lallly,  at  89  degrees  of  latitude,  even  to  four  points  of  the  compafs 
towards  the  eall. 

Mr . Hudfon^  in  his  fecond  voyage,  tells  us,  that  44  tho’  at  710,  .they 
44  were  much  pefter’d  with  ice  about  the  end  of  June,  yet  the  weather 
44  was  calm,  clear  and  hot.”  And  Acofta  adds  to  this  the  account  juft  de- 
livered. 44  We  fee  thefe  differences  not  only  on  the  land,  but  alfo  on 
44  the  fea  •,  there  are  forne  feas  where  they  feel  great  heat,  as  is  reported 
44  of  M.azambigus  and  Ormus  in  the  eaft,  and  of  the  fea  of  Panama  in  the 
44  weft  ; there  are  other  feas  in  the  fame  degree  of  latitude  very  cold,  as 
44  that  of  Peru , where  I felt  it  dold  when  I firft  failed  it  in  March , whilft 
44  the  fun  was  diredlly  over  our  heads.” 

Martinius , in  ftis  account  of  Pekin , tells  us,  that  44  altho*  the  pole 
44  be  not  there  elevated  above  42  °.  yet  for  four  whole  months  from 
44  the  middle  of  November , all  the  rivers  are  fo  frozen  over,  that  the 
44  ice  will  fafely  bear  coaches  and  the  heavieft  burdens.  This  conge  - 
46  lation”  he  fays  44  is,  for  the  moft  part,  made  in  one  day  ; but  the 
44  thawing  of  the  ice  requires  many,  and  begins  from  the  lower  fur- 
44  face.” 

But  not  to  multiply  inftances,  we  lhall  conclude  with  obferving  that 
Charlton  ifland,  tho’  it  feems,  by  the  effecfts,  to  be  a colder  region  than 
about  Mofcow , and,  perhaps,  as  cold  as  Nova  Z'embla  it  felf  •,  yet  cap- 
tain James  affigns  its  latitude  the  fame  with  that  of  Cambridge , viz.  510. 
the  air  whereof  is  well  known  to  be  temperate  : and  ftis  remarkable,  that 
this  place  was  found  uninhabitable  by  reafon  of  the  cold ; yet,  in 
Mr.  Hudfotf s voyage,  ftis  faid,  that  44  although  they  ran  along  near 
44  the  fhore,  they  found  no  great  cold-,”  which  made  them  think  the 
place  to  be  temperate,  tho’  they  reckoned  themfelves  to  have  then 
reached  the  j8th  degree  of  latitude  : and  our  later  navigators 
inform  us,  that  feveral  parts  of  Greenland  are  well  inhabited.  An 
Engli/h  failor  alfo  affures  us,  that  the  true  height  of  Pujlozera  in  Ruffia  is 
no  lefs  than  68  degrees  and  a half,  and  yet  declares  it  to  be  a towm  of  • 
great  trade.  But  in  Hudfonh  voyage,  I find  what  is  ftill  more  ftrange, 
viz . that  in  the  eighty  firft  degree  of  latitude,  beyond  which  they 
difcovered  land  very  far  off,  44  they  found  it,  during  the  whole  day,  clear 
44  weather,  with  little  wind,  and  reafonably  warm  ; and  beyond  eighty 
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degrees,  they  not  only  found  a ftream  or  two  of  frefh  water,  but  “ per- 
“ ceived  it  hot  on  the  fhore,  and  drank  water  to  quench  their 
“ third:.” 

’Tis  alfo  remarkable,  that  in  New- England , where  the  winter  is  vaftly 
colder  than  with  us,  lies  io  or  n°  farther  from  the  pole  than  we 
do. 

22.  The  next  obfervable  I have  to  propofe  about  the  coldnefs  of 
the  air,  is,  that  the  degrees  both  of  heat  and  cold  therein,  may  be 
much  greater  in  the  fame  climate,  and  in  the  fame  place,  at  feveral 
leafons  of  the  year,  or  even  at  different  times  of  the  fame  day,  than 
is  ufually  allowed. 

For  the  proof  hereof,  we  fhall  produce  the  teftimonies  of  travel- 
lers. Dr.  Fletcher , in  his  treatife  of  Ruflia , has  this  remarkable  paf- 
fage.  “ The  country,”  fays  he,  “ differs  very  much  from  it  felf,  fiy 
46  that  ’tis  furprizing  to  fee  the  great  alteration  caufed  therein  by  the  win- 
44  ter  and  fummer.  All  Rufliay  in  the  winter,  lies  under  fnow,  which: 
46  falls  continually,  and  is  fometimes  a yard  or  two  deep ; but  more  to- 
44  wards  the  north ; the  rivers  and  other  waters  are  all  frozen  up,  to  the 

depth  of  a yard  or  more,  how  fwift  or  broad  foever  they  be  ; and  this 
“ continues  for  five  months,  or  from  about  the  firfl  of  November y towards 
44  the  end  of  Marchy  when  the  fnow  begins  to  melt  *,  and  yet,  in  the  fum- 
44  mer  feafon,  fuch  a new  face  of  the  whole  country  appears,  the  woods 
“ are  fo  frefh  and  fweet,  the  pafture  and  meadows  fo  green  and  flourifhing, 
44  there  is  fuch  a variety  of  flowers  and  melody  of  birds,  that  a man 
44  cannot  well  travel  in  a more  pleafant  country.  But  as  the  winter  ex- 
44  ceeds  in  cold,  fo  the  fummer  inclines  to  too  great  heat,  efpecially  in 
44  the  months  of  Juney  Julyy  and  Auguft  •,  which  are  much  warmer 
44  months  with  them,  than  with  us  in  England .”  The  like  particulars  have 
been  alfo  lately  affirmed  by  the  learned  Olearius And  an  acquaintance 
of  mine,  who,  after  having  liv’d  in  Italy,  pzfs’d  a fummer  in  Az^,  aflfured 
me,  that  he  fcarce  ever  eat  better  melons  than  at  Mofcow,  which  were  there, 
he  faid,  of  a flrange  bulk  ^ and  this  gives  credit  to  the  relation  of  Olearius , 
who  declares,  he  there  met  with  melons  which  weighed  forty  pound.  At 
Pekin , the  capital  city  of  Chinay  which  fcarce  exceeds  the  forty  fecond 
degree  of  latitude,  one  wou’d  expedt,  that,  as  the  fummer  is  very 
warm,  fo  the  winter  fliould  be  very  mild  •,  as  it  is  obferved  of  Spain y 
Italy , Greece , &c.  that  have  the  fame  or  a more  northern  latitude  ^ yet  the 
learned  Martiniusr  who  lived  many  years  in  China , aflures  us,  that  ufu- 
ally  for  four  months  together,  all  the  rivers  are  fo  hard  frozen,  that  not 
only  all  fhips  are  kept  immoveable  by  the  ice,  but  alfo  horfes,  and  the 
heaviefi:  carriages,  fecurely  pafs  upon  it ; and,  what  is  very  furprizing, 
he  adds,  that  it  is  ufually  made  in  one  day,  tho’  many  are  required  to 
difiolve  it.  Profper  Alpinus  tells  us,  that  at  Grand  Cairo , where  he  prac- 
tifedphyfic,  tho’ diftant  fix  degrees  from  the  tropic  of  cancer,  the  air, 
which  in  fummer  is  almoft  infupportably  hot,  is  fometimes,  in  winter, 
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very  confiderably  cold.  ’Tis  related  by  Purchas,  as  communicated  to  Physics. 
him  by  an  eye-witnefs,  that  in  Greenland , it  hath  been,  one  day,  fo  cold, 
that  they  could  fcarce  handle  the  frozen  fails  ; and  another  day  fo  hot, 
that  it  melted  the  pitch  off  the  fhips  •,  and  that  at  midnight,  tobacco  has 
been  lighted  by  the  fun’s  rays,  with  a glafs.  And  laflly,  Captain  James 
gives  us  this  account  of  the  weather  in  Charlton  ifland.  “ The  fixteenth 
“ of  June”  fays  he  “ was  wondrous  hot,  with  fome  thunder  and 
“ lightning,  fo  that  our  men  went  into  the  ponds,  on  fhore,  to  cool 
“ themfelves  ; tho’  the  water  flill  remain’d  very  cold.  There  lately 
“ appeared  feveral  forts  of  flies;  as  butter-flies,  butchers-flies,  horfe- 
46  flies,  and  fuch  an  infinite  number  of  blood-thirfly  mufkitoes,  that  we 
“ were  more  tormented  with  them,  than  ever  we  had  been  with  the 
“ cold  weather.  Thefe,  I believe,  lye  dead  in  old  rotten  wood,  dur- 
“ ing  the  winter,  and  revive  again  in  fummer : here  are,  likewife,  in- 
“ finite  numbers  of  ants  and  frogs,  in  the  ponds  upon  the  land.” 

Thus  we  fee  what  a difference  there  may  be  in  the  fame  place,  be- 
twixt the  temperature  of  the  air,  in  the  winter  and  fummer.  We 
fhall  now  add,  what  feems  more  flrange,  that  there  may  be  very  great 
variations  in  the  heat  and  coldnefs  of  the  air,  not  only  in  the  fame  place, 
but  within  the  compafs  of  the  fame  day.  Profper  Alpinus  affords  us  an 
example  hereof  in  Egypt  itfelf,  where  one  would  expedt  a much  more  u- 
niform  degree  of  heat.  “ In  the  winter,”  fays  he,  “ the  nodlurnal  air 

is  excelhve  cold,  but  prefently  grows  warmer  upon  the  rifing  of  the 
“ fun,  and  by  noon  becomes  hot  ; but  towards  night,  it  again  changes 
“ for  cold,  from  which  irregularity  proceed  many  difeafes.” 

The  learned  Qlearius , relating  his  paffage  over  a branch  of  mount  Tau- 
rus, takes  notice,  that,  after  the  middle  of  June , the  air  of  that  hot  re- 
gion of  Perjia , obliged  them  to  travel  wholly  by  night;  and  yet  the  cold 
was  then  fo  great,  that  they  were  all  benumm’d  with  it,  and  hardly  able 
to  alight  from  their  horfes  ; he  adds,  that  the  fudaen  change  from  an 
extream  cold  to  the  exceflive  heat  they  were  again  expofed  to  on  the 
following  day,  caft,  at  once,  fifteen  of  their  company  into  a violent  burn- 
ing fever. 

The  fame  curious  traveller  mentions,  that  in  another  part  of  Perfia , 
called  Faclu , notwithflanding  the  heat  of  the  region,  towards  the  end  of 
March , at  which  time  they  pafs’d  it ; they,  in  one  night,  obferved  light- 
ning  and  thunder,  wind  and  rain,  fnow  and  ice. 

And  a learned  phyfician,  lately  arrived  from  the  Indies,  afliired  me,, 
that  notwithflanding  the  violent  heat  in  the  day  time  there,  he  ufually  ob^- 
ferved  the  nights  to  befo  very  cold,  that  he  was  perfuaded  fome  pofitively 
frigorific  fleams  did  then  afeend  out  of  the  earth ; which  makes  it  expe- 
dient, fays  he,  for  the  Englijh,  who  live  in  the  warmer  parts  of  America , 
to  imitate  the  natives  in  keeping  fires  under  their  hammocs. 

The  Czar’s  phyfician  tells  me  by  letter,  “ that  the  winter  he  fpent  at 
“ Vologda,  which  lies  a few  degrees  to  the  north-eafl  from  Mofcow , proved 

“ much 
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Physics.  44  much  lefs  revere  than  ufual  *,  for,  as  it  happened,  they  hid  not  three 
J “ days  of  what  they,  there,  call  winter- weather.”  He  adds,  that  44  the 
« cold,  which  is  thought  to  be  excefftve  there,  hath  been  rare  of  late 
“ years  ; for  dome  Englifn , who  have  liv’d  upon  the  fpot  thirty  years, 
tc  declare,  that,  during  their  time,  winters  are  become  fo  mild,  that 
“ the  extreme  cold,  which  ufed  to  freeze  people  on  the  road  in  ieveral 
44  pollutes,  hath  not  been  felt  as  formerly.” 

We  will  conclude  with  a remarkable  inftance  taken  -from  the  journal 
of  the  Englijh , who  wintered  at  Charlton  ifland.  44  Thefeafon  in  this 
44  climate”  lays  Captain  James  44  is  moil  unnatural  *,  for,  in  the  day  time, 

44  it  will  be  infufferably  hot  in  the  fun,  this  being  a fandy  country  j yet, 

44  in  the  night,  it  will  freeze  again,  an  inch  thick  in  the  ponds : and 
44  all  this  towards  the  latter  end  of  June” 

23.  A third  obfervable  as  to  the  coldnefs  of  the  air,  is,  that  in  many 
places,  its  temperature  feems  not  to  depend  fo  much  upon  the  eleva- 
tion of  the  pole,  as  upon  the  nature  and  circumftances  of  the  winds  that 
reign  there. 

’Tis  a conflant  obfervation  in  thefe  parts  of  the  world,  that  northerly 
and  north-eafterly  winds,  at  all  times  of  the  year,  bring  cold  along 
with  them  ; and  commonly,  if  it  be  winter,  produce  froft.  And  here 
in  England , I have  fometimes  wondered  at  the  power  of  the  winds  to 
bring  not  only  fudden  frofts,  but  hidden  thaws  •,  when  the  froft  was 
thought  to  have  been  fettled.  For  during  one  of  the  moft  conhderable 
feafons  of  froft  and  fnow,  that  I have  taken  notice  of  in  this  country,  I 
found  the  wind,  for  many  days,  to  be  foucherly  •,  unlefs  it  may  be  faid 
that  this  foutherly  wind,  was  but  the  returning  ftream  of  the  northern, 
which  had  blown  for  many  days  before  *,  and  might,  by  fome  obftacles 
and  agents,  be  made  to  wheel  about  or  recoil,  hither,  before  it  had  loft 
its  refrigerating  corpufcles.  And  Captain  James  obferved,  that  the  wind 
blowing  foutherly  at  Charlton  ifland,  in  the  month  of  Auguft , the  wea- 
ther was  fnowy  and  foggy  •,  freezing  their  rigging,  and  making  every 
thing  fo  Hippery,  that  they  could  fcarce  ftand. 

Profper  Alpinus  attributes  ftrange  effects  to  the  northerly  wind  in 
Egypt , as  to  cooling  and  refrefhing  the  air,  in  fpight  of  the  violent  heats 
that  would,  otherwife,  be  intolerable.  And  many  in  Egypt,  he  fays, 
aferibe  to  the  etefian  winds,  that  almoft  miraculous  ceafing  of  the  plague 
at  Grand  Cairo. 

Whence  winds  fhould  have  this  power  to  change  the  conftitution  of 
the  air,  and,  particularly,  to  bring  cold  along  with  them,  is  not  eafi- 
ly  determined.  Other  qualities,  indeed,  and  even  the  heat  obfervable 
in  winds,  may,  generally,  proceed  from  thofe  of  the  places  thro’  which 
they  pafs,  as  we  have  already  obferved  : and  it  may  be  further  confirm’d 
by  what  Acofia , himfelf,  faw  in  fome  parts  of  the  Indies , viz.  46  that 
44  iron  gates  were  fo  rufted  and  confumed  by  a peculiar  wind,  that,  upon 
44  fqueezing  the  metal  between  his  fingers,  it  diffolv’d  and  crumbled 
^4  like  parched  ftraw.”  And  this  learned  traveller,  who  feems  to  have 

taken 
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taken  peculiar  notice  of  the  wind,  affords  us  feveral  examples,  to  con- Physics. 
firm  what  we  advance.  cc  At  a fmall  diftance,”  fays  he,  “ many  diver- 
“ fities  may  be  feen  in  the  fame  wind  ; for  example,  the  eaft  wind  isv 
“ commonly  very  hot  and  troublefome  in  Spain , but  in  Murria , it  is 
“ the  moil  cold  and  healthful,  becaufe  it  paffeth  along  the  orchards 
cc  and  large  champaigns  which  appear  very  freffi.  But  in  Carthagenay 
“ which  is  not  far  from  thence,  the  fame  wind  is  troublefome  and 
“ unwholefome  : and  the  fouth  wind,”  adds  he,.  “ is  commonly  rainy 
“ and  boifterous,  tho5  in  that  city  wholefome  and  pleafant.”  And  in 
his  defcription  of  Peru , he  affirms,  that  the  fouth  and  fouth- weft  winds 
are  exceeding  pleafant  in  that  country. 

But  tho’  many  other  qualities  of  winds  may  be  deduced  from  the  na- 
ture and  condition  of  the  places  along  which  they  pafs ; and  tho’  the 
heat,  alfo,  which  Profper  Alpinus  attributes  to  the  foutherly  winds  in 
Egypt , may  be,  probably,  afcribed  to  the  heated  exhalations,  and  vapours 
they  bring  from  the  fouthern  and  fcorched  regions  they  blow  over  ; yet 
whence  the  great  coldnefs  of  northern  and  eafterly  winds  ffiould  proceed* 
may  well  feem  ftrange  to  thofe  who  will  not  admit  of  corpufcles  of  cold. 

I ffiall,  therefore,  fubjoin  an  experiment  that  I made,  to  give  fome  light 
into  this  matter. 

I caufed  a pretty  large  pair  of  ordinary  bellows  to  be  long  kept 
in  the  room  where  we  defign’d  to  make  our  experiment,  to  receive  the 
temperature  of  the  air  therein  *,  then  placing,  upon  a board,  a flat-bot- 
tom’d  weather-glafs,  furniffied  with  a moveable  drop  of  pendulous  wa- 
ter, and  blowing,  at  feveral  times,  with  intermiffions,  upon  the  lower 
end  of  the  glafs,  I found,  that  tho’  the  wind  coming  againft  my  hand, 
felt  manifeftly  cold,  yet  it  did  not  cool  the  air  included  in  the  bubble, 
but  rather  a little  warm’d  it  *,  as  appear’d  by  a fmall  fenfible  afcent 
of  the  pendulous  drop,  after  the  lower  part  of  the  glafs  was  blown : up- 
on which  feem’d  to  proceed  from  fome  fmall  alteration  towards  warmth, 
that  the  air  received  by  its  ffiort  flay  in  the  bellows  ; for  if  by  clofe- 
ly  covering  the  clack,  the  air  came  into  the  bellows,  wholly  thro’  the 
nofe  thereof,  whilft  held  very  near  the  bubble  of  the  glafs,  that  ftreatn 
of  wind  coming  from  a part  of  the  window  where  the  air  was  a little 
cooler  than  that  which  was  before  blown  out  of  the  bellows,  would 
not,  as  the  other,  make  the  pendulous  drop  rife,  but  rather  the  con- 
trary. 

We  then  proceeded  to  ffiew,  by  experiment,  that  tho*  a wind  were 
only  a ftream  of  air,  yet  in  its  pafiage  it  might  acquire  a confider- 
able  coldnefs,  diftin£t  from  what  it  has  by  virtue  of  its  motion,  tho5 
upon  that  fcore,  we  fee  the  air  mov’d  by  a fan,  or  a pair  of  bellows 
may  feel  cold  to  our  touch.  Having  inverted  a ridge-tile,  and 
half  fill’d  its  cavity  with  a mixture  of  ice  and  fait,  we  plac’d  the  iron 
pipe  of  the  bellows  upon  that  mixture,  and  cover’d  it  with  more  of 
the  fame,  that  fo  the  pipe  being  fur  rounded  thereby,  the  air  con- 
tain^ 
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Physics,  tain’d  in  it  might  be  highly  refrigerated  •,  then  blowing  the  bellows 
•J  againft  my  hand,  the  blaft  felt  much  colder,  than  what  came  out  of 
the  fame  bellows  before  the  refrigerating  mixture  was  applied.  But 
for  fear  my  fenfe  of  feeling  might  deceive  me,  I caus’d  a thermo- 
meter, made  after  the  common  manner,  but  with  a more  {lender  pipe, 
to  be  fo  plac’d,  that  the  nofe  of  the  bellows  lay  level  with  the  bub- 
ble of  the  glafs  ; and  then  blowing  the  refrigerated  air  of  the  bellows 
upon  the  globular  part  of  the  thermometer,  the  water  in  the  cylin- 
drical part  and  {hank,  manifeftly  afcended,  as  is  ufual  upon  the  refri- 
geration of  the  included  air  and  as  this  afcent  of  the  liquor  con- 
tinued during  three  or  four  blafts  of  the  bellows,  fo  upon  the  ceffa- 
tion  of  the  artificial  wind,  it  again  fubfided,  by  degrees,  till  by  frefh 
blafts  it  was  again  impelled  up.  Laftly,  having  repeated  this  experiment, 
we  drew  back  the  nofe  of  the  bellows,  that  the  air  to  be  now  blown 
oitf,  might  pafs  along  the  cavity  forfaken  by  the  iron  pipe  ; when,  the 
wind  was  manifeftly  more  cold  than  before,  and  had  a greater  effieCt 
upon  the  thermometer,  againft  which  ’twas  blown.  And  to  fatisfy  my 
felf,  that  it  wras  not  the  bare  wind,  whofe  operation  upon  the  air  in- 
cluded the  ball  of  the  weather-glafs  caus’d  the  liquor  to  afcend,  I 
mark’d  the  height  it  ftood  at,  after  we  had,  for  a pretty  while,  blown 
upon  it  i and  then,  without  removing  the  bellows,  put  ice  and  fait 
about  the  iron  pipe  of  them  •,  by  which  means  the  air  afterwards 
blown  thro’  that  pipe,  was  fo  cool’d  in  its  paftage,  as  to  make  the 
fluid  very  manifeftly  afcend,  even  in  a weather-glafs,  where  auick- 
filver  was  us’d  inftead  of  water,  or  fpirit  of  wine.  And  left  the  near- 
nefs  of  the  frigorific  mixture  fhou’d  be  fufpeCted  to  have  caus’d  this 
contraction  of  the  included  air,  we  fometimes  purpofely  intermitted 
the  blafts  of  the  bellows,  without  removing  the  weather-glafs  •,  and 
tho’  notwithstanding  that  vicinity,  the  liquor  wou’d  begin  a little  to 
fubfide,  yet  whenever  the  cold  corpufcles  of  the  highly  refrigerated 
air,  were,  by  the  playing  of  the  bellows,  brought  anew,  to  touch  in 
fwarms,  the  globular  part  of  the  inftrument,  the  mercury  wou’d  ma- 
nifeftly rife.  I find,  however,  that  the  feafon  of  the  year,  and  fome 
other  circumftances,  may  confiderably  vary  the  experiment.  For  tho*  I 
have  here  faithfully  recited  the  phenomena  of  it,  yet  coming  fome  months 
after,  and  in  different  weather,  to  repeat  it,  I was  furpriz’d  at  the  fuc- 
cefs.  For,  blowing  upon  the  ball  of  the  feal’d  weather-glafs,  I found, 
that  if  1 continued  to  do  this  long  and  brifkly,  the  highly  rectified 
fpirit  of  wine  wou’d  fometimes  manifeftly  fubfide. 

However,  this  experiment  duly  profecuted,  may  poflibly  afford  ftill 
farther  light. 

But  I will  not  here  pretend  to  determine,  whether  all  cold  winds 
muff:  be  neceffarily  made  cold,  by  frigorific  corpufcles,  properly  fo  call’d  ; 
for  I have  fometimes  fufpeCted,  that  winds  may  be  cold  only  by  con- 
fifting  of,  or  driving  before  them,  thofe  higher  parts  of  the  air,  that, 
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by  reafon  of  the  languid  refledtion  of  the  fun’s  rays  in  that  upper  region.  Physics. 
are  generally  very  cold  i for  it  may  be  obferv’d,  that  rains  often  great- 
ly  and  fuddenly  refrigerate  the  lower  air,  when  no  winds  but  what  the 
rain  and  clouds  occafion,  attend  them  •,  as  if  they  brought  cold  air  along 
with  them  from  ..that  upper  region  *,  which  both  Acofta , and  one  who 
has  vifited  far  higher  mountains  than  the  Alps , affirm  to  be,  in  fome 
places,  exceedingly  cold  in  hot  climates,  and  hot  feafons  of  the  year. 

But  to  leave  this  conjedture,  Mr.  JVood  informs  us,  that  44  tho’  in  England , 

44  moft  of  the  cold  winds  and  weather  proceeds  from  the  fea ; and  tho* 

44  thofe  fituations  are  counted  moft  unwholfome  that  are  near  the  coaft  *, 

44  it  is  otherwife  in  New- England”  And  having  added  as  his  reafon, 
that  44  the  north-eaft  wind  coming  from  the  fea,  produces  warm  wea- 
44  ther,  melting  the  fnow,  and  thawing  the  grounds  j”  he  fubjoins  44  on- 
44  ly  the  north- weft  wind  palling  over  the  land,  is  the  caufe  of  extreme 
44  cold  weather,  being  always  accompanied  with  deep  fnows,  bitter 
44  frofts,  &V.”  To  which  we  ffiall  add  this  paflage  from  Capt.  James’s 
voyage.  44  The  winds  fince  we  came  hither,  have  been  very  variable 
44  and  inconftant,  and  till  within  this  fortnight,  the  foutherly  wind 
44  was  col  deft.  The  reafon,  I conceive  to  be,  becaufe  it  blow’d  from  the 
44  main-land,  which  was  all  cover’d  with  fnow  * and  that  the  north  winds 
44  came  out  of  the  great  bay,  which  hitherto  was  open.”  And  laftly, 

I have  been  allur’d,  that  in  Greenland  itfelf,  the  north-eaft  winds  were 
colder  than  any  other  ; which  my  relator  afcrib’d,  in  part,  to  the  filia- 
tion of  the  country  *,  thofe  winds  blowing  over  vaft  tradb  of  ice  without 
any  fea,  to  mitigate  the  cold  they  communicate. 

XXII. 

I come  now  to  confider  thofe  effedls  of  cold,  that  are  not  familiar  but  Strange  effects 
feem  to  have  in  them  fomething  of  wonderful.  of  cold. 

As  to  the  power  of  cold,  either  to  contradt  the  fphere  of  adtivity  of  fire, 
or  to  hinder  its  ufual  effedts,  the  chief  examples  I have  met  with  are  re- 
corded, by  the  Dutch , to  have  happen’d  in  Nova  Zemhla , and  by  Capt. 

James , when  he  winter’d  in  Charlton  illand.  Thefe  Hollanders  fpeak 
thus.  44  On  the  twentieth  it  prov’d  fair  and  ftill  weather,  the  wind  eafter- 
44  ly ; but  it  was  fo  cold,  that  when  we  had  wafh’d  and  wrung  our  Iheets, 

44  they  prefently  froze  fo  ftiff,  that  altho’  we  laid  them  before  a 
44  great  fire,  the  fide  that  was  expos’d  thereto  was  thaw’d,  but  the 
44  other  remain’d  hard  frozen.”  And  again,  44  we  were  in  great 
44  fear,  that  if  the  extremity  of  the  cold  increas’d,  we  ffiou’d  all 
44  die  there  j for  what  fire  foever  we  made,  it  wou’d  not  warm 
44  us.”  Tho’  Capt.  James  winter’d  in  a country  many  degrees  more 
remote  from  the  pole  than  Nova  Zemhla , yet  he  gives  us  this  ac- 
count of  the  power  of  the  cold  to  oppofe  the  adlion  of  fire.  44  The 
44  cook’s  tubs  wherein  he  water’d  his  meat,  Handing  about  a yard  from 
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Physics.  <c  the  fire,  and  which  he  all  day  long  ply’d  with  fnow-water,  were  in 
“ the  night  feafon  firmly  frozen  to  the  bottom  •,  and  therefore  he  was  ob- 
<c  liged  to  water  his  meat  in  a brafs  kettle,  clofe  adjoining  to  the  fire  : and 
“ I have  often  found  the  fide  next  the  fire  very  warm,  whilfl  the  other 
“ remain’d  frozen  an  inch  thick.” 

This  relation,  compar’d  with  thofe  of  the  Hollanders , makes  me  the 
lefs  wonder  it  fhou’d  be  related  to  Marcus  Polus , that  there  is  a certain 
plain  in  Tartary , fituated  between  fome  of  the  highefl  mountains  in  the 
world,  “ where  if  fire  be  kindled,  it  burns  not  fo  bright,  nor  proves  fa 
“ effedlual  to  boil  any  thing,  as  in  other  places.” 

Thefe  relations  of  travellers,  tho’  to  us  who  live  in  England , they  can- 
not but  feem  Arrange,  yet  I dare  not  rejedl  them  as  incredible  *,  becaufe 
ice  and  fnow  having  been  water  before  their  congelation,  muft,  in  pro- 
bability, owe  their  coldnefs  to  that  which  reign’d  in  the  air  fo  that  if  in 
any  place,  nature  has  either  fo  plentifully  flock’d  the  air  itfelf  with  fri- 
gorific  corpufcles,  or  upon  any  other  account  rendred  it  as  cold  as  ice,, 
and  fnow  are  amongfl  us  ; I know  not  why  in  more  northern  climates,, 
where,  perhaps,  fome  faline  exhalations  arife  from  the  earth  and  fea,  a 
coldnefs  may  not  be  diffus’d  thro*  the  air,  fuperior  to  that  which,  by 
fmall  quantities  of  ice  and  fait,  is  at  a fmall  diflance  producible  here ; 
yet  this  is  fo  intenfe,  that  by  pouring  fome  water  on  a board,  and  placing 
a convenient  veffel  thereon,  we  may  with  beaten  ice,  or  fnow  and  fait,, 
and  a little  water,  nimbly  flirr’d  together  in  that  veffel,  make  the  mix- 
ture freeze  the  external  water  quite  thro’  it,  to  an  exceffive  degree  ; and 
that  toojufl  by  the  fire. 

How  greatly  the  air  is  affedled  by  cold,  we  have  feen  already,  by  t e 
freezing  of  fpittle,  or  water,  barely  in  filling  thro’  it:  and  to  give  two. 
or  three  remarkable  inflances  of  its  effedls  upon  fluids,  ’tis  laid,  that  on 
the  27th  of  Sept  ember , it  froze  fo  hard,  that  as  the  Dutch  in  Nova  Zem ~ 
hlay  put  their  nails  into  their  mouths,  to  be  in  a readinefs  for  driving,, 
ice  wou*d  hang  thereon;  and  when  they  took  them  out  again  the  blood 
wou’d  follow.  And  this  is  fcarce  more  Arrange  than  what  is  affirm’d  by 
Dr.  Fletcher , who  fpeaking  of  Mufcovy  fays,  “ if  you  there  in  thewin- 
c<  ter  hold  a metalline  veffef  in  your  hands  in  the  open  air,  they  will 
4C  flick  fiifl  together,  fo  that  the  fkin  will  come  off  when  you  part  them.”’ 
Nay,  in  RuJJia , and  fome  other  cold  countries,  if  a man  be  abroad  in  the 
winter  air  with  a cane,  furnifh’d  with  a metalline  head,  and  the  tip  of 
the  tongue  be  applied  to  the  metal,  they  will  flick,  and  be  as  it  were 
glew’d  together  ; fo  that  they  cannot  be  fever’d  without  great  pain,  and 
fometimes  not  without  leaving  the  fkin.  of  the  tongue  behind.  And 
this  has  been  affirm’d  to  me  by  eye-witneffes  of  unqueflionable  credit.. 
An  ingenious  phyfician,  alfo,  affirm’d  to  me  upon  trial,  that  the  pum- 
mel of  a fword,  expos’d  to  the  winter  air  in  Mofcow , wou’d  flick  to 
the  tongue  that  touches  it,  aaid  fetch  off  the  fkin,  if  forcibly  and  fud- 
denly  pull’d  away. 
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The  reafon  of  fo  odd  a phenomenon,  as  flu*  as  I can  conjecture,  Ph  ysi cs. 
may  be  the  great  and  hidden  lofs  of  agitation  in  the  Saliva , and  part  — v — 
of  the  tongue.  Thus,  if  an  ivory  ball  meet,  in  a diredl  line,  with  ano- 
ther of  equal  bignefs,  moving  upon  a billiard-table,  ’twill  communi- 
cate to  it  apart  of  its  own  motion,  and  retain  the  remainder  ; but  if 
the  latter  were  at  reft,  the  ball  imped’d  againft  it,  will  communicate 
almoft  all  its  motion  thereto,  and  lofe  as  much  itfelf  ; as  appears  by 
its  remaining  quiefcent  in  the  place  of  the  other.  In  like  manner,  the 
metalline  head  of  the  flick,  by  the  intenfenefs  of  the  cold,  may  have 
its  parts  fo  depriv’d  of  motion,  that  when  thofe  of  the  Saliva  and 
tongue  have  communicated  as  much  of  their  agitation  as  they  can, 
there  will  not  remain  among  thofe  three  bodies  a fufficient  degree  of 
motion  to  keep  the  fpittle  fluid  ; which  therefore  being  turn’d  into  ice, 
will  flick  to  both  the  confiftent  bodies,  the  tongue  and  the  metal,  and 
by  this  means  faften  them  together.  In  confirmation  of  this  conjecture, 

I might  add,  therd  are  fome  other  phenomena  explicable  by  the  help 
of  it.  For  inftance,  in  very  frofty  mornings,  the  ice  which  flicks  to 
glafs-windows,  and  often  appears  in  the  form  of  trees,  or  other  odd 
figures,  is  vulgarly  accounted  for  by  fuppofing  the  cold  produced 
them  on  the  out-fide  of  the  glafs,  which,  fome  fancy  the  vapours  of 
the  warm  room  penetrate.  But  ’tis  plain,  that  this  ice  is  formed  within 
the  room,  as  I have  often  obferv’d,  either  by  the  thawing  or  fcraping 
it  oft';  fo  that  it  appears  to  be  made  of  vapours  floating  in  the  air 
and  chancing  to  pafs  along  the  glafs  of  the  windows  ; which  by  the  cold 
of  the  external  air  in  frofty  weather,  lofing  the  natural  agitation  of  its 
parts,  thefe  transferring  fo  much  of  their  motion  to  the  glafs,  retain 
not  enough  to  keep  them  fluid  ; the  confequence  whereof  is,  they  are 
turned  into  ice,  which,  in  very  cold  countries,  will  be  far  thicker  than 
in  England  ; and  accordingly,  an  acquaintance  of  mine  aflfured  me,  he 
obferv’d  the  ice  on  the  in-fide  of  the  windows  of  fome  flows  in  Ruffia , 
to  be  near  an  inch  thick.  And  tho’  Macrobius  and  other  learned 
men,  diflallow  fait- water  to  be  congealable,  yet  the  Dutch  relate,  that 
at  Nova  Zembla , even  in  the  midft  of  September , “ it  was  froze  two 
“ inches  thick.” 

The  effeCls  of  extreme  cold  upon  the  common  earth,  are  very  re- 
markable. Olearius  relates,  that  in  the  year  1634,  the  cold  was  fo 
bitter  at  Mofcow , that  in  the  great  market-place  he  faw  a cleft  many 
yards  long,  and  a foot  broad,  occafion’d  by  it  : and  the  like  h^s  been 
confirm’d  to  me,  by  the  Czar's  chief  phyfician. 

’Tis  fomewhat  ftrange,  that  both  the  violent  heat  of  fummer,  and 
the  extreme  cold  of  winter,  fhou’d  produce  the  like  effeCls  in  the 
ground  ; but  not  having  yet  made  the  proper  experiments,  to  fhew 
from  whence  this  phenomenon  proceeds,  I do  not  pretend  to  deter- 
mine the  caufe  thereof. 
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Physics.  The  Dutch , in  their  third  voyage  to  Nova  Zembla , tell  us,  that 
Wm-v— “ when  they  had  built  a wooden  houfe,  and  were  going  to  fhut  them- 
44  felves  up  therein,  for  the  winter,  they  made  a great  fire  on  the  out- 
44  fide,  to  thaw  the  ground,  that  they  might  place  wood  about  the 
44  houfe  to  make  it  the  clofer-,  but  it  was  all  loft  labour:  for  the  earth 
44  was  fo  hard,  and  frozen  fo  deep,  that  they  cou’d  not  thaw  it.”  Mar- 
tinius  Cromerus , in  his  Polonia , records,  that  44  cold  is  fometimes  fo  vio- 
44  lent  there,  that  trees  wither  at  the  roots,  and  water  pour’d  from  on 
44  high,  turns  to  ice  before  it  reaches  to  the  ground  ; that  the  lakes, 
44  marfhes  and  rivers,  are  fo  frozen  for  two  or  three  months  in  the 
44  winter,  and  fometimes  for  five  or  fix,  that  horfes  and  loaded  car- 
44  riages  may  freely  and  fecurely  pafs  over  them.  And  I my  felf,”  fays 
he,  44  have  on  the  laft  day  of  March , pafs’d  over  the  IVeiJfel  in  Mafovia , 
44  upon  the  firm  ice,  with  a coach  and  four  horfes,  and  a retinue  of 
44  horfemen.” 

After  having  feen  fome  ftrange  effects  of  cold  upon  the  feveral  ele- 
ments, we  proceed  to  take  notice  of  its  power  upon  compounded  bo- 
dies. But  as  we  have  already  deliver’d  its  operation  upon  beer,  ale, 
vinegar,  oil,  wine,  &c.  as  alfo  upon  wood,  bricks,  ftone,  veffels  of 
glafs,  earth,  pewter,  iron  and  brafs,  with  many  ftrange  effecfts  of  it  up- 
on other  inanimate  bodies-,  we  fhall  here  produce  no  more  inftances  of 
that  kind,  but  proceed  toobfervethe  effedts  of  the  fame  quality  upon  ani- 
mals. We  may,  however,  firft  intimate  in  general,  that  tho’  many  plants 
are  preferv’d  by  a moderate  cold,  yet  it  has  been  found,  that  moft  garden 
plants  are  deftroy’d  by  exceffive  degrees  thereof.  Capt.  James  fpeaking 
of  the  greateft  degree  of  cold,  viz.  that  which  he  and  his  company 
felt  in  the  woods  of  Charlton  ifland,  fays,  44  it  was  fo  extreme  as  to 
44  be  intolerable ; no  clothes  were  proof  againft  it,  no  motion  cou’d 
44  refill:  it.  It  wou’d  freeze  the  hair  of  our  eye-lids,  fo  that  we  cou’d  not 
44  fee  \ and  I verily  believe,  it  wou’d  have  ftifled  a man  in  a few  hours 
44  time.” 

Olearius  giving  an  account  of  the  air  of  Mufcovy,  and  efpecially  of  the 
capital  city  thereof,  tells  us,  44  the  cold  is  there  fo  violent,  that  no  furs 
44  can  prevent  it $ but  that  fometimes  men’s  nofes  and  ears,  feet  and 
44  hands,  will  be  frozen  and  fall  off*,”  he  adds,  46  that  in  the  year 
44  1634,  when  he  was  there,  they  cou’d  not  go  fifty  paces  without  be- 
44  ing  benumb’d  with  cold,  and  endangering  the  lofs  of  fome  of  their 
44  limbs.” 

Dr.  Fletcher  fpeaking  of  the  cold,  that  fometimes  happens  in  Ruffiar 
affirms,  that  44  not  only  travellers,  but  people  in  the  very  markets  of 
44  their  towns,  are  kill’d  by  it  fo  that  many  drop  down  dead  in  the 
44  ftreets,  and  travellers  are  brought  into  the  towns  fitting  dead  and  ftiff 
44  in  their  fleds  and  abundance  lofe  their  nofes,  the  tips  of  their 
44  ears,  and  the  balls  of  their  cheeks,  their  toes,  feet,  &c.  When  the 
44  winter  is  very  hard,  the  bears  and  wolves  often  iffue  .by  droves  out 
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44  of  the  woods,  driven  by  hunger,  and  enter  the  villages,  tearing  andpH 
44  ravaging  all  they  can  find  j fo  that  the  inhabitans  are  oblig’d  to'*— * 
44  fly  for  their  lives.” 

To  defcend  now  to  the  more  particular  phenomena  of  cold  in  the 
human  body. 

An  old  fea-captain  told  me,  that  when  he  was  in  Greenland , #hia 
appetite  grew  fo  great,  that  he  cou’d  eat  more  in  one.  day,  than  in 
a week  or  ten  days  here  *,  and  that  accordingly,  both  he  and  others 
found  themfelves  ftronger  there,  than  in  England , and  more  inclin’d 
to  venery. 

’Tis  related  of  the  Hollanders  in  Nova  Zembla , that  if  they  remain’d 
long  in  the  open  air,  there  arofe  blifters  upon  their  faces  and  ears  : and 
Capt.  James  fays,  44  the  cold  in  the  woods  wou’d  freeze  our  faces,  or  any 
44  part  of  our  flefh  that  was  bare.” 

The  Dutch  fpeaking  of  the  pains  they  took  to  dig  away  the  fnow, 
that  cover’d  the  houfe,  and  choak’d  up  their  door,  fay,  44  they  were 
44  forc’d  to  ufe  great  expedition,  for  they  cou’d  not  long  endure  the 
44  extreme  cold  air,  tho’  they  wore  foxes  fkins  about  their  heads,  and 
44  double  apparel  upon  their  backs.”  Captain  James  farther  relates, 
that  in  Charlton  ifland  he  was  oblig’d  to  cut  the  hair  of  his  head  fhort, 
and  fhave  away  all  that  of  his  face,  becaufe  the  ificles  wou’d  other- 
wife  fallen  thereto,  and  make  it  intolerable.  And  he  again  fays,  that 
he  and  his  companions  having  once  been  parted  for  a little  while  in- 
to two  companies,  44  they  all  had  their  faces,  hair  and  clothes,  fo  fro- 
44  zen  over,  that  they  cou’d  not  know  each  other  by  their  habits,  nor 
44  even  by  their  voices.”  And  the  fame  author  gives  this  account  of 
the  death  of  the  gunner  of  his  fhip,  whom  he  calls  a ftrong-hearted 
man,  who  died  before  the  end  of  November.  44  He  had,”  fays  the  Captain, 

44  a clofe  boarded  cabin  in  the  gun-room,  which  was  clofe  indeed,  and 
44  as  many  clothes  on  him  as  was  convenient,  and  a pan  with  coals  of  fire 
44  continually  in  his  cabin  ; for  all  which  warmth,  his  plaifter  wou’d 
44  freeze  at  his  wound,  and  the  bottle  of  fack  at  his  head.” 

44  The  nth  of  December ,”  fays  the  writer  of  the  Dutch  voyage  to 
Nova  Zembla , 44  was  fair  weather,  the  air  clear,  but  very  cold,  for  our 
44  fhoes  froze  as  hard  as  horns  upon  our  feet,  and  within  fide  they 
44  were  white  ; fo  that  we  were  forced  to  make  great  pattens,  the  up- 
44  per  part  of  fheep-fkins,  which  we  put  on  over  three  or  four  pair 
44  of  locks,  and  fo  went  in  them  to  keep  our  feet  warm  ; but  the 
44  clothes  upon  our  backs  were  all  over  white  with  froft.  And,”  fays 
Capt.  James , 44  our  bed-clothes  wou’d  be  cover’d  with  hoar -froft,  which 
44  lay  not  far  from  the  fire.” 

V^e  might  add  from  Gerat  de  Veer , that  44  on  the  26th  of  December , it 
44  was  foul  weather,  the  wind  at  north-weft,  when  it  prov’d  fo  coid 
44  we  cou’d  not  warm  ourfelves,  tho’  we  us’d  all  poflible  means,  great 
44  fires,  ftore  of  clothes,  hot  ftones  and  billets  applied  upon  our  feet,, 
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Physics.  “ and  upon  our  bodies,  as  we  lay  in  our  cabins;  but  notwithftandiug 

« — “ all  this,  our  cabins  were  frozen  in  the  morning.” 

A knowing  and  very  credible  perfon  has  related  to  me  of  the  cold 
of  RuJJia,  where  he  traveled,  particulars  almoft  as  ft  range  as  thofe  I 
have  mention’d  from  books : and  a very  learned  traveller  allures  me,  he 
me£  with  a ftrange  operation  of  the  inclemency  of  the  air,  upon  multi- 
tudes of  men  at  once,  recorded  in  an  approv’d  hiftory  •,  viz.  that,  about 
the  year  1498,  an  army  of  the  Turks  having  made  an  incurfion  into  Poland , 
were  upon  their  return,  furprized  with  fuch  an  extremity  of  cold  and  of 
fnow  in  November , that  out  of  the  whole  army,  which  con  lifted  of  70000 
men,  40000  perifh’d  upon  the  fpot. 

Amongft  the  many  relations  I have  met  with,  of  the  fatal  effebts 
of  cold  in  northern  countries,  I am  furpriz’d,  I cou’d  not  find  any 
account  of  the  change  made  in  the  internal  parts  of  the  bodies  kill’d 
by  it.  But  meeting  with  a defcription  of  a Polijh  province,  call’d  Uk- 
raine of  the  fame  latitude  with  Normandy , and  often  fubjebf  to  excef- 
ftve  cold,  I find  the  author  gives  an  account,  not  indeed  of  what  I fought 
for  in  him,  but  of  two  differing  effebts  of  cold  upon  the  bodies  of 
men.  The  firft  is,  that  fometimes,  when  the  natural  heat  proves  fcrong 
enough  to  protect  the  toes,  cheeks,  ears,  and  other  parts,  that  are 
either  more  remote  from  the  heart,  or  more  tender,  from  a fudden 
mortification  *,  yet  unlefs  nature  be  aflifted  either  by  good  precautions 
or  remedies,  fhe  cannot  hinder  the  cold  from  producing  cancers  in 
thefe  parts,  as  painful  as  thofe  which  are  caus’d  by  a fcalding  and 
malignant  humour  •,  which  fhew’d  me,  fays  our  author,  that  cold  has  as 
great  a power  to  deftroy  things,  as  fire  to  confume  them.  He  adds,  that 
the  beginning  of  thefe  cancerous  fores  is  fo  fmall,  that  what  produces  the 
pain,  fcarce  equals  the  bignefs  of  a pea  •,  and  yet  in  few  days  or  hours 
it  fpreads  fo,  as  to  deftroy  the  whole  part  it  invades  : and  this  he  con- 
firms by  the  example  of  two  perfons  of  his  acquaintance,  who  thus 
immediately  loft  the  charabteriftics  of  their  ftx.  As  to  thofe  who  are 
kill’d  with  cold,  our  author  fays,  they  perifh  differently.  For  fome, 
not  being  fufficiently  fortified  againft  the  cold  by  their  own  internal 
heat,  nor  competently  arm’d  againft  it  by  furs,  inunbtions,  and  other 
external  means  ; after  having  their  hands  and  feet  firft  feized,  till  they 
grow  paft  feeling  it,  the  reft  of  their  bodies  is  fo  invaded,  that 
they  are  taken  with  a drowfinefs,  that  gives  them  an  extreme  propen- 
fity  to  fleep,  which  if  indulg’d,  they  awake  no  more,  but  die  infen- 
fibly.  And  from  this  kind  of  death,  our  author  adds,  he  was  feveral 
times  fnatch’d  by  his  fervants,  who  were  more  accuftomed  to  the  cold 
than  he,  and  feafonably  forc’d  to  awake  out  of  thofe  drowzineffes, 
which  they  knew  to  be  dangerous.  And  indeed,  that  death  by 
cold  is  fometimes  indolent,  the  relations  of  fome  intelligent  ac- 
quaintance of  mine,  who  have  been  in  exceeding  cold  countries,  con- 
firm. 


But 
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But  the  other  way  whereby  cold  deftroys  a man,  is  the  moft  remark- Physics. 
able.  He  tells  us,  that  fometimes  the  cold  feizes  the  reins,  and  all v— 
about  the  waift,  efpecially  horfemen,  underneath  the  armour  of  the  back 
and  bread:  •,  and  ftrikes  into  thofe  parts  fo  forcibly,  that  it  freezes  the  ab- 
domen and  vifcera  •,  fo  that  tho’  they  have  keen  appetites,  they  cannot  di- 
geft  or  retain  the  lighted  aliment,  but  prefently  rejedt  it  by  vomit,  with 
unfpeakable  gripings  and  pains  *,  and  fo  continually  complaining  of  their 
condition,  and  fometimes  crying  out,  as  if  their  bowels  were  tearing  out, 
they  end  their  miferable  lives  almoft  in  madnefs  and  defpair.  Having 
feen  fome  of  thefe  departed  wretches  open’d,  he  fays,  they  found  the 
greateft  part  of  their  vifcera  black,  burn’d  up,  and  as  it  were  glew’d  to- 
gether ; whence  he  thinks  it  probable,  that  as  their  bowels  came  to  be 
gangrenated,  they  were  forc’d  to  thofe  complaints  and  exclamations ; and 
we  may  add,  that,  probably,  upon  the  fame  caufe  depended  thole  con- 
tinual vomitings  of  what  they  eat  and  drank  ; the  gangrene  of  the  guts 
hindering  the  paffage  of  the  excrements  downwards,  as  it  often  happens 
in  the  true  Iliac  a Paffio  and  the  periftalitic,  or  the  ufual  motion  of  the 
guts  being  inverted,  as  it  alfo  frequently  happens  in  the  fame  difeafe. 
Anatomifts  and  phyficians,  no  doubt,  will  think  this  account  very  imper- 
fect ; but  ’tis  the  beft,  and,  indeed,  the  only  one,  I have  hitherto  met 
with  of  this  diftemper  *,  tho’  I cou’d  wifh  it  had  been  much  more  full 
and  particular,  and  that  he  had  alfo  open’d  thofe  animals,  and  efpecially 
their  brains,  which  he  mentions  to  have  been  kill’d  fuddenly,  and  with- 
out pain,  by  cold.  For,  fuch  informations,  (the  want  whereof,  as  far  as 
our  climate  wou’d  permit,  I have  had  thoughts  of  fupplying  by  experi- 
ments upon  other  animals,)  wou’d  perhaps  fatisfy  me  in  a conjecture, 
countenanc’d  by  feveral  trials  upon  vegetables  and  animals  after  death,  as 
to  the  caufe  of  mortifications  produced  by  exceffive  cold. 

What  effects  may  be  produc’d  by  violent  cold  upon  other  animals,  I 
fcarce  find  mention’d  by  any  writers  I have  met  with.  The  author,  in- 
deed, lately  quoted  M.  de  Beauplan , tells  us,  in  general,  that  the  cold  in 
JJkrain  is  fometimes  fo  great,  as  to  be  fcarce  fupportable  by  horfes,  and 
fome  other  cattle.  He  alfo  mentions  a familiar  four-footed  animal,  call’d 
Bohack , faid  to  be  peculiar  to  thofe  parts,  that  hides  itfelf  under  ground 
in  winter.  A Polijh  nobleman  told  me,  that  when  he  was  in  that  pro- 
vince, he  had  one  of  them  prefented  him  as  a rarity,  which  fome  of  the 
Poles , chancing  to  dig  in  a retired  place,  were  furpriz’d  to  find : and 
tho’  this  creature  was  frozen  fo  ftiff,  that  they  thought  it  to  be  ftark  dead  ; 
yet  when  they  came  to  flea  it  for  its  fkin,  it  was  awaken’d  by  pain,  and 
recover’d  itfelf. 

That  fome  other  animals  may  be  frozen  ’till  they  are  fliff,  and  yet  re- 
cover, we  fhall  fee  hereafter.  ’Tis  a tradition  among  thofe  who  travel 
into  northern  climates,  that  both  birds  and  wild  beafts,  are  in  icy 
and  fnowy  countries,  ordinarily  turn’d  white,  in  the  winter,  by  the 
coldnefs  of  thofe  parts.  This  account  I dare  neither  admit  as  true 

univer- 
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univerfally,  nor  rejedt  as  utterly  falfe.  For,  not  now  to  enquire  into  the 
caufe  of  this  whitenefs,  I find,  by  the  voyages  that  I have  perufed,  that 
fiilors  often  mention  their  meeting  with  numbers  of  white  bears  and  foxes 
in  Nova  Zembla , and  other  very  northern  regions  ; and  alfo,  fometimes, 
with  herds  of  white  deer:  and  in  the  Alpsy  which  are  always  covered  with 
fnow,  credible  authors  mention,  their  having  feen  white  patridges.  And 
I remember,  when  I was  in  Savoy , and  the  countries  adjoining  thereto, 
where  the  tops  of  the  mountains  are  almoft  perpetually  covered  with  fnow,  . 
frequent  mention  was  made  to  me  of  a certain  white  kind  of  pheafants  to 
be  met  with  in  the  upper  parts  of  the  mountains,  which  were  accounted 
very  delicious.  But  on  the  other  fide,  the  fame  failors,  treating  even  of  the 
coldeft  climates,  feem  to  diftinguifh  the  white  bears  from  others  of  thofe 
parts.  And  ’tis  from  very  northern  countries,  that  we  ufually  receive  dark 
coloured  furs,  and  the  {kins  of  black  foxes,  as  well  as  white  ones.  But 
as  for  the  herds  of  white  deer,  their  colour  may  proceed  from  feminal 
impreffions ; fince  here,  in  England , I have  feen  white  ones.  And  tho* 
Greenland  be  fome  degrees  nearer  the  pole  than  Nova  Zembla , yet  I 
have  feen  a live  deer  brought  from  thence,  whofe  fkin  was  not  white, 
but  rather  of  a kind  of  dun  •,  and  his  coat  might  well  have  pafs’d  for 
& fur.  Yet  thefe  two  particulars  feem  to  favour  the  efficacy  of  cold  *, 
the  one,  that  in  feveral  cold  countries,  as  particularly  in  Greenland  and 
Livonia , even  modern  defcribers  of  them  affirm  hares  will  turn  white 
in  winter,  and  return  to  their  native  grey  colour  in  fummer  *,  the 
other,  that  tho’  Charlton  iiland  differ  not  one  degree  in  latitude  from 
London , yet  Captain  James  takes  notice  of  foxes  there,  that  were  pied, 
black  and  white  *,  and  alfo  of  white  patridges. 

The  Swedifh  ambaffadors  affured  me,  that  in  Mufcovy , and  fome  other 
northern  countries,  the  hares  are  of  the  fame  colour  with  ours  in  fum- 
mer, but  fnow  white  in  winter  ; and  that  they  begin  to  change  co- 
lour in  autumn,  and  to  recover  it  in  the  fpring.  The  elder  of  them, 
Monfieur  Coyet,  affured  me,  he  had  himfelf  obferved  the  thing ; and  the 
fame  was,  likewife,  affirmed  by  the  Swedifh  refident  then  prefent  *,  who 
farther  added,  that  on  the  borders  of  Mufcovy , he  had  feen  numbers 
of  milk  white  patridges  in  winter  •,  and  they  all  three  agreed,  that  fquir- 
rels,  which,  in  fummer,  are  of  the  ufual  colour  with  ours,  do,  in  the 
winter,  turn  grey,  and  recover  their  brown  colour  the  following  fum- 
mer. They  were  pleafed,  alfo,  to  fend  me  word  by  an  ingenious  gen- 
tleman, fon  to  Monfieur  Coyety  that  on  one  fide  of  the  river  Dunay 
which  divides  Livonia  and  Mufcovy , the  hares  are  of  the  ordinary  colour, 
but  on  the  other  fide  white  *,  fo  that  when  the  hunts-men  meet  with  any 
white  ones,  on  that  fide  the  river,  fuppofed  peculiar  to  the  other,  they 
call  them  deferters. 

An  old  fea-captain  told  me,  that  the  white  bears  in  or  about  Greenland , 
notwithstanding  the  coldnefs  of  the  climate,  have  an  excellent  nofe  *, 
and  that  fometimes,  when  the  fiflier-men  had  difmiifed  the  carcafs  of 
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-.a  whale,  and  left  it  floating  on  the  waves,  three  or  four  leagues  from  the  Physics. 
fhore,  whence  it  could  not  be  feen,  thefe  animals  would  Hand  as  near  the  v— 
water  as  they  could,  and  railing  themfelves  on  their  hind-legs,  loudly 
/ fnufF  in  the  air,  and  with  the  two  paws  of  their  fore-legs,  as  with  fans, 
drive  it  as  it  were  againft  their  fnouts  ; and  when  they  were  (as  my  relator 
fuppofed)  fatisfied,  whence  the  odour  came,  they  would  calt  themfelves 
into  the  fea,  and  fwim  dire&ly  towards  the  whale,  as  my  relator  and  others 
obferve,  who  had  fometimes  the  curiofity  to  row,  at  a diftance,  after  them ; 
to  fee  whether  their  nofes  would  ferve  them  for  guides,  when  their  eyes 
could  not.  He  faw  no  other  bears  in  thofe  parts  but  white  ones. 

An  inquifitive  perfon  told  me,  that  having  refided  for  fome  time  in  Pruf- 
fia , he  had,  more  than  once  or  twice,  in  different  places,  obferved,  as  others 
in  his  company  alfo  did,  that  the  fillier-men,  in  breaking  the  ice  of  ponds 
which  had  been  long  frozen,  and  taking  out  thence  confiderable  mafles  of 
it,  feveral  times  found  many  fvvallows  in  them,  fo  inclofed  in  the  ice,  as 
not  to  be  got  out  but  by  breaking  or  thawing  it.  He  farther  faid,  that 
when  thefe  lumps  of  ice  came  to  be  thaw’d  in  the  ftoves,  the  fwallows, 
which  lay  feemingly  dead  before,  would  revive,  and  perhaps  fly  about 
the  room,  but  did  not  long  furvive  their  recovery  out  of  their  infenfible 
ftate  ; fome  dying  again  in  few  hours,  others  the  next  day,  or  perhaps  on 
the  third  j but  few  or  none,  that  he  obferved,  lived  beyond  the  fourth  or 
fifth.  This,  as  my  relator  judg’d,  happened  thro’  their  want  of  appetite ; 
but,  I believe,  it  proceeded  principally  from  their  want  of  flies  and  pro- 
per  animals  to  feed  on,  which  they  could  not  obtain  in  the  winter. 

XXIII. 

Since  many  ingenious  men  aflert,  that  water  is  turned  into  ice  by  the  in- 
troduction of  frigorific  corpufcles,  we  thought  fit  to  try  whether  a liquor,  Experiments 
by  its  increafe  of  weight  when  frozen,  would  betray  them.  And  the  fir [\upon  the 
experiments  we  made  to  difeover  this  were  with  eggs.  Hie^froxen" 

1.  We  placed  an  exaCt  balance  in  a frame,  and  into  one  fcale  thereof  and  unfrozen . 
put  two  eggs,  and  counterpoifed  them  with  brafs  weights,  then  buffered  all 
thus  to  continue,  during  a very  fharp  night  in  a turret ; and  coming  the 
next  morning  to  view  them,  we  found  the  eggs  grown  lighter  by  very  near 
four  grains  : we  afterwards  repeated  this  experiment  twice  or  thrice  •,  but 
having  been  diverted  from  regiftring  the  events,  I dare  only  fay,  that  fome 
of  the  circumftances  feem’d  very  odd  and  uncertain  •,  and  that  I defifted 
from  profecuting  it,  becaufe  an  increafe  of  weight  in  eggs,  thus  expofed, 
was  hardly  to  be  hoped  for,  fince  part  of  the  more  fubtile  and  fpirituous 
corpufcles  they  contain,  continually  get  away  thro’  the  pores  of  the  fkin 
and  fhell : which  feems  to  be  the  reafon  why  eggs  long  kept,  haveufually 
within  the  ftiell,  a confiderable  cavity  j fo  that  tho’  the  frigorific  atoms 
Ihould,  by  their  ingrefs,  here  add  a fmall  weight,  yet  that  would  not, 
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cs.unlefs  perhaps  in  the  very  jun&ure  when  the  congelation  is  firft  actually 
made,  be  taken  notice  of. 

2.  And  for  farther  (atisfadtion  in  this  matter,  we  carefully  counterpoifed 
four  hen-eggs  in  a good  pair  of  feales  fufpended  at  a frame,  and  fuffering 
them  to  continue  for  a pretty  while,  we  obferved,  that  tho’  it  were  winter, 
and  tho*  the  room  made  choice  of  was  deftitute  of  a chimney,  yet 
that  fcale  wherein  the  eggs  lay,  grew  manifeftly  lighter,  fo  that  it  was 
requifite,  from  time  to  time,  to  take  a grain  out  of  the  oppofite  fcale, 
to  reduce  the  balance  to  an  equilibrium ; and  by  this  means,  we  found 
the  eggs,  after  fome  time,  to  have  loft  eight  grains  of  their  former 
weighty  but  how  much  more  they  would  lofe,  we  could  not  ftay  to 
difeover. 

3.  I endeavoured,  alfo,  to  fatisfy  my  felf,  whether  eggs,  when  once 
adtually  frozen,  and  kept  in  a pair  of  nice  feales  faftened  to  a frame,  in 
fome  quiet  place  that  was  well  fenced  from  the  fun,  would,  by  the 
cold  of  the  air,  in  freezing  weather,  continue  for  any  confiderable  time 
without  a fenfible  diminution  of  their  weight;  but  an  unexpected  thaw  hin- 
dred  us  from  feeing  the  fuccefs  of  what  we  defign’d  of  this  nature,  both  as 
to  eggs  and  fome  other  bodies.  But  if  the  experiment  were  very  carefully 
made  upon  a competent  variety  of  them,  efpecially  upon  camphire  and 
fome  other  very  exhalable  bodies;  it  might  poffibly  aftift  us  to  guefs  what 
intereft  the  cold  has  in  the  fuppreftion,  or  exhalation  of  their  effluvia. 

4.  But  to  return,  a ftngle  vial  of  water  fealed  up,  wiped  dry,  and 
weighing  four  ounces  four  drams  and  a half  when  froze  by  ice  and  fait, 
loft  by  being  thaw’d  fomewhat  more  than  a grain. 

5.  We  took  a thin  vial  furnifhed  with  a long  neck,  which  at  the  flame 
of  a lamp,  was  drawn  gradually  (lender,  fo  that  being  very  narrow  at  the 
top,  it  might  the  more  readily  be  fealed ; this  we  filled  with  water,  al- 
lowing room  for  its  expanding  upon  glaciation,  and  placed  it  in  a mix- 
ture of  fnow  and  lalt ; when  the  glafs  appeared  nearly  full  of  ice,  it  was 
taken  out  immediately,  feal’d  hermetically,  and  weigh’d  in  a pair  of  very 
good  feales ; whereby  we  found  the  whole  amount  to  fix  ounces  and 
half  a grain,  tho’  fome  of  the  ice  began  to  thaw  in  the  operation : the 
vial  being  thus  removed,  and  fuffered  to  ftand  alone  for  two  or  three 
hours,  the  ice  was  vanifhed  ; when  we  again  put  the  containing  glafs,  in 
the  fame  feales,  and  found  that  it  weighed  rather  a little  more  than  before; 
but  this  not  amounting  to  half  a grain,  it  might  well  be  attributed  to  fome 
difference  in  the  weights  and  grains  themfelves,  or  to  fome  unheeded 
moifture  that  might  adhere  to  the  vial. 

6.  We  placed  another  very  thin  vial  of  water,  fealed  as  the  former, 
that  weighed  four  ounces,  two  drams,  forty  one  grains,  in  a mixture  of 
fnow  and  fait;  thereby  freezing  it  warily,  to  prevent  its  breaking;  then 
we  removed  it  into  the  fame  feales,  and  found  it  to  weigh  either 
juft  as  before,  or,  if  there  were  any  difference,  to  have  loft  a quarter 
of  a grain.  Being  fuffered  to  thaw,  we  placed  it  in  the  fcale  again, 
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and  found  its  weight  the  fame  when  frozen,  tho’  the  weights  were  nu- Ph ysics. 
merically  the  fame,  and  about  | of  a grain  would  turn  the  fcales.  I — * 

was  careful  this  laft  time  to  wipe  the  outfide  of  the  glafs  with  a linen 
cloth,  becaufe  I had  obferv’d,  if  ice  be  haftily  thaw’d,  it  will  there  pro- 
duce a dew. 

Captain  James  gives  us  a particular  in  his  voyage,  which,  if  it  had 
been  circumftantially  fet  down,  might  prove  of  moment  in  regard  to  the 
weight  of  bodies  frozen  and  unfrozen.  “ We  hoifted  our  beer  and  cyder,” 
fays  he,  “ and  made  a raft  of  them,  faftening  them  to  our  fhore-am 
“ chor  *,  they  both  funk  prefently  to  the  ground  \ which  was  nothing 
“ ftrange  to  us,  becaufe  any  wood  or  pipe-ftaves,  that  had  lain  under  the 
“ ice  all  winter,  would  fink  down  as  foon  as  ever  they  were  heav’d  over 
“ board.” 

7.  I was,  alfo,  defirous  to  fee  whether  any  difference,  as  to  weight,  would 
be  produced  by  freezing  and  thawing  iron,  ftone,  wood,  or  the  like  folid 
and  permanent  bodies,  which  I intended  to  have  exactly  weigh’d  before 
and  after  they  were  expofed  to  the  air  in  frofty  weather  *,  and  again,  after 
the  froft  was  gone  ; and  this  againft  counterpoifes,  not  expofed  to  fo  great 
a degree  of  cold.  And  tho’  we  were  prevented  from  bringing  the  matter 
to  fuch  an  iffue  as  we  defired  -,  yet  this  kind  of  experiments  feems  not  ir- 
rational *,  fince  its  highly  probable,  that  even  (tones  and  metals  fuffer  a 
change  of  texture  by  the  adtion  of  fome  degrees  of  cold.  And  I remem- 
ber to  have  made  feveral  experiments  as  to  the  weight  of  fome  metals  and 
(tones,  both  before  and  after  they  had  been  long  expofed  to  a more  vehe- 
ment cold  than  wou’d  have  fufficed  to  turn  water  into  ice,  and  alfo  after 
they  had  been  left  expofed  to  a warm  air  *,  tho’  the  paper  in  which  we  re- 
giftred  the  events  of  thefe  trials  having  been  miflayed,  I dare  not  charge 
my  memory  with  the  particulars  •,  but  if  I miftake  not,  one  or  two  flones 
increafed  their  weight,  by  being  buried  in  our  frigorific  mixture  ; which 
may  be  imputed  to  fome  particles  of  the  ice  refolved  into  water,  by  the 
fait  imbibed  into  the  pores  thereof.  For  having  procured  an  experiment 
to  be  made  by  an  ingenious  perfon,  upon  a (lone  hard  enough  to  bear 
a good  polifh  ; he  inform’d  me,  that  the  (lone,  by  being  kept  a while 
in  water,  tho’  it  was  afterward  wiped  dry,  difcovered  a manifeft  in- 
creafe  of  weight.  And  in  confirmation  of  my  conjedlure,  I might 
add,  that  from  a fort  of  ftones,  of  a texture  clofe  enough  to  bear  a 
polifh,  I obtained,  by  diftillation,  a confiderable  quantity  of  an  almoft 
infipid  liquor,  which  I fufpedled  to  be,  chiefly,  water  foaked  into  the 
(lone.  But  fuch  trials  as  thefe,  with  others  of  the  like  kind,  we  leave 
to  be  farther  profecuted.  However,  thofe  we  made  in  fealed  vials,  were 
managed  with  accuracy  ; and  fome  of  the  reft  were  defigned  to  fatisfy 
others  rather  than  our  felves  *,  for  fhould  an  additional  weight  be  found 
in  frozen  bodies,  yet  how  do  we  hence  know  that  the  atoms  of  cold  are 
either  heavy  or  light,  any  more  than  the  effluvia  of  magnetic  and  e- 
ledtrical  bodies  ? 

8.  The 
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Physics.  8.  The  experiments  her!  delivered,  may,  perhaps,  keep  men  from 
'T— ^ being  milled  by  the  contrary  accounts,  which  I find  to  have  been  given 
of  the  weight  of  ice  and  water,  by  no  obfcure  writers.  Thus  Hdmont , 
for  inftance,  dogmatically  tells  us,  that  if  a large  glafs-veflfel,  filled 
with  pieces  of  ice,  be  hermetically  fealed  and  balanced  in  a pair  of 
fcales,  we  fliall  find  the  thaw’d  liquor  weigh  almofi:  an  eighth  part 
more  than  the  ice.  Tho’  we  have  already  manifefted  the  falfity  hereof, 
yet  for  further  confirmation,  we  feveral  times,  on  purpofe,  weighed  ice 
frozen  and  thaw’d,  without  finding  any  reafon  to  doubt  that  Helmont 
was  miftaken  ; and  particularly  having  filled  a wide-mouth’d  glafs 
with  folid  fragments  of  ice,  both  together  amounting  to  a pound 
weight,  I whelm’d  over  the  mouth  of  it,  another  flat-bottom’d  glafs, 
fo  that  if  any  vapours  lhould  afcend,  they  might  be  condenfed  into 
drops ; this  ice  being  thaw’d  in  a warm  room,  no  drops  appear’d  on 
the  infide  of  the  inverted  glafs  ; when  the  other  being  put  into  the  fame 
fcale,  appear’d  almofi:  exadlly  of  the  fame  weight  as  before  *,  tho’  the  ice 
alone,  that  had  been  refolved,  amounting  to  much  above  eight  ounces, 
ought,  according  to  Helmont's  proportion,  to  have  been  augmented  by 
a whole  ounce  at  leafi.  And  I make  no  doubt,  that  if  the  experi- 
ment had  been  tried  with  a greater  quantity  of  ice,  the  event  would 
have  been  very  little,  if  at  all,  different.  But  I purpofely  chofe  to 
make  my  trials  in  no  great  quantities  of  matter,  becaufe  ’tis  very  dif- 
ficult to  provide  fcales  fiirong  enough  to  weigh  them  without  being 
injured  *,  and  yet  prove  accurate  enough  to  difcover  fuch  fmall  diffe- 
rences as  are  fit  to  be  taken  notice  of  in  fuch  experiments.  Miftakes  in 
thefe  ftatical  trials  may  eafily  happen,  unlefs  great  care  be  ufed. 
When  open  vefiels  are  made  choice  of  to  freeze  water  in,  ’tis  no 
wonder  that  the  ice  weighs  lefs  than  the  fluid  ; becaufe  fome  of  its 
parts  will  then  fly  away  in  congelation.  Thus  a porringer  of  water, 
let  to  freeze  in  the  open  air,  I once  obferved  to  lofe  fifty  grains,  and 
another  fixty  * but  making  the  like  trial  in  a clofe  pewter  pot,  we 
found  not.  the  difference  of  a grain  between  the  ice  and  the  water* 
into  which  it  was  difiblved.  But  that  even  ice,  as  well  as  water,  may 
exhale  in  frofiiy  weather,  is  prov’d  by  this  experiment.  Having  placed 
feveral  lumps  of  folid  ice  in  a porringer,  which  together  weighed  a pound, 
and  expofed  them  in  the  fame  fcales  wherein  they  were  weighed,  to  the 
free  air  of  a very  frofiiy  night,  we  found  the  ice  had  lofii,  next  morning, 
twenty  four  grains  of  its  weight : the  weather  continuing  excefiive  cold, 
we  kept  the  ice  out  of  the  fun,  in  the  fame  fcales  all  day,  and  a large  part 
of  the  following  night,  and  then,  weighing  it  the  fecond  time,  found  that 
the  whole  decreafe  of  weight  amounted  to  two  drams,  five  grains,  tho’ 
the  weight  of  the  ice,  without  the  porringer,  were  but  about  feven 
ou:ices.  And  when  we  had  kept  about  thirteen  ounces  of  ice  expofed  to 
the  air  in  a very  frofiiy  night,  it  had  loft,  the  next  morning,  above  two 
drams  of  its  former  weight. 

9.  The  like  experiment  we  made  with  fnow  as  follows. 


Four 
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Four  ounces  of  fnow,  made  up  into  a lump,  and  counterpoifed  in  a pair  Physics, 
of  good  fcales,  were  expofed  in  a frofty  night,  after  eleven  a-clock,  with- 
out being  taken  out  of  the  balance  *,  the  next  morning  between  nine  and 
ten,  there  appeared  a decreafe  of  twenty-nine  or  thirty  grains,  which 
feem’d  to  have  evaporated  from  the  fnow  it  felf ; for  tho*  a fmall  portion 
of  it  were  melted  in  the  fcale,  yet  that  amounted  not  to  eight  grains, 
which  was  not  a third  of  the  weight  the  fnow-ball  had  loft.  But  fuppo- 
fing  the  decreafe  would  be  greater,  if  the  fnow  had  a larger  fuperficies  in 
proportion  to  the  bulk  thereof,  I caufed  the  following  trial  to  be  made. 

Two  ounces  of  fnow,  made  up  into  a flat  cake,  being  expofed  all  night, 
which  was  frofty,  in  the  balance  *,  there  appeared,  next  morning,  about 
eight  a-clock,  to  have  been  loft  fifty-five  grains,  tho*  no  water  was  found 
in  the  fcale  ^ and  about  two  hours  after,  the  decreafe  was  found  to  be 
about  fixty-three  grains,  none  of  the  fnow  ftill  appearing  to  have  melted 
in  the  fcale*. 

XXIV. 


I have  at  feveral  times  made  different  experiments  to  difcover  whether  Promi/cuous 
congelation  would,  by  conftringing  the  pores  of  bodies,  vitiating  their  experiments 
texture,  or  arrefting  the  motion  of  their  parts,  hinder  them  from  emitrino-^^^ff^ 
thofe  effluvia  that  we  call  odours.  * 0<ww  upon  M 

1.  Having  in  the  months  of  December  and  January , whilft  the  weather 
was  frofty,  gathered  different  forts  of  flowers,  I could  fcarce  perceive  any 
fmell  therein  ; indeed,  moft  of  them  were  flaggy,  and  feemed  ready  to 
wither : but  a primrofe,  that  was  vigorous  and  frefh  in  its  kind,  had  an 
odour  that  was  manifeftly  fweet  and  genuine. 

I put,  alfo,  about  an  ounce  of  rofe-water  into  a fmall  vial,  and  after  hav- 
ing fmelt  thereto,  it  was  expofed  to  freeze  in  the  open  air ; and  when 
it  began  to  freeze,  I fmelt  to  it  again ; but  found  the  perfume  fcarce 


* M.  Gauteron  obferved,  during  the  great 
froft  at  Montpellier , in  the  year  1708.  that  li- 
quids evaporated  much  fader  than  when  the 
air  was  temperate.  An  ounce  of  water  expofed 
all  night  to  freeze  in  a China  veflel  two  inches 
in  diameter,  had  loft  in  the  morning  twenty 
four  grains ; and  after  it  was  thaw’d,  the  wa- 
ter wanted  twelve  grains  of  its  weight ; tho’ 
he  was  exceeding  cautious  to  prevent  a fecond 
evaporation.  Common  water,  oil  of  nuts, 
oil  of  turpentine,  fpirit  of  wine,  oil-olive,  and 
quick-filver,  being  expofed  after  the  fame 
manner,  and  in  the  fame  quantity,  the  water 
prefently  froze,  and  loft  fix  grains  in  an  hour’s 
time ; the  oil  of  nuts  eight  grains,  the  fpirit 
of  wine  and  oil  of  turpentine,  each  of  them 
twelve  grains  in  an  hour ; but  the  oil-olive  and 
the  mercury,  appeared  to  have  rather  increafed 


in  their  weight.  Next  morning  the  frozen 
water  had  loft  thirty-fix  grains ; the  oil  of  nuts, 
which  remain’d  unfrozen,  forty  grains;  the 
fpirit  of  wine  and  oil  of  turpentine,  which  alfo 
were  not  frozen,  fifty-four  grains  each;  but 
the  mercury  and  oil-olive,  continued  nearly  as 
they  were.  This  gentleman  found  even  the 
hardeft  ice  evaporate  fo  faft,  that  in  twenty- 
four  hours  it  loft  about  one  hundred  grains. 
And  in  the  coldeft  night  of  this  froft,  which 
he  fays  was  the  moft  extreme,  that  had  ever 
been  felt  in  that  country,  the  liquor  of  a com- 
mon thermometer,  being  wholly  reduced  into 
the  ball,  the  water  loft  forty-eight  grains,  the 
oil  of  nuts  fifty- four,  and  the  oil  of  turpentine 
and  fpirit  of  wine  each  feventy-two  grains. 
Memoir,  de  /’ Academ.  A.  1 709.  p.  584= — 5 88. 
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Physics,  at  all  abated;  and  laftly,  having  fuffered  it  to  continue  in  the  air  that 
^-"V1  was  then  very  fharp,  till  quite  congealed,  the  ice  was  not  deftitute  of 

a grateful  and  genuine  fcent,  tho’  it  feem’d  fomewhat  faint ; and  even 
after  the  ice  was  again  reduced  to  water,  the  fragrancy  appeared  con- 
fide rable. 

But  care  muft  be  had  in  trials  of  this  nature,  to  make  an  early  efti- 
mate  ; for  if  too  much  time  be  fpent  herein,  there  is  danger  that  the 
warmth  of  one’s  breath  and  face  may  relax  the  pores,  or  thaw  the 
furface  of  the  ice,  and  both  free  and  excite  the  fcented  corpufcles  ; 
whence,  inftead  of  ice,  a liquor  would  be  fmelt  to.  Thus  having  pro- 
cured fome  rain-water  that  had  been  kept  in  a tub,  till  it  flunk  fo 
ftrongly,  that  I could  hardly  endure  it  near  my  nofe,  I caufed  a por- 
ringer full  of  it  to  be  expofed  all  night  to  a very  fharp  air,  and  ex- 
amining it  next  morning,  when  it  was  all  turn’d  into  ice,  neither  T, 
nor  others  to  whom  it  was  offered,  could  perceive  any  (link  at  all  in  it ; 
but  having  in  another  place  repeated  the  experiment  with  as  flunking 
water,  when  the  porringer  was  the  next  morning  brought  to  my  bed- 
fide,  I found  it  ftink  abominably  ; for  the  warmth  of  the  room  had 
thaw’d  the  fuperficial  parts  of  the  ice : but  expofing  the  veflfel  with 
that  liquor  in  it  to  the  cold  air  again,  an  ice  was  produced  that  we 
found  perfedfly  inodorous.  And  I remember  that  one  of  thefe  parcels 
of  ice  being  thawed,  it  feemed  to  be  lefs  fetid  than  before  it  had  been 
frozen.  And  if  I had  not  been  diverted,  I fhould  have  tried  whether 
this  ice,  that  did  not  emit  odours,  would,  like  other  ice,  afford  effluvia 
difcoverable.  by  the  bal lance  ; for  whether  it  loft  of  its  weight  or  not, 
the  event  might  afford  a confiderable  hint. 

2.  We  alfo  attempted  to  difcover  the  effe£t  of  congelation  upon  feveral 
other  qualities  ; not  only  thofe  that  are  reputed  manifeft,  as  colours  and 
taftes ; the  latter  whereof  we  fometimes  found  to  be  confiderably  changed 
for  the  worfe  in  flefli  ; but  alfo  thofe  that  are  ufually  term’d  occult ; par- 
ticularly, I had  a mind  to  fee  whether  the  purging  faculty  of  cathartics, 
would  be  advanced,  impaired,  or  deftroyed  thereby  : and  for  this  purpofe, 
I caufed  feveral  purging  liquors  to  be  expofed  to  the  cold,  fome  of  a more 
mild,  and  others  of  a brifker  nature,  in  the  forms  of  fyrup,  decodtion, 
infufion,  &V.  but  for  want  of  opportunity  to  try,  upon  the  bodies  of 
animals,  what  change  the  cold  had  made  in  them,  I was  unable  to  fa- 
tisfy  my  felf  herein  : only,  as  in  fome  of  thefe  trials,  I made  ufe  of 
purgative  liquors  prepared  by  fermentation,  I fliall  add,  that  fermenta- 
tion is  fo  noble  and  important  a fubject,  that  the  influence  of  cold  upon 
it  deferves  a particular  inquiry. 

That  this  influence  may  be  very  confiderable,  feems  probable  to  me 
from  having  obferved,  upon  trial,  that  raiflns  and  water  did  not,  in 
many  days,  whilft  the  weather  continued  very  frofty,  fo  much  as  be- 
gin to  ferment,  tho*  the  water  were  kept  fluid  ; and  that  beer  will  con- 
tinue 
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tinue  new,  as  it  were,  and  unfit  for  drinking,  much  longer  than  could  rea-PH 
dily  be  fufpedted,  if  very  frofty  weather  happen  before  it  has  finifhed  its v— ■ 
fermentation.  And  an  experienced  perfon  affured  me,  that  fuch  liquor 
would  not  fometimes  in  five  or  fix  weeks  of  very  frofty  weather,  be  brought 
to  fuch  a degree  of  ripenefs,  as  one  week  of  warm  and  friendly  weather 
would  give  it.  Nay,  if  I am  rightly  inform’d,  the  way  to  keep  wine  in 
the  ftate  of  muft,  is  to  take  the  juice  of  grapes  newly  prefled,  tun  it  up 
before  it  begins  to  work,  and  let  down  the  veflel,  very  carefully  clofed,  to 
the  bottom  of  fome  deep  well  or  river,  for  fix  or  eight  weeks  ; during 
which  time,  the  liquor  will  be  fo  well  fettled,  in  its  accuftomed  confti- 
tution,  that  it  may  afterwards  be  kept  in  almoft  the  fame  ftate,  and 
for  feveral  months  continue  its  fweetnefs. 

3.  Tho’  the  fchools  define  cold  by  the  property  they  fuppofe  it  has 
to  unite  heterogeneous  and  homogeneous  fubftances  ; I attempted  to 
make  fome  feparations  in  bodies  by  the  force  of  it.  For  if  it  holds 
true  in  this  climate,  which  has  been  obferved  in  more  northern  re- 
gions, that  a very  ftrong  fpirit  and  a phlegm  are  obtainable  from  beer 
and  wine  by  congelation,  it  feems  probable,  that  in  feveral  other  li- 
quors, the  waterifh  part  will  begin  to  freeze  before  the  more  fpirituous 
and  faline  ones  \ and  if  fo,  we  may  be  aflifted  to  make  fome  fepara- 
tions as  well  by  cold  as  by  heat,  and  redtify  fome  liquors  by  congela- 
tion, as  well  as  by  diftillation  : but  I doubt  whether  the  ordinary  frofts 
of  this  country  afford  a degree  of  cold,  capable  of  making  fuch  divi- 
fions  and  feparations  in  bodies  as  have  been  obferved  in  the  more  nor- 
thern climates.  However,  having  purpofely  hung  out  a glafs-bottle  of 
beer,  in  an  extraordinary  fharp  night,  I found,  the  next  morning,  that 
the  greateft  part  of  the  liquor  was  turned  into  ice,  while  there  re- 
mained at  the  bottom  an  uncongealed  part,  which  to  me,  and  others, 
feemed  ftronger  than  the  beer,  and  was,  at  leaft,  manifeftly  ftronger 
than  the  thaw’d  ice,  which  yielded  a fpiritlefs  liquor.  But  in  fome 
other  trials  my  fuccefs  was  not  fo  confiderable.  For  having  put  one 
part  of  highly  redlified  fpirit  of  wine,  and  about  five  or  fix  parts  of 
common  water,  in  a round  glafs  plac’d  in  ice  and  fait ; tho’  the  mixture 
was  in  gieat  part  turned  into  ice  ^ yet  I could  not  perceive  that  the  two 
liquors  were  accurately  feparated  from  one  another  ; tho’  the  fpirit  of 
wine  employed,  was  before-hand  deeply  tinged  with  cochineal  ; and 
therefore  I the  lefs  wonder,  that  in  claret,  I could  not  make  any 
exadt  feparation  of  the  red  and  the  colourlefs  parts.  But,  I remember, 
fpirit  of  vinegar,  being  expofed  to  the  cold  in  a large  glafs  veflel,  a 
confiderable  part  was  turned  into  ice  ; which,  by  fwimming,  fhew’d  it 
felf  to  be  lighter  than  the  fluid.  The  froft  once  feemed  to  have  pro- 
moted a feparation  of  cream  ; and  another  time,  there  feemed  to  be  a 
different  feparation  made  in  the  parts  of  milk,  by  congelation  \ yet  for 
want  of  leifure  to  profecute  fuch  trials,  they  proved  unfatisfadlory ; as 
did  alfo  fome  attempts  of  the  like  nature,  made  upon  blood  by  freezing 


680  Experiments  and  Ohfervations  upon  Cold . 

Physics,  it.  But  notwithftanding  thefe  difcouragements,  I refolved  to  try  what  I 

^ could  do  by  this  means  upon  brine,  in  order  to  free  it  from  its  phlegm, 
which  might  prove  an  advantageous  experiment.  For  ’tis  efteemed  ^one 
of  the  belt  methods  to  fave  the  charge  of  fewel  in  making  fair,  to  run 
their  water  thro’  large  bundles  of  brufh-wood,  that  being  thereby  fpread 
into  a great  furface,  fome  of  the  pure  aqueous  parts  may  exhale  away. 
Dilfolving,  therefore,  one  part  of  common  fait  in  forty-four  times  its 
weight  of  common  water,  that  it  might  be  reduc’d  to  the  degree  of  falt- 
nefs,  that  has  been  by  feveral  writers  obferv’d  in  the  water  of  our  neigh- 
bouring feas  •,  and  having  likewife  caus’d  another  much  ftronger  brine  to 
be  made,  to  bring  it  near  that  of  many  of  our  falt-fprings ; we  expos’d 
thefe  folutions  to  the  congealing  cold  of  the  air  in  frofty  weather,  when 
the  latter,  being  too  ftrongly  impregnated  with  the  fait,  continued  fome 
days  and  nights  wholly  uncongeal’d ; but  the  weaker  foiution  being  ex- 
pos’d in  a fhallow  and  wide-mouth’d  veffel,  the  large  fuperficies  conti- 
guous to  the  air,  afforded  us  a cake  of  ice,  which  being  taken  off,  and 
the  reft  of  the  liquor  expos’d  again  to  the  air  in  the  fame  veffel,  we  ob- 
tain’d a fecond  cake  ; and  taking  the  remainder,  which  feem’d  to  be  in- 
difpos’d  to  congeal  farther,  we  found,  by  comparing  it  with  what  was 
afforded  by  the  firft  cake  of  the  ice  permitted  to  thaw,  a manifeft 
difference  j this  fcarce  tailing  fo  much  as  brackifh,  whilft  the  liquor 
that  continued  uncongeal’d  was  confiderably  fait.  And  by  examining 
thefe  two  liquors  hydroftatically,  the  difference  between  them  alfo  ap- 
pear’d confiderable ; but  this  not  being  done  with  accuracy,  I cou’d 
make  no  eftimate  of  the  advantage,  that  might  arife  from  the 
operation  of  cold,  towards  freeing  the  brine  from  its  fuperfluous 
moifture.  I had  not  here  a fufficient  quantity  of  ice  to  fatisfy  me, 
whether  its  little  brackifhnefs  proceed  from  fome  faline  corpufcles, 
that  concurr’d  to  conftitute  the  ice  itfelf,  or  only  adhered  to  the 
lower  part  of  it,  among  other  particles  of  the  liquor  that  remain’d 
uncongeal’d.  ’Twere  not  perhaps  am ifs  to  try,  whether,  in  very  large 
veffels,  this  experiment,  promoted  by  fome  expedients  that  practice  will 
fuggeft,  may  not,  in  fome  feafons  and  places,  be  turn’d  to  advan- 
tage. 

4.  I took  feveral  vegetable  fubftances,  of  different  kinds,  as  tur- 
neps,  carrots,  beets,  apples,  and  tender  wood,  frefh  cut  from  growing 
trees  *,  as  alfo  many  animal  fubftances,  mufculous  flefti,  livers,  brains, 
eyes,  tongues,  &c.  and  expos’d  them  to  a very  fharp  cold,  that  they 
might  be  thoroughly  frozen.  One  of  the  chief  things  I propos’d  to 
myfelf  in  this  attempt  was,  to  try  how  far  I cou’d,  by  congelation,  dif- 
cover  the  texture  of  animals  and  plants  unregarded  by  anatomifts ; 
and  which  cou’d  fcarce  otherwife  be  render’d  vifible.  And  according- 
ly, I found  that  in  many  fucculent  bodies,  both  vegetable  and  animal, 
the  fap  or  juice  that  was  fo  difpers’d  among  the  other  parts,  and  di- 
vided 
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. vided  into  fuch  minute  portions,  as  not  to  be  manifeftly  diftinguilh’d, Ph  ysics. 
might,  by  congelation,  be  both  difcern’d  and  feparated  from  the  reft.  J 

For  in  feveral  plants,  I obferv’d  the  alimerrtal  juice  to  be  congeal’d 
into  vaft  multitudes  of  diftinct  corpufcles  of  ice,  fome  of  which,  when 
the  bodies  were  tranfverdy  cut,  and  left  a while  in  the  open  air,  might 
be  fcrap’d  off  from  the  fuperficies  of  the  body,  whereon  it  wou’d  af- 
ter a while  appear  in  the  form  of  an  efflorefcence,  almoft  like  meal : 
but  in  others,  1 took  a better  courfe  *,  for,  by  warily  comprefling  the 
Frozen  bodies,  I cou’d  prefently  make  the  icy  corpufcles  (tart  in  vaft 
numbers  out  of  their  little  pores  *,  and  tho’  fome  of  thefe  were  fo  mi- 
nute as  to  require  an  ordinary  magnifying-glafs,  yet  in  other  bodies,  and 
efpecially  in  carrots  and  beets,  the  icy  corpufcles  were  big  enough  to 
be  diftin&ly  and  feparately  view’d  ; fo  that  I rightly  conjectur’d  both 
the  figures  and  fizes  of  thefe  little  pieces  of  ice,  might  be  guefs’d  at  by 
the  fhape  and  magnitude  of  the  pores  left  in  the  more  liable  part,  or 
parenchyma  of  the  root.  But  in  making  an  eftimate  of  thefe  cavi- 
ties, as  well  as  in  difcovering  the  order  wherein  they  are  ranged,  1 
found  it  ufeful  to  cut  the  frozen  roots  fometimes  lengthwife,  and 
fometimes  a-crofs.  For  by  that  means  there  wou’d  appear  in  large 
carrots,  for  example,  a great  dilparity  in  the  order  of  the  pores, 
which,  when  the  root  was  divided  by  a plain  parallel  to  the  ba- 
fis,  feem’d  plac’d  in  almoft  (freight  lines,  tending  from  the  centre 
to  the  circumference  *,  but  if  it  were  flit  from  one  end  to  the  other, 
the  icy  corpufcles  and  pores  wou’d  feem  rang’d  in  a very  different 
order. 

I muft  not  here  omit,  that  as  I many  years  fince  made  an  experi- 
ment of  freezing  the  eyes  of  oxen,  and  other  animals,  whereby  the 
foft  and  fluid  humours  of  that  admirable  organ  may  be  fo  harden’d,  as 
to  become  tradlable  to  the  meaner  anatomifts;  fo  on  this  occafion  I 
apply’d  that  experiment  to  the  brains  of  animals,  which  tho’  too  foft 
to  be  eafily  diffeCted,  may  by  congelation  be  made  every  way  manageable. 

In  differing  the  brain  thus  harden’d,  it  fometimes  feem’d  that  the  knife 
cut  thro’  multitudes  of  icy  corpufcles  *,  the  fu'oftance  of  it  appear’d  alfo 
to  the  eye  to  be  (luff’d  with  them,  and  the  ventricles  to  harbour 
pieces  of  ice,  and  were  perhaps  fill’d  up  with  them.  And  methinks 
the  manifeft  difference  of  texture  that  there  is,  between  the  white  and 
yolk  of  a thoroughly  frozen  egg ; betwixt  the  cryftalline,  aqueous  and 
the  vitreous  humours  of  the  eye,  wherein  by  congelation  the  cryftalline 
alone  lofes  its  tranfparency,  but  acquires  no  confpicuous  ice,  whilft  the 
other  are  full  of  diaphanous  ice  j with  the  like  difparides,  may  afford 
improvable  hints  to  lagacious  anatomifts. 

We  formerly  obferv’d,  that  congelation  commonly  fpoils  or  impairs 
eggs,  apples,  ftefh,  &c.  let  us  fee  now  in  what  cafes  we  may  give  a 
mechanical  account  of  this  phenomenon.  Tho’  the  immerfion  o(  fro- 
Vol.  I,  S s s s zen 
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Physics,  zen  bodies  in  cold  water  be  allow’d  to  recover  them  with  lefs  preju- 
Vm*> — dice,  than  if  they  were  haftily  thaw’d  by  the  fire,  or  fpontaneoufly 
in  the  air } yet  there  have  been  complaints  made,  that  notwithftand- 
ing  this  expedient,  feveral  bodies  are  much  the  worfe  for  being  once 
frozen  thoroughly.  Since  then  I have  fhewn,  that  in  many  folid  bo- 
dies the  alimental  juice  is  by  congelation  turn’d  into  ice,  and  have  evinc’d 
that  water,  and  aqueous  liquors,  are  expanded  by  congelation  *,  I fee 
not  why  the  innumerable  icy  corpufcles,  into  which  the  alimental  juice 
is  turn’d  by  the  froft,  being  each  of  them  expanded  proportionably  to 
their  refpe&dve  magnitudes,  may  not  only  prejudice  the  whole,  by  ha- 
ving their  own  conllitution  impair’d,  as  has  been  formerly  obferv’d  in 
alicant  and  other  vinous  liquors  •,  but  alfo  upon  their  expanfion  crufh 
in  fome  places,  and  diftend  in  others,  the  more  ftable  parts,  in  whofe 
cavities  they  were  harbour’d,  and  thereby  fo  vitiate  their  texture,  as 
to  impair  lome  of  their  qualities,  and  difpofe  the  compofition  to  cor- 
ruption. 

How  greatly  contufion  may  prejudice  tender  bodies,  and  accelerate  pu- 
trefadtion,  is  evident  in  many  fruits,  efpecially  the  more  tender  ones, 
which  having  been  bruis’d,  quickly  begin  to  rot  in  the  injured  parts  * 
and  ’tis  agreeable  to  what  has  been  formerly  fhewn,  that  in  congelation 
there  happens  innumerable  little  contufions  made  by  the  fluid  parts,  har- 
den’d and  expanded  by  the  froft,  of  more  ftable  ones,  every  where  in- 
tercepted between  them ; and  tho’  thefe  icy  corpufcles  be  fmall,  yet  the 
ftdes  of  the  firm  matter  that  feparate  them,  and  which  they  endeavour  to 
ftretch  or  crufh,  are  often  proportionably  thin.  And  we  have  feen  not 
only  that  eggs  will  burft  by  having  their  alimental  juice  frozen,  but  that 
both  fhingles  and  ftones  may  have  their  texture  fpoil’d,  by  the  congela- 
tion of  the  mineral  fap,  that  is,  in  exceeding  minute  and  inlenfible  par- 
ticles, difpers’d  thro’  them.  And  the  violation  of  the  texture  of  plants, 
herbs  and  animals,  by  the  expanfion  of  the  aqueous  and  juicy  particles, 
which  abound  there,  will  feem  lefs  furprizing,  if  it  be  remember’d,  that 
a few  ounces  of  water  congeal’d,  will  burft  thro’  glafs,  pewter,  brafs,  or 
iron. 

Whilft  I was  upon  thefe  trials,  I had  alfo  a defire  to  know,  whether 
by  freezing  animals  to  death,  any  fuch  change  in  the  qualities  or  ftruc- 
ture  of  their  parts  cou’d  be  difcover’d,  as  might  lead  us  to  the  mean-S 
whereby  exceffive  cold  kills  men  in  northern  countries.  I expos’d  a 
young  rabbet  all  night  to  a very  vehement  froft,  without  finding  any 
other  damage,  than  one  of  his  legs  fwell’d  and  grown  ft  iff.  But  in 
a rabbet  purpofely  ftrangled,  and  prefentiy  expos’d  intire  to  a fevere  de- 
gree of  cold,  we  found  ice  produc’d  in  fuch  parts  as  wou’d  have  caus’d 
us  to  profecute  the  experiments,  had  not  the  want  of  fuch  animals  hin- 
der’d us. 

It  is  affirm’d  by  fome  eminent  modern  writers,  that  water  impreg- 
nated with  the  faline  parts  of  a plant,  and  afterwards  frozen  a will  ex- 
hibit 
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hibit  in  the  ice  the  fhape  of  that  plant.  Nay,  the  learned  GaffarelVw 
tells  us,  that  this  is  no  rarity,  being  daily  fhewn  by  one  M.  de  la  Clave. 
We  therefore  lately  try’d  what  coil’d  be  done  with  decoctions,  that 
were  richly  imbued  and  highly  ting’d  with  the  fpirituous  parts  of  the 
vegetables  ; but  the  ice  was  by  no  means  fo  figured  as  the  tradition 
promifes  : and  I remember,  that  having  made  a lixivium  with  fixteen 
parts  of  water,  and  one  of  the  fait  of  pot-afhes,  and  expos’d  ir  in  a 
thin  glafs-vial  to  an  exceeding  cold  air,  we  found  much  ice  produc’d 
thereby,  that  lay  on  the  top  in  little  flicks,  not  unlike  thofe  pril- 
matical  bodies  into  which  filt  petre  fhoots  *,  and  the  parts  of  this  ice 
that  were  beneath  the  water  fhot  into  thin  parallel  plates,  exceeding 
numerous,  but  nothing  refembling  trees,  by  the  incineration  whereof 
Polonian  pot-afhes  are  made. 

Bartholine , indeed,  fays,  that  the  water  wherein  cabbage  has  been, 
boiled,  will,  when  frozen,  reprefent  a cabbage  *,  the  vegetable  fpirits 
being,  as  he  fuppofes,  concentrated  by  the  cold.  How  well  this  expe 
riment  may  fucceed  when  made  in  a cold  country  I know  not  *,  but  hi- 
tring a flrong  decodtion  of  cabbage  thro’  cap-paper,  we  froze  it  in 
a thin  glafswial  by  means  of  fnow  and  fait  •,  the  ice  did  not  either 
appear  to  have  any  thing  in  it  like  a cabbage,  or  remarkably  diffe- 
rent from  other  ice.  And  we  afterwards  expos’d  a decodlion  of  the 
lame,  to  be  congeal’d  by  the  nodturnal  air  *,  but  neither  this  way  did 
the  experiment  fucceed.  And  tho*  once  a few  ounces  of  the  decodlion 
being  lightly  frozen  in  a vial,  there  appear’d  in  the  thin  ice  that  ad- 
her’d to  the  infide  of  the  glafs,  a figure  not  very  unlike  that  of  a 
cabbage- leaf *,  (and  perhaps  fome  fuch  accident  may  have  - invited  our 
learned  author  to  think,  that  the  reprefentations  of  cabbages  wou’d 
conflantly  appear  in  their  frozen  decodtions  •, ) yet  this  configuration 
feem’d  only  cafual  *,  for  by  freezing  the  decodlions  of  feveral  herbs, 
fome  of  them  fpirituous  enough,  as  rofemary,  penny-royal,  iff c.  the  ice 
I obtain’d  from  them,  gave  me  no  convidtion  of  the  truth  of  the  tra- 
dition we  are  examining.  On  the  contrary,  I have,  more  than  once, 
by  freezing  fair  water  after  a certain  manner,  obtain’d  ice,  that  feem’d 
much  more  to  refemble  vegetables,  than  any  decodtions  of  them  that 
I ever  try’d.  And  particularly,  I fometimes  found,  that  by  putting 
hot  water  into  a (lender  glafs  cylinder,  and  agitating  it  in  our  frigorific 
mixture,  fo  that  it  was  very  fpeedily  frozen  thereby,  it  was  congealed 
into  an  ice  much  more  regularly  and  prettily  figured  than  I have  feen 
from  the  waters  impregnated  with  the  fixed  fait  of  plants,  or  even  of 
nettles  *,  tho’  that  is  fo  much  boafled  of.  In  fhort,  a luxuriant  fancy  may 
produce  apparitions  in  ice,  v/hich  a more  judicious  obferver  cannot  fee. 
That  a vafl  variety  of  figures  are  produced  by  congelation,  no  body  de- 
njps  *,  the.  fame,  alfo,  happens,  in  chymical  preparations,  and  they  will 
fometimes  appear  regular  j but  Jtis  plain,  their  generation  is  purely  ca- 
fual. 
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’Tis  remarkable,  that  while  the  cold  has  ftrange  and  tragical  effects 
at  Mofcow , and  elfewhere,  the  Ruffians  and  Livonians  (hould  be  ex- 
empt from  them,  who  accuftom  themfelves  to  pafs  immediately  from  a 
great  degree  of  heat,  to  as  great  an  one  of  cold,  without  receiving  any 
vifible  prejudice  thereby.  I remember,  being  told  by  a perfon  of  unquef- 
tionable  credit,  that  it  was  a common  practice  among  them,  to  go  from  a 
hot  ftove  into  cold  water  ; the  fame  was,  alfo,  affirmed  to  me,  by  ano- 
ther who  refided  at  Mofcow  : this  tradition  is  likewife  abundantly  con- 
firmed by  Olearius . 44  ’Tis  a furprizing  thing,”  fays  he,  44  to  fee  how  far 
44  the  Ruffians  cm  endure  heat  ; and  how,  when  it  makes  them  ready  to 
44  faint,  they  go  Gut  of  their  (loves,  (lark  naked,  both  men  and  women,  and 
44  throw  themfelves  into  cold  water ; and  even  in  winter  wallow  in  the  fnow.” 

I had  feveral  years  fmce  the  curiofity  to  try,  whether  there  were  any 
truth  in  the  tradition,  that  the  rays  of  the  moon  are  cold •,  but  notwith- 
ftanding  all  my  care  to  make  trials  in  clear  weather,  when  the  moon  was 
about  the  full,  and  with  the  affiftance  of  a thermometer,  I could  not 
perceive,  by  any  concentration  thereof  even  upon  a black  object,  that 
her  light  produced  any  fenfible  degree  either  of  heat  or  cold  : but,  per- 
haps, others  with  very  large  glafles  may  be  more  fuccefsful.  I cannot, 
however,  help  fufpedting,  that  the  learned  phyfician  Santtorius , miftook 
in  averting  the  light  of  the  moon  to  be  confiderably  hot,  when  thrown 
thro*  a burning-glafs  upon  the  ball  of  a common  weather-glafs  * whereby, 
he  fays,  the  water  was  confiderably  deprefied,  as  appeared  to  many  of  his 
difciples,  in  a circle  of  whom  the  obfervation  was  made.  For  my 
glafs  was  much  better  than  his  feems  to  have  been  ; and  my  trials 
were,  perhaps,  as  carefully  and  impartially  made  as  his.  But,  probably, 
his  fcholars,  whilft  they  flood  round  his  thermometer,  and  (looped  to 
fee,  by  fo  dim  a light,  the  event  of  the  experiment  *,  the  unheeded  warmth 
of  their  breath  and  bodies  might,  unawares  to  Sanftorius , affeCt  the  air 
included  in  the  weather-glafs,  and  caufe  that  depreffion  of  the  water, 
which  he  afcribed  to  the  moon’s  heat. 

We  took  a fealed  weather-glafs,  about  ten  inches  long,  furniffied  with 
fpirit  of  wine  j and  having  caufed  a hole  to  be  made  in  the  cover  of  a 
box,  juft  wide  enough  for  the  fmaller  end  of  the  glafs  to  be  thruft 
in  at,  we  inverted  the  thermometer  into  it,  fo  that  the  ball  refted  upon 
the  cover,  and  the  point  tended  direCtly  downward  ; then  we  placed 
about  the  ball,  a little  ice  and  fait,  and  thereupon  obferved  the  tin- 
ged fpirit,  in  a very  few  minutes,  to  afcend  above  an  inch  higher  than  its 
former  ftation  •,  and  it  would,  perhaps,  have  rifen  farther,  if  the  applica- 
tion of  the  frigorific  mixture  had  been  continued  : by  which,  and  ano- 
ther fucceeding  experiment,  made  to  the  fame  purpofe,  it  feems  the 
condenfation  of  liquors  by  cold,  is  not  always  effected  by  their  pro- 
per gravity  only,  which  may  ufually  fuffice  to  make  the  parts  fall  clofer 
together  : but  whether  in  our  cafe,  the  contraction  be  afilfted  by  fome 
little  tenacity  in  the  liquor,  or  by  the  fpring  of  fome  little  aerial  or  other 

fpirituous 
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fpirituous  and  elaftic  particles,  from  which  the  inflrument  was  not  per- Physics. 
fe<5tly  freed  when  fealed  up,  or  which  happened  to  be  generated  within  it 
afterwards,  remains  to  be  enquired  into. 

There  is  a famous  tradition  in  Mufcovy , and  fome  other  cold  countries, 
that  ’tis  ufual,  out  of  ponds  and  rivers,  to  take  great  numbers  of  be- 
numb’d fwallows,  inclofed  in  pieces  of  ice  \ upon  thawing  whereof,  in  a 
warm  room,  the  birds  come  to  themfelves,  and  fly  about  amazedly  for 
a while,  but  not  long  furvive  fo  great  and  fudden  a change.  This  phe- 
nomenon I have  been  allured,  by  a perfon  of  honour,  who  was  com- 
manded by  a great  prince  to  inquire  into  the  truth  of  it,  was  affirmed  to 
him  as  certain  by  the  moft  eminent  and  fober  perfons  he  could  meet  with. 

And  an  intelligent  perfon  of  quality  in  Poland  acquainted  me,  that  in  the 
parts  where  he  liv’d,  it  was  a very  general  and  unqueftion’d  opinion,  that 
fuch  birds  often  hid  themfelves,  all  the  winter,  under  water,  in  ponds, 
lakes,  and  fedgy  places,  and  that  the  fifher-men  draw  them  up  in  the 
manner  already  mentioned.  But  as  for  their  being  taken  up  in  ice,  he 
told  me,  he  had  not  heard  of  it ; tho*  I fee  not  why,  in  cafe  they  com- 
mit themfelves  to  fhallow  waters,  as  thofe  of  ponds  and  fedgy  places  of- 
ten are,  a fharp  lading  froft  may  not,  fometimes,  reach  them.  And, 
therefore,  what  left  me  the  greateft  fcruple  about  this  tradition,  was,  that 
this  curious  gentleman  could  not  affirm,  he  had  ever  feen  any  example  of 
the  thing  he  related. 

It  is  a tradition  handed  down  and  received  from  Ariftotle , that  hot  wa- 
ter will  fooner  freeze  than  cold.  But  I could  never  find  any  truth  in  the 
aflfertion. 

We  took  three  porringers  near  of  the  fame  fize,  and  filled  one  with 
cold  water,  another  with  water  that  had  been  boiled,  but  w'as  now  mo- 
derately cool,  and  a third  with  hot  water,  and  cxpofed  the  three  to- 
gether in  the  fame  place,  to  the  freezing  air,  at  half  an  hour  after  eight 
a clock,  and  found  the  porringer  of  cold  water  began  to  freeze  at  l 
after  ten.  That  which  contained  the  water  that  had  been  heated  and 
cooled  again,  began  to  freeze  at  | pafl  ten  ; and  that  which  contained 
th£  hot  water,  at  half  an  hour  after  eleven  •,  fo  that  all  froze  within  the 
compafs  of  two  hours  : yet  the  cold  water  began  to  freeze  an  hour  and 
a quarter  fooner  than  the  hot.  Thefe  were  earthen  porringers,  but  I 
alfo  made  the  experiment  in  others  of  metal ; and  then,  too,  the  cold 
water  began  to  freeze,  both  before  that  which  had  been  heated,  and 
cooled  again,  and  long  before  the  hot.  Another  time  I meafured  the 
water  out  by  fpoonfuls,  into  porringers,  that  the  quantities  of  water 
might  not  be  confiderably  unequal  •,  and  then,  alfo,  the  cold  water  froze  a 
conflderable  while  before  the  hot.  Upon  repeating  the  experiment  with 
greater  caution,  the  cold  water  being  put  out  with  the  refiat  Rafter  fix, 
it  began  to  freeze  before  { an  hour  after  feven.  The  water  heated  and  cooled 
again  began  to  freeze  at  * after  feven ; and  thefe  having  flood  for  a pretty 
while  by  me,  I fent  for  the  hot  water,  and  found  it  not  to  be  in  the 

leaf!: 
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Physics,  lead  frozen  at  half  a quarter  after  eight.  So  that  fuppofing  it  to  continue 

half  a quarter  of  an  hour  longer,  before  the  beginning  of  its  congelation, 

as  it  after  ward  did  at  the  lead,  it  was  twice  as  long,  e’er  it  began  to 
freeze,  as  the  cold  water  had  been.  By  which  we  fee  how  well  their  la- 
bour was  beftowed  .who  have  puzzled  themleives  and  others  to  afilgn  the 
reafon  of  a phenomenon  that  might  eafily  have  been  found  upon  trial  to 
be  chy  metical, 

I have  been  the  more  circumftan.tial  in  thefe  trials,  that  I might  exprefs 
a civility  to  Ariftoile  \ and  becaufe  artificial  congelations  are  not  fo  proper 
for  this  purpofe.  For  having  formerly  taken  two  pipes  of  glafs  made  on 
the  fame  cylinder,  that  they  might  be  of  an  equal  bore,  lealed  each  of 
them  at  one  end,  filled  them  to  the  fame  height,  and  then  ftirred  them 
together  in  a mixture  of  beaten  ice,  water,  and  fait,  I found  both  parcels 
of  water  to  freeze  too  fuddenly,  to  fhew  a notable  difparity  in  the  time 
they  remain’d  uncongealed.  Having  made  the  fame  experiment  with  (len- 
der glafs  pipes,  and  for  greater  caution,  put  the  hot  water  firft  into  one 
glafs,  then  into  the  other,  we  once  found  that  the  hot  water  froze  firft ; 
which  wondering  at,  we  examined  the  glafles,  and  perceiving  one  of  them 
to  be  more  conical  where  it  had  been  fealed  than  the  other,  it  appeared 
that  the  water  in  this  part,  being  fuddenly  frozen  by  reafon  of  the  flender- 
nefs  of  the  glafs,  there  accelerated  the  congelation  of  the  reft. 

’Tis  faid,  indeed,  by  a commentator  upon  Ariftotle , that  his  experi- 
ment will  fucceed,  if  by  heated  water  we  underftand  water  that  has  been 
heated  and  fuffered  to  cool  again,  ’till  it  be  reduced  to  the  temper  of 
other  cold  water  *,  for  this  refrigerated  water,  he  fays,  he  has  found  to  con- 
geal much  fooner  than  the  other  fort.  But  this,  I confefs,  I am  very  un- 
apt to  believe.  For  having  often  caufed  cold  water  to  be  expofed  to  the 
air  in  frofty  weather,  together  with  fome  which  had  been  heated  and 
cooled  again,  the  events  did  not  anfwer  this  aflertion  ; tho’  due  regard 
was  had  to  the  moft  confiderable  circumftances  in  fuch  an  experiment. 
But  for  farther  fatisfaduon,  we  took  two  porringers  of  the  fame  fize  and 
lhape,  one  of  which,  we  almoft  filled  with  common  cold  water,  and  the 
other  with  an  equal  quantity  of  fuch  as  had  been  heated  and  cooled  agaifi ; 
this  done,  I appointed  one  to  examine  the  tempers  of  thele  waters  with  an 
exad  weather-glafs ; and  being  both  reduced  to  the  fame  temper,  they 
were  expofed  to  a very  (harp  air,  and  watched  by  the  fame  perfon,  who 
finding  them  to  begin  to  freeze,  as  it  were  at  the  very  fame  inftant, 
brought  the  two  porringers  to  me?  in  each  of  which,  I faw  the  bare  be- 
ginning of  congelation  in  the  upper  furface  of  the  waters,  where  they  were 
contiguous  to  the  containing  veftels. 

It  is  a current,  and  almoft  univerfal  tradition,  that  when  ponds  or 
rivers  are  frozen  over,  unlefs  the  ice  be  leafonably.  broke  in  feveral  places, 
the  fifti  contain’d  therein  will  die  for  want  of  air  ; but  whether  this 
be  well  grounded,  I dare  not  determine  till  farther  trial  has  been  made : 
for  that  ftfh  cannot  live  without  any  more  air  than  they  find  interfperfed 
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in  the  water  where  they  fwim,  has  not,  that  I know  of,  been  fufficiently  pH 
prov’d  •,  and,  poflibly,  there  may  be  other  reafons  aflign’d  of  the  death  of  u— 
the  filh  in  ponds  frozen  by  very  fharp  frofts.  For  who  knows  what  the 
locking  up  of  fome  kinds  of  fubterraneal  (teams,  that  freely  afcend  thro* 
fluid  water,  may  do  towards  vitiating  and  infecting  it  ? Perhaps,  alfo,  the 
excrementious  (teams  that  infen fibly  iflue  out  of  the  bodies  of  the  fi(h,  may, 
by  being  pent  up,  contribute,  in  fome  cafes,  to  render  the  water  noxious. 

For  being  defirous  to  learn,  from  a perfon  curious  in  preferving  and  tranf- 
porting  fifh,  whether  fome  fifh  would  not  quickly  langui(h,  grow  fick  and 
die,  if  the  water  they  fwam  in,  were  not  often  fhifted  *,  he  allured  me, 
fome  kinds  of  them  would  : and  it  has  not  yet,  that  I have  heard  of,  been 
tried,  whether,  tho’  ponds  feldom  freeze  to  the  bottom,  yet  the  water 
that  remains  under  the  ice,  may  not,  even  whilft  it  continues  uncon- 
gealed, admit  a degree  of  cold,  that  tho*  not  great  enough  to  turn  water 
into  ice,  may  yet  deftroy  filh  within  lefs  time  than  the  furface  of  a pond 
often  continues  frozen. 

To  try  whether  ice,  by  denying  accefs  to  the  air,  would  deftroy 
filh,  I procured  a glafs  veflfel  with  a large  belly,  and  a long  (lender  neck  ; 
and  having  filled  it  with  water,  and  fome  live  gudgeons,  we  pafs’d  the 
neck  of  it  thro’  a hole  that  was  made  in  the  midft  of  a metalline  plate  ; 
which  ferved  alfo  to  fupport  a mixture  of  ice  and  fait,  applied  round 
about  the  extant  parts  of  the  glafs.  By  this  contrivance,  I propofed  to 
myfelf  a double  advantage  j firft,  that  as  in  broad  veflels,  one  can- 
not, eafily,  be  certain  that  the  furface  of  the  water  is  quite  frozen 
over  in  every  part,  I could  thus  fatisfy  my  felf  of  that,  by  inverting 
the  glafs,  and  obferving  that  the  ice  had  fo  exactly  choaked  up  the 
neck,  that  not  a drop  of  water  could  get  out,  nor  any  bubble  of  air 
get  in,  and  yet  the  filh  have  liberty  to  play  in  the  fubjacent  waters.  Se- 
condly, the  frigorific  mixture,  being  here  applied  to  the  neck,  none  of  the 
water  was  congealed,  or  extremely  refrigerated,  but  that  which  lay  in  the 
neck  ; fo  that  there  feemed  no  caufe  to  fufpeft,  that  if  the  fifh  fhould  die 
in  the  water,  it  was  rather  cold  than  want  of  air  that  killed  them.  But 
having  not  profecuted  thefe  trials,  to  the  utmoft,  I (hall  lay  no  great 
ftrefs  upon  them  ; yet  I remember  that  the  included  fi(h,  at  this  time, 
continued  long  enough  alive,  to  make  me  ftrongly  fufped:  the  truth  of 
the  vu’gar  opinion. 

1 afterwards  caufed  fome  of  the  fame  kind  of  fi(h  to  be  put  into  a broad 
and  flat  earthen  veflfeJ,  with  but  little  more  water  than  fufficed  to  cover 
them  •,  and  having  expofed  them  all  night  to  a very  intenfe  degree  of 
cold,  I found  them  the  next  morning  alive,  and  ieeming  not  to  have 
been  much  prejudiced,  either  by  the  cold,  or  exclufion  of  air.  ’Tis 
true,  there  was  a very  large  moveable  bubble  under  the  ice,  that  feemed 
to  have  been  generated  by  the  air,  or  fome  analogous  fubftance,  emit- 
ted out  of  the  gills,  or  bodies  of  the  fifh ; for  the  furface  of  the  wa- 
ter was  exa&ly  frozen  over.  And  th^t  this  bubble  might  poflibly 

proceed 


Experiments  and  Obfervations  upon  Cold. 

proceed  from  the  fifh  themfelves  •,  I the  rather  fufped,  becaufe,  having, 
at  different  feafons  of  the  year,  kept  feveral  forts  of  fifh,  for  many  days, 
in  glafs  veffels,  I have  often  feen  them  raife  their  mouths  above  the 
furface  of  the  water,  and  there  feem  to  gape  for  air,  and  afterwards  let 
go,  under  water,  out  of  their  mouths  and  gills,  feveral  bubbles,  which 
feem’d  to  be  portions  of  the  air  they  had  thus  taken  in.  And  particu- 
larly, in  lampries,  I have  with  pleafure  obferved,  that  being  taken  out 
of  the  water  into  the  air,  and  then  held  under  water  again,  they  very  ma- 
nifeitly  appeared  forcibly  to  fqueeze  out  of  thofe  feveral  little  holes 
which  are  commonly  miftaken  for  their  eyes,  numerous  bubbles  of  air. 
But  to  fatisfy  my  felf  further  what  degree  of  cold  and  want  of  air  thefe 
gudgeons  might  fupport,  I expoled  two  of  them  in  a bafon  of  water,  to 
an  exceeding  fliarp  night,  and  the  next  day  found  the  ice  frozen  in 
the  velfel,  to  a great  thicknels,  and  one  of  the  fifh  frozen  up  in  it* 
while  there  remain’d  only  a little  of  the  water  unfrozen,  wherein  the  other 
fifh  fwam  : and  the  ice  being  afterwards  partly  thaw’d  and  partly  broken, 
not  only  the  latter  was  found  very  lively,  but  the  other,  which  tho’ 
when  the  ice  was  broke,  it  lay  movelefs,  did,  in  a few  minutes,  fo  far 
recover,  as  to  drag  after  it  a large  piece  of  ice,  into  which  its  tail  re- 
mained inferted.  And  tho’  one  of  thefe,  and  fome  other  gudgeons  that 
had  been  already  weakened,  by  long  keeping,  were  once  more  expofed 
to  the  froft,  in  the  bafon,  and  differed  to  lye  there  till  they  were  frozen 
up  •,  yet  the  ice,  in  which  they  were  inclofed,  being  broken,  their  bo- 
dies were  grown  ftiff  and  crooked,  and  feemed  to  be  quite  dead,  for 
they  lay  upon  their  backs  in  the  water,  yet  one  of  them  quickly  reco- 
vered, and  the  other,  not  very  long  after,  began  to  manifefl:  figns  of  life  * 
tho’  he  could  not,  in  many  hours,  fo  far  recover,  as  to  fwim  upon  his 
belly.  ’Tis  true,  that  thefe  fifh  did  not  long  furvive  ; but  two  or  three 
probable  reafons  might  be  alTign’d  for  that ; and  particularly  the  ice  they 
had  been  frozen  up  in  had  wounded  them,  as  was  manifefl:  by  fome 
hurts  that  appeared  upon  their  bodies.  Some  other  gudgeons  were 
irrecoverably  frozen  to  death,  by  being  kept  inclofed  in  ice  for  three 
days.  I likewife  caufed  a couple  of  frogs  *,  to  be  artificially  frozen  in  a 
wide-mouth’d  glafs,  furnilhed  with  a convenient  quantity  of  water  •,  but 
tho’  they  feemed,  at  firft,  to  be  inclofed  in  ice,  yet  looking  nearer, 
I found  that  about  each  of  them  there  remained  a little  turbid  liquor 
unfrozen ; as  if  it  had  been  kept  fo  by  fome  expirations  from  their  bodies. 
Wherefore  caufing  them  to  be  carefully  frozen,  and  fora  confiderable  time, 
I found,  that  notwithftanding  the  ice,  into  which  mod  part  of  the  water 
was  reduced,  one  of  them,  before  the  ice  was  perfectly  broken,  appeared 
to  be  alive  •,  but  the  other  lay  movelefs,  ftiff,  and  with  the  belly  up- 
wards, in  a bafon  of  cold  water,  wherein  it  lay  call  *,  tho’  in  a very 
few  minutes,  he  began  to  fwim  about  therein.  Upon  the  whole,  tho* 
the  tradition  we  have  been  examining,  may,  perhaps,  have  fomething 
of  truth  in  it  •,  yet  it  feems  to  deferve  a farther  inquiry,  both  in  regard 
to  the  matter  of  fad,  and  to  the  caufe  of  the  effed. 
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That  fnow,  lying  long  on  the  ground,  greatly  conduces  to  the  fertili- Physics, 
zation  thereof,  is  a common  obfervation  of  our  hufbandmen  *,  and  Bartho- 
line , in  his  treatife  of  the  ufe  of  fnow,  brings  feveral  pafifages  out  of  au- 
thors to  make  it  good  ; to  which  I fhall  add  the  teftimony  of  Dr.  Fletcher , 
who  fpeaking  of  the  fruitfulnefs  of  the  foil  in  Ruffia  fays,  “ this  frefh  and 
“ fpeedy  growth  in  the  fpring,  feems  to  proceed  from  the  fnow  •,  which, 

“ during  the  winter,  being  fpread  over  all  the  country,  keeps  it  warm 
“ from  the  froft  *,  and  in  the  fpring,  throughly  drenches  and  foakes  the 
“ ground,  which  is  of  a fandy  nature.” 

I thought  it  might  give  fome  light  into  the  nature  of  cold,  to  try 
whether  two  liquors,  by  being  mixed  together,  and  lofing  their  fluidity, 
fo  far  as  to  obtain  the  confidence  of  an  unguent,  would  produce  any  fen- 
fible  degrees  of  that  quality . This  I attempted  by  immerfing,  for  a com- 
petent time,  the  ball  of  a tender  fealed  weather-glafs,  into  each  of  the  li- 
quors apart  •,  and  then  into  the  foft  mixture,  compofed  by  their  union. 

But  tho’  a ftrong  folution  of  minium,  or  calcined  lead  in  fpirit  of  vinegar, 
or  a very  ftrong  infufion  of  good  quick-lime  in  water,  will,  either  of  them, 
coagulate  a juft  proportion  of  good  fallet  oil  into  fuch  a confidence •,  yet 
for  want  of  a fealed  thermometer,  fufficiently  tender,  I cannot  now  re- 
peat the  experiment  •,  therefore  dare  not  draw  any  conclufion  from  it 
tho’  if  I remember  well,  upon  {hewing  one  of  thefe  mixtures  to  an  inge- 
nious perfon,  neither  he  nor  I could  perceive,  that  the  liquors,  by  being 
deprived  of  their  fluidity,  had  required  any  degree  of  coldnefs,  difeove- 
rable  by  a fealed  weather-glafs. 

XXV, 


It  has  long  been  fuppofed  agreeable  to  the  wifdom  of  nature,  that  cold  The  vulgar 
and  heat  fhould  both  of  them  be  endued  with  a felf- invigorating  power,  notlon  °fatl 
which  each  might  exert  when  furrounded  by  its  contrary  ; and  thereby  “^amined* 
prevent  their  mutual  deftrudion.  Thus  ’tis  fuppofed,  that  in  dimmer,  the 
cold  expelled  from  the  earth  and  water  by  the  fun’s  fcorching  beams, 
retires  to  the  middle  region  of  the  air,  and  there  defends  it  felf  againft  the 
heat  of  the  fuperior  and  inferior.  And  thus,  alfo,  in  dimmer,  when  the  air 
about  us  is  fultry  hot,  we  find,  that  cellars  and  vaults,  have  the  oppofite 
quality  •,  fo,  in  winter,  when  the  external  air  freezes  the  lakes  and  rivers, 
the  internal  air,  in  the  fame  vaults  and  cellars,  becomes  the  fanduary  of 
heat  : and  water,  frefh  drawn  out  of  the  deeper  wells  and  fprings, 
in  a cold  feafon,  not  only  feels  warm,  but  manifeftly  fmokes.  And 
having  purpofely  inquired  of  ingenious  men,  who  had  been  very 
deep  under  ground,  fome  in  coal-pits,  and  fome  in  mines,  one  of  them 
affirmed,  that  at  the  bottom  of  a groove,  he  found  it  very  hot  in  Sep- 
tember ; another,  that  he  often,  in  fuch  places,  found  it  hot  enough  to 
be  troublefome  in  winter ; and  a third,  who  is  a mafter  of  mines,  that 
he  found  them  hot  all  the  year  long.  And  to  manifeft,  that  fuch  ob- 
Yol.  I.  Tttt  fervations 
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Physics,  fervations  will  hold,  even  in  cold  regions,  Captain  James , giving  an  ac- 
count  of  Charlton  ifland,  fays  44  that  his  men  found  it  more  mortifying 
46  cold  to  wade  thro’  the  water  in  the  beginning  of  June , when  the  fea 
46  was  full  of  ice,  than  in  December , when  it  was  increafing.”  He  adds, 
44  that  from  their  well,  out  of  which  they  had  water  in  December , they 
44  had  none  in  July?  And  to  ftrengthen  the  obfervation  yet  further,  an 
ingenious  phyfician,  who  liv’d  fome  years  in,  and  about  Mofcow , told  me, 
he  has  there  feen  fome  fprings,  whofe  water  froze  not  at  all  near  the  fpring- 
head,  but  that,  at  a great  diftance  from  thence,  it  began  to  be  thinly  cas’d 
over  with  ice.  He  added,  that  his  own  well  was  about  fix  fathom  deep, 
from  the  furface  of  the  earth,  to  that  of  the  water  •,  that  the  water  in  it 
was  about  three  or  four  fathom  deep  ; that  this  well  froze  not  all  the  win- 
ter ; nor  the  well  of  his  neighbour,  which  was  but  one  fathom  deep  to  the 
fuperficies  of  the  water  ; and  that  when  a bucket  of  water  was  newly  drawn, 
it  would,  if  agitated,  fmoke  ; but  that  from  the  well  itfelf,  when  the  wa- 
ter in  it  was  left  quiet  and  undifturb’d,  he  did  not  perceive  any  fmoke  to 
rife. 

And  having  purpofely  inquired,  whether,  in  the  winter  he  found  it  as 
hot  in  cellars  at  Mofcow , as  it  ufually  is  in  that  feafon  in  ours  ; he  anfwered, 
that  when  the  doors  and  windows  were  carefully  fhut,  to  hinder  the 
immediate  commerce  betwixt  the  included  and  external  air,  he  often  found, 
if  he  ftay’d  long  in  his  cellar,  it  would  not  only  defend  him  from  the 
fharpnefs  of  the  Ruffian  cold,  in  winter,  but  keep  him  almoft  in  a fweat, 
tho’  he  laid  afide  his  furs.  So  that  if  we  may  rely  upon  the  teftimony  of  our 
fenfes,  ’tis  argued,  we  muft  neceffarily  admit  cellars  to  be  warmer  in  win- 
ter than  in  fu miner,  and  confequently  allow  an  Antiperiftajis. 

But  confidering  the  reafon  of  the  thing  abftradted  from  the  ex- 
periments that  are  pretended  to  prove  an  Antiperiftafis , it  feems  very  ra- 
tional to  rejedt  it.  For  in  the  firft  place,  according  to  the  courfe  of  na- 
ture, one  contrary  ought  to  deftroy,  not  to  ftrengthen  another.  And 
next,  ’tis  a maxim,  that  natural  caufes  always  adt  as  much  as  they  can. 
And  certainly,  as  to  our  cafe,  wherein  we  treat  hot  of  living  creatures,  I 
cannot  but  think  the  axiom  phyfically  demonftrative.  For  inanimate  a- 
gents  adt  not  by  choice,  but  by  a neceffary  impulfe  ; and  not  being  en- 
dow’d with  underftanding  and  will,  they  cannot,  of  themfelves,  be  able 
to  moderate  or  fufpend  their  adtions.  Nor  is  there  any  danger,  that 
cold  and  heat,  whofe  caufes  are  fo  rooted  in  nature,  fhould  be  loft 
in  the  world,  tho’  each  parcel  of  matter,  that  happens  to  be  fur- 
rounded  with  bodies,  wherein  a contrary  quality  reigns,  were  not  en- 
dowed with  an  incomprehenfible  faculty  of  felf-invigoration.  And  na- 
ture either  does  not  need  the  help  of  this  imaginary  power,  or  of- 
ten has  recourfe  to  it  to  very  little  purpofe  : fince  we  fee,  that  tho* 
thefe  qualities  fubfift  in  the  world,  yet,  in  fadt,  bottles  of  waiter, 
wine,  and  other  liquors,  carried  up  and  down  in  the  fummer,  are  re- 
gularly warmed  by  the  ambient  air.  And  in  Mufcovy , and  other 
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cold  northern  countries,  men,  and  other  animals,  have  often  their  vital  heat  Physics* 
deftroyed  by  the  cold  that  furrounds  them,  being  thereby  actually  frozen  to  "V*— * 

death.  And  I wonder,  that  the  followers  of  Ariftotle  fhould  not  take  no- 
tice of  that  famous  experiment,  whereby  he  pretends,  that  hot  water  will 
fooner  congeal  than  cold.  For  if  the  matter  of  fa£t  were  true,  it  would 
fufficiently  manifefl,  that  the  heat  harboured  in  the  water,  is  deflroyed,  not 
invigorated  by  the  coldnefs  of  the  air  that  furrounds  it.  And  tho*  it  is  true, 
that  white  furrounded  with  black,  or  black  with  white,  becomes  thereby 
the  more  confpicuous ; yet  *tis  acknowledged,  that  there  is  no  real  increafe, 
or  intenfion  of  either  quality,  but  only  a comparative  one  in  regard  to  our 
fenfes,  obtained  by  this  comparifon.  Nor  does  a pumice-ftone  grow  more 
dry  than  it  was  in  the  fire  or  earth,  by  being  transferred  into  the  air  or 
water*,  and- confequently  furrounded  with  either  of  thofe  two  fluids, 
which  the  fchools  teach  to  be  moifl  elements : neither  will  a piece  of 
dim  glafs  become  really  more  tranfparent,  tho’  one  fhould  fet  it  in  a 
frame  of  ebony.  ’Tis  commonly,  indeed,  alledged,  as  a proof  of  the 
power  nature  has  given  bodies  of  flying  their  contraries,  that  drops  of 
water,  falling  upon  a table,  will  colled;  into  little  globes,  to  avoid  the 
contrary  quality  in  the  table,  and  keep  themfelves  from  being  fwal- 
lowed  up  by  the  dry  wood : but  the  caufe  pretended,  has  no  inte- 
refl  in  the  effedl  *,  for  little  drops  of  water,  where  the  gravity  is  not 
great  enough,  to  furmount  the  adiion  of  the  furrounding  fluid,  if  they  meet 
with  fmall  dufl  upon  a table,  gather  it  up  as  they  roll  along,  and  their  fur- 
faces  being  covered  with  it,  do  not  immediately  touch  the  board,  which 
elfe  they  would  flick  to.  And  to  fhew  that  the  globular  figure,  which  the 
drops  of  water,  and  other  liquors,  fometimes  acquire,  proceeds  not  from 
their  refilling  of  drynefs,  but  either  from  their  being  every  way  prefs’d,  at 
leafl,  almofl  equally  by  fome  ambient  fluid,  of  a difagreeing  nature,  or 
from  fome  other  caufe  differing  from  that  the  fchools  would  aflign  ; the 
drops  of  water  which  fwim  in  oil,  fo  as  to  be  furrounded  with  it,  will  be, 
likewife,  globular;  yet  oil  is  a true  moiflening  liquor  as  well  as  water.  And 
the  drops  of  quick-filver,  tho’  upon  a table  they  are  more  difpofed  than 
water,  to  gather  into  a round  figure,  yet  that  they  do  it  not  as  humid  bo- 
dies is  evident ; becaufe  quick-filver  broken  into  drops,  will  fhew  mod  of 
them  globular,  not  only  in  oil,  but  in  water.  And  that  it  is  from  the 
incongruity  it  has  to  certain  bodies,  that  its  drops  refufe  to  flick  to  a 
table,  but  gather  themfelves  into  little  fpheres,  as  if  they  defign’d  to 
touch  the  wooden  plain  in  a point,  appears,  becaufe,  tho*  the 
fame  drops  will  retain  the  fame  figure  on  flone  or  iron,  yet  they 
readily  adhere  to  gold,  and  lofe  their  fphericity  upon  it  *,  tho*  gold  be 
a much  drier  body  than  wood,  which,  as  far  as  diflillation  manifefls, 
mufi /contain  numerous  humid  parts  of  feveral  kinds.  But  as  to  the 
Antiperiftafts  of  cold  and  heat,  the  Peripatetics  talk  of  thofe  qualities  being 
each  furrounded  by  its  oppofite,  as  if  both  of  them  had  an  underflanding, 
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Physics,  and  forefight,  that  in  cafe  it  did  not  gather  up  its  fpiris,  and  guard 
' **v“—*J  againft  its  antagonift,  it  muft  infallibly  perifh  •,  which  is  to  transform 
phyfical  agents  into  moral  ones.  And  as  reafon  declares  againft  the  com- 
mon opinion,  fo  experiment  alfo  may  be  alledged  againft  it. 

The  grand  experiment,  which  a late  champion  for  Antiperiftafis , makes 
his  leading  argument  to  eftablifh  it,  and  which  is  fo  generally  urged 
on  that  occafion,  arifes  from  the  heating  of  quick-lime  in  cold  wa- 
ter. Now,  I cannot  but  here  admire  at  the  lazinefs  and  credulity  of  man- 
kind, who  have  fo  long,  and  generally  acquiefced  in  what  they  might  fo 
eafily  have  found  to  be  falfe  *,  for  if,  inftead  of  cold  water,  you  quench 
the  lime  with  hot  water,  the  ebullition  will  be,  oftentimes,  far  greater 
than  if  the  liquor  were  cold.  And  this  might  well  be  expedled  ; 
hot  water  being  much  fitter  than  cold,  fuddenly  to  pervade  the  body 
of  the  lime,  and  haftily  diftolve,  and  fet  at  liberty  the  fiery  and  faline 
parts,  wherewith  it  abounds.  And  what  a greater  intereft  falts  may 
have  in  producing  fuch  heats  than  cold,  I have  alfo  tried  by  pouring  acid 
fpirits,  and,  particularly,  fpirit  of  fait  upon  good  quick-lime.  For  by  this 
means  there  would  be  a far  greater  degree  of  heat  excited,  than  if 
I had  ufed  common  water  : and  this,  whether  I employ’d  the  fpirit 
cold  or  hot.  For  in  either  cafe,  fo  fmall  a portion,  as  about  the 
bignefs  of  a wallnut  of  lime,  put  into  a fmall  glafs,  would,  by  the 
gradual  addition  of  a little  fpirit  of  fait,  both  hifs,  fmoke,  and  boil 
very  furprizingly  *,  and  notwithftanding  the  fmall  quantity  of  the  matter* 
conceive  fo  great  a heat,  that  I was  not  able  to  hold  the  glafs  in 
my  hand.  And  to  fhew  how  little,  heat  excited  in  quick-lime  by 
cold  water,  proceeds  barely  from  the  coldnefs  of  that  liquor : I caufed 
a parcel  of  good  lime  to  be  beaten  fmall,  and  putting  one  part  of 
it  into  a glafs  veffel,  I drench’d  it  plentifully  with  oil  of  turpentine, 
more  than  it  would  imbibe ; the  other  portion  I likewife  drench’d 
with  common  water  ; and  both  thefe  liquors  having  flood  in  the  fame 
room,  that  they  might  be  reduced  to  a like  degree  of  coldnefs,  the 
event  was,  that  the  oil  of  turpentine,  notwithftanding  its  actual  cold- 
nefs, and^the  great  fubtilty  and  penetrancy  of  parts,  which  it  has  in  com- 
mon with  other  chymical  oils,  being  of  an  unfit  texture,  feem’d  not 
to  make  any  diflolution  of  the  powdered  lime  •,  and  did  not,  for  fe- 
veral  hours,  that  I kept  it,  produce  any  fenfible  heat  therein  ; whilft 
that  part  on  which  common  water  had  been  poured,  foon  conceived 
fo  ftrong  a heat,  that  it  broke  a large  open-mouth’d  glafs,  into  the 
bottom  whereof  it  was  put ; and  not  only  grew  fo  hot,  that  I could 
not  endure  to  hold  it  in  my  hand,  but  fent  out  at  the  mouth 
of  the  glafs,  tho’  that  were  confiderably  diftant  from  the  lime,  a large 
white  fume,  fo  hot,  that  I could  not  bear  to  hold  my  hand  over  it. 
And  to  prevent  an  objection,  which  I forefaw  might  be  raifed  againft 
die  experiment  made  with  oil  of  turpentine,  from  the  oleaginous  nature 
of  that  liquor  ? I covered  a piece  of  the  fame  fort  of  quick- lime, 
with  highly  rectified  fpirit  of  wine  j but  tho’  I left  them  together  all 
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night,  yet  I perceived  not,  that  the  liquor  had  atall  flaked  the  lime,  which  Physi  cs. 
continued  in  an  intire  lump,  till  fubftituting  common  water,  it  quickly  ap- 
peared  to  be  flaked,  and  fell  afunder  into  a kind  of  minute  white  powder. 

In  freezing  a bafon  to  a joynt-ftool,  with  a mixture  of  fnow  and  fait, 
by  the  fire-fide,  ’tis  pretended,  that  the  fire  fo  intends  the  cold,  as  to 
enable  it  to  congeal  the  water,  that  flagnated  upon  the  furface  of  the 
ftool,  betwixt  that  and  the  bottom  of  the  veffel.  But  how  little  need 
there  is  of  Antiperiftafis  in  this  experiment,  appears  from  hence,  that 
I have  purpofely  made  it  with  good  fuccefs,  in  a place  where  there 
neither  was,  nor  ever  probably  had  been,  a fire  : and  this  trial  I could 
Confirm  by  feveral  other  experiments  of  the  like  nature  j but  this  one 
is  fufficient. 

’Tis  farther  delivered  for  fa&,  that  if,  having  almoft  filled  a large  pot 
with  fnow,  and  placed  in  the  middle  of  the  fnow  a vial  full  of  water, 
this  pot  be  put  over  the  fire,  the  coldnefs  of  the  fnow  will  be  fo  in- 
creafed  by  the  heat,  from  which  it  flies  into  the  water,  as  to  turn 
that  liquor  into  ice.  But  tho’  I feveral  times  tried  the  experiment,  yet 
neither  in  earthen,  nor  in  filver  vefTels,  could  I ever  produce  the  pro- 
mifed  ice.  And  I remember,  that  a very  learned  man,  who  wondered 
to  find  me  fo  diffident  of  what  he  faid  he  knew  to  be  true,  readily 
undertook  to  convince  me  by  ocular  proof ; but  with  no  better  fuccefs 
. than  I had  before. 

And  in  cafe  the  trial  fhould  fucceed,  fome  time  or  other,  yet  will 
there  be  no  neceffity  of  deriving  the  effedt  from  Antiperiftafis.  For 
tho’  the  fire  would  then  contribute  to  the  effedt,  by  haftening  the  dif- 
folution  of  the  fnow,  yet  the  heat  of  the  fire  does  but  remotely,  and 
by  accident,  caufe  the  production  of  ice  *,  fince  other  agents  will  do 
the  fame  thing,  that  are  qualified  to  make  a quick  diffolution  of  the 
fnow,  whether  they  be  hot  or  not  ; as  fpirit  and  crude  fait  of  nitre, 
will,  either  of  them,  by  a due  application,  bring  fnow,  by  diffolving 
it,  to  congeal  water  *,  tho’  the  fpirit  and  the  nitre  be  generally  agreed 
upon  to  be  actually  cold,  and  one,  if  not  both  of  them,  to  be  poten- 
tially cold  too. 

Having  thus  difpatch’d  the  experiments  pretended  to  prove  an  Anti- 
periftafis , I fhall  next  examine  the  obfervations,  alledged  to  that  pur- 
pofe  ; of  which  the  principal  are,  the  coldnefs  of  the  middle  region  of 
the  air  *,  the  increafe  of  men’s  appetite  in  winter  j the  generation  of  hail  * 
and  the  heat  and  cold  in  cellars,  and  other  fubterraneal  places,  when  the 
contrary  quality  reigns  in  the  air. 

To  begin  with  the  firft  of  thefe.  I will  not  now  difpute,  whether 
the  fecond  region  of  the  air,  have  really  the  coldnefs  afcribed  to  it  : I 
fee  no  neceffity,  however,  of  employing  an  Antiperiftafis , to  keep  the  fe- 
cond region  of  the  air  for  the  moft  part  cool.  Without  taking  in  the  caufe 
imagin’d  by  the  fchools,  an  obvious  and  fufficient  one  may  be  eafily 
affign’d  hereof.  For  the  air  being,  as  to  ienfe,  cold  of  its  own  nature,  fo 
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that  when  we  feel  it  hot,  it  is  made  fo  by  fome  adventitious  agent  ; and 
that  agent  being,  for  the  mod  part,  the  fun,  which  heats  the  air  chiefly 
by  its  reftedted  rays  *,  their  heat  is  fo  languid,  by  that  time  they  arrive, 
difpers’d,  at  the  fecond  region  of  the  air,  as  to  be  unable  to  over-power 
its  natural  coldnefs,  increafed  perhaps  by  fome  frigorific  fpirits,  that  may 
find  a more  commodious  harbour  there,  than  in  other  parts  of  the  atmo- 
fphere.  And  whatever  be  the  true  caufe  of  the  coldnefs  in  the  middle  re- 
gion of  the  air,  I admire  to  find  it  fo  confidently  afcrib’d  to  Antiperif- 
tafts, by  the  Ariftotelians  : for,  according  to  them,  ’tis  the  nature  of  the 
air  to  be  as  well  hot  as  moift ; and  according  to  the  fame,  both  the  upper 
region  of  the  air  always,  and  the  lower  in  lummer,  is  kept  hot,  the  for- 
mer by  the  neighbourhood  of  the  imaginary  element  of  fire,  and  the  lat- 
ter by  the  reflection  of  the  fun-beams  from  the  earth  : how  therefore 
comes  Antiperiftafts  to  take  place  here  ? For,  as  they  fay,  thofe  bodies 
have  their  cold  and  heat  increas’d  by  Antiperiftafts , that  are  on  both  fides 
afiail’d  by  others  of  a contrary  quality,  to  that  which  is  natural  to  the 
furrounded  body  *,  but  the  whole  element  of  air,  and  confequently  the 
middle  region,  being,  as  they  would  perfuade  us,  hot  of  its  own  nature  \ 
what  jfhadow  of  probability  is  there,  that  the  higheft  and  lowed:  regions, 
by  being  hot,  Ihould  make  the  middle  region,  which  is  alfo  naturally 
hot,  intenfely  and  durably  cold  ? However,  it  does  not  appear,  if 
the  air  be  naturally  rather  cold,  than  hot,  that  the  fecond  region  muft 
owe  the  intenfenefs  of  that  quality  to  an  Antiperiftafts.  For  the  ground 
of  this  opinion,  being,  that  both  the  firft  and  the  third  regions  are 
confiderably  hot,  I would  gladly  find  it  prov’d  as  to  the  upper  re- 
gion. ’Tis  true,  there  are  two  reafons  alledged,  to  fhew  the  heat  of 
the  higher  region  of  the  air,  but  neither  of  them  feems  cogent.  The 
firft  is,  its  vicinity  to  the  element  of  fire.  But  if  we  confider  the 
diftance  of  that  element,  which  they  place  contiguous  to  the  orb  of 
the  moon  •,  and  how  little  nearer  to  it  the  concave  part  of  the  up- 
per region  is,  than  the  convex  of  the  middle,  we  may  eafily  conceive, 
that  in  two  diftances,  that  are  both  of  them  fo  immenfe,  fo  fmall  a 
difparity  cannot  be  more  confiderable,  than  the  greater  nearnefs  of 
one  fide  of  • a fheet  of  paper  held  at  three  yards  diftance  from  an  or- 
dinary fire,  in  comparifon  of  the  other  fide  of  the  fame  paper  *,  or 
than  the  diftances  of  a fmall  wart,  and  of  the  neighbouring  parts  of 
the  face,  when  a man  comes  within  two  or  three  yards  of  the  fire. 
But  ’tis  not  worth  while  to  profecute  this  confideration,  becaufe  the 
argument  againft  which  ’tis  alledg’d,  is  built  upon  the  groundlefs  fup- 
pofition  of  the  element  of  fire  ; a figment  which  many  of  themfelves 
are  afham’d  of ; and  indeed  its  exiftence  is  as  little  to  be  difcovered  by 
reafon,  as  perceiv’d  by  fenfe. 

The  other  argument  for  the  heat  of  the  third  region  of  the  air, 
is,  that  fiery  meteors  are  kindled  by  it.  But  not  here  to  examine, 
whether  all  meteors  that  fhine,  and  therefore  pafs  for  fiery,  are  really 
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kindled  exhalations  •,  we  fee,  that  in  the  lower  region  of  the  air,  and  inPH 
winter,  thofe  fires  called  either  Helena , or  Caftor  and  Pollux , are  genera- 
ted in  great  ftorms,  and  hang  about  the  fails  and  fhrouds  of  lhips.  Nay, 
do  not  we  much  more  frequently  fee,  that  lightning  is  produced  at  all  fea- 
fons  of  the  year  *,  for  in  warmer  countries  thoufands  have  obferved  it  to 
thunder  (and  fo  have  I in  winter)  in  the  middle  region  of  the  air  ? And 
if  *tis  not  the  heat  of  the  lower  part  of  the  air,  that  kindles  thofe  exhalations  ; 
and  if,  notwithftanding  the  coldnefs  of  the  fecond  region,  fiery  meteors 
may  be  frequently  generated  there  ; I fee  not  how  the  production  of  fuch 
meteors  argues  the  heat  of  the  third  region  of  the  air.  And  if  that  re- 
gion be  not  hot,  then  it  will  be  eafily  granted,  that  the  coldnefs  of  the 
fecond  muft  very  improperly  be  attributed  to  fuch  an  Antiperiftafis , as  it 
is  generally  afcribed  to. 

Let  us  next  confider  that  aphoriftical  faying  of  Hippocrates , “ the  Vi  ft 
“ cera  are  hotted:  in  the  winter,”  together  with  the  obfervation  whereon 
it  feems  to  have  been  grounded.  I will  not  now  enquire  whether  any 
arguments  for  the  contrary  may  be  drawn  from  the  heat  and  third: 
men  feel  in  fummer,  and  the  refrefhment  they  then  find  by  drinks, 
fruits,  and  other  aliment  adlually  cold  ; what  I principally  intend  is, 
that  I much  more  doubt  the  matter  of  fadt,  than  that,  in  cafe  it  be 
true,  it  may  be  accounted  for  without  the  help  of  Antiperiftafis , in  the 
vulgar  notion  of  that  term. 

And  firft,  the  proof  ufually  brought  of  the  greater  heat  of  men’s 
ftomachs  in  winter,  is,  that  they  then  have  a greater  appetite.  But 
the  aphorifm  fuppofes  digeftion  to  be  made  in  the  ftomach  by  heat  \ 
and  confequently  that  the  ftronger  digeftion  made  in  the  winter,  is  an 
argument  the  ftomach  is  then  hotter  than  in  other  feafons  of  the 
year.  The  error  of  this  fuppofition,  need  not  be  folemnly  proved, 
fince  there  are  feveral  things  in  nature,  that  agree  not  with  it,  and 
particularly  the  ftrong  concodlion  made  in  ravenous  fiffl,  whofe  fto- 
machs  and  blood  are,  as  I have  purpofely  obferved,  fenfibly  cold.  But 
if  it  fhould  in  fome  cafes  prove  true,  that  there  is  really  in  men’s  bo- 
dies a far  greater  heat  in  winter  than  in  fummer,  yet  this  would  not 
infer  an  Antiperiftafis  in  the  fenfe,  wherein  I oppofe  it.  For  the  vital 
heat  lodg’d  in  the  heart,  always  generating  out  of  the  blood  and  juices, 
that  continually  circulate  thro’  that  part,  plenty  of  fpirits  and  warm 
exhalations,  which  tranfpire  thro’  the  pores  of  the  fkin  in  much  greater 
quantities,  than,  notwithftanding  the  affirmations  of  Santtorius , any 
thing  but  my  own  trials  could  have  perfuaded  me  ; thefe  warm  fleams 
finding  the  pores  of  the  fkin  ftraitned  and  fhut  up,  gradually  grow 
more  numerous  in  the  body,  and  thereby  heat  the  ftomach,  as  well  as 
the  other  internal  parts.  Perhaps,  alfo,  the  fame  cooling  corpufcles  or 
temperature  of  the  air,  that  produce  cold  in  winter,  may,  by  lhutting 
in  certain  kinds  of  effluvia,  or  altering  the  motion  or  texture  of  the 
blood,  reduce  it  to  fuch  a difpolition,  as  fhall  increafe  the  appetite, 
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as  well  as  the  concodtion  in  the  ftomach,  promoted  by  the  ftomachical  men- 
ftruum,  or  ferment,  which  either  is  newly  generated  in  winter,  or  more 
plentifully  fupplied  (by  the  circulation  of  the  blood)  in  that  feafon  than  in 
others.  And  to  fhew,  that  a keen  appetite  may  be  procur’d  by  agents 
endow’d  with  very  diftindt  and  contrary  qualities  ; aromatic  fauces,  wine 
and  vinegar,  all  of  them,  in  mod:  men,  beget  an  appetite,  tho’  the  two 
former  be  confefiedly  hot,  and  the  latter  cold.  And  fo  wormwood,  and 
the  juice  of  lemmons,  have  both  of  them  frequently  reliev’d  dull  and  weak 
ftomachs  •,  tho’  the  one  be  confefiedly  a hot  fimple,  and  the  other  a cold 
one.  And  in  fome  cafes,  either  the  frigorific  corpufcles  themfelves,  and 
perhaps  fome  other  unknown  to  us,  brought  along  with  them,  may  fo 
follicit  the  ftomach,  as  to  caufe  an  eager  appetite,  not  precifely  by  their 
being  cold  or  hot,  but  by  their  peculiar  nature  •,  as  we  have  inftances 
of  fome  among  us,  who  by  walking  in  the  fnow,  procure  an  infatiable 
hunger.  And  the  learned  Fromundus  relating  how  himfelf,  by  walking 
long  on  the  fnow,  was  furpriz’d  with  fuch  a canine  appetite,  takes  no- 
tice, that  the  chief  caufe  of  the  fainting  was  in  the  ftomach  : and  that  he 
found  by  his  own  experience,  that  part  difcompos’d,  twitch’d  and  pro- 
vok’d to  retchings.  He  adds,  that  he  thinks  the  chief  caufe  of  the  Bu- 
limia to  confift  in  certain  fteams,  that  peculiarly  affedt  the  ftomach, 
which  they  gnaw  and  diftend.  And  juft  before  he  obferved,  that 
ftraining  to  fetch  deep  coughs  is  a prefent  remedy  in  this  diftemper, 
by  difcharging  the  ftomach  and  lungs  of  thofe  fnowy  fpirits,  which  were 
either  attracted  in  refpiration,  or  had,  fome  other  way,  infinuated  them- 
felves in  thofe  parts : fo  that  befides  the  cold,  abftradtedly  confider’d,  the 
ftomach  may  be  peculiarly  affedted  by  other  attendants  of  the  frigorific 
corpufcles,  that  grow  powerful  in  frofty  weather.  To  this  it  well  a- 
grees,  that  feveral  have  been  fubjedb  to  a Bulimia  in  our  climate,  who 
endure  nothing  near  fo  great  a cold,  nor  are  fo  much  diforder’d  by  it, 
as  multitudes  of  others,  who  in  Nova  Zembla , and  other  frozen  regions, 
never  complain’d  of  having  contradted,  even  in  the  midft  of  winter,  any 
fuch  difeafe. 

Another  argument,  urg’d  in  favour  of  Antiperiftqfis , is  borrowed  from 
the  produdtion  of  hail,  which  is  prefum’d  to  be  generated  in  fummer 
only,  not  in  winter  ; and,  according  to  the  fchools,  is  made  in  the 
lowed:  region  of  the  air,  by  the  cold  of  the  falling  drops  of  rain  being 
fo  highly  intended  by  the  warmth  it  meets  with  in  the  air  near  the 
earth,  as  to  congeal  the  water  wherein  ’tis  harbour’d.  But  tho’  I think 
the  generation  of  hail  hard  to  be  well  explain’d  j yet  I rejedt  the  receiv’d 
dodtrine  about  it,  for  feveral  reafons. 

And  firft,  ’tis  not  univerfally  true,  that  hail  falls  not  but  in  fum- 
mer, or  very  hot  weather  *,  for  I have  myfelf  obferv’d  it  to  hail 
at  the  latter  end  of  November ; and  that  when  fome  frofty  days 
had  preceded,  and  when  the  coldnefs  of  the  weather  was  complain’d 
of.  Nay,  the  longed:  Ihower  of  hail  that  I remember  to  have  feen, 

fell 
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fell  about  a week  before  the  end  of  January,  on  a night  preceded  by  Physics. 
a very  frofty  day,  which  itfelf  was  preceded  by  the  ffiarp  fit  of  frofty 
weather.  And  when  the  tedious  fhower  was  over,  there  came  to  the 
houfe,  where  I then  was,  a fervant  to  one  of  my  domeftics,  and  re- 
lated to  her  mailer,  and  others,  that  Ihe  was  milled  out  of  the  bea- 
ten way,  where  the  llorm  found  her,  by  an  Ignis  fatuus  which  Ihe  long 
millook  for  a common  light.  Now,  how  the  noCturnal  air  could  kin- 
dle a fiery  meteor  by  its  coldnefs,  and  at  the  fame  time  congeal  the 
falling  drops  of  water  into  ice  by  its  warmth,  I lhall  leave  the  patrons 
of  Antiperiftafis  to  confider  *,  and  only  add,  that  doubtlels  other  ob- 
fervations  of  the  like  kind  have  been  often  made,  tho*  perhaps  fel- 
dom  recorded:  for  within  a very  few  weeks  of  this  ftotm,  fome  fervants 
of  mine  affirm’d  they  had  obferved  it  to  hail  two  or  three  times  befides. 

Next,  if  Arijlotle  hath  rightly  affign’d  the  caufe  of  hail,  ’tis  fome- 
what  ftrange  it  ffiould  not  fall  far  more  frequently  in  fuinmer,  and  efpe* 
dally  in  hot  climates,  than  it  does  ; confidering  how  often,  in  all  pro- 
bability, the  drops  of  rain  fall  cold  out  of  the  fecond  region  into  the 
warm  air  of  the  firft.  And  more  ftrange  it  is,  that  even  in  thofe 
parts  of  AZgypt,  where  it  rains  frequently  enough  and  plentifully, 
tho’  not  about  Grand  Cairo , yet  about  Alexandria  and  Pelufium,  it  ffiould 
never  hail  no  more  than  fnow,  as  the  learned  Prosper  Alpinns  affirms 
Befides,  as  to  the  generation  of  fnow  in  the  upper  region  of  the  air, 
and  hail  always  in  the  lower,  my  own  obfervation  has  afforded  me 
many  inftances  that  feem  to  contradict  the  tradition.  For  I have  ob- 
ferved that  in  many  great  grains  of  hail,  befides  a hard  tranfparent 
icy  ffiell,  there  was,  as  ’twere,  a fnowy  pith  of  a foft  white  fubftance ; 
and  this  fnowy  part  was  moft  commonly  in  the  middle  of  the  icy, 
but  fometimes  other  wife.  And  laftly,  the  favourers  of  Antiperifiafis 

would  have  the  drops  of  rain  in  their  defcent,  to  be  congeal’d  apart 
in  the  ambient  air  *,  but  the  irregular  and  angular  figures  we  often 
meet  with  in  hail,  gives  little  countenance  to  this  doCtrine  : and  hail 
often  falls  in  grains  too  large  by  far  to  comply  with  Ariftotle's  con- 
ceit. For,  not  to  mention  the  grains  of  hail  I have  myfelf  obferved 
to  be  of  a bignefs  unfuitable  to  this  opinion,  feveral  eye-witneffes 
have  inform’d  me  of  their  having  obferved  much  greater  than  thofe 
I have  done : and  particularly  an  eminent  virtuofo  of  unqueftiona* 
ble  credit,  affirm’d  to  me,  that  he  had  at  Lyons  in  France  obferv’d 
a ffiower  of  hail,  many  of  whofe  grains  were  as  large  as  ordinary- 
tennis-balls,  and  which  greatly  damaged  the  window  and  tiles  of  the 
houfes,  anfwerable  to  that  unufual  bulk.  And  Bartholine  declares,  that 
he  himfelf  obferv’d,  in  another  ffiower  of  hail,  grains  of  a larger  fize  •, 
a fingle  one  weighing  no  lefs  than  a whole  pound.  But  tho’  this  it- 
felf is  little  in  comparifon  of  what  I remember  to  have  met  with  in 
authors ; yet  it  abundantly  fuffices  to  difprove  the  vulgar  conceit  about 
the  generation  of  hail,  till  we  meet  in  thefe  countries  with  ffiowersof 
Vol.  I.  U u u u rain. 
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Physics,  rain,  whofe  Tingle  drops  prove  to  be  as  large-,  which  I prefume  thofe 
t— > who  afcribe  hail  to  Antiperiftafis,  will  not  eafily  ffiew  us. 

I come  now  to  confider  the  laft,  and  indeed  the  principal  example, 
that  is  given  of  Antiperiftafis , the  coldnefs  of  cellars,  and  other  lub- 
terraneal  vaults  in  fummer,  and  their  heat  in  winter. 

And  firft,  as  to  the  refreffiing  coldnefs  which  fubterraneal  places  af- 
ford in  fummer,  I both  deny  that  they  are  then  colder  than  in  win- 
ter; and  affert,  that  tho’  they  were,  that  coldnefs  would  not  ne- 
ceffarily  infer  an  Antiperiftafis. 

We  muft  confider  then,  that  in  fummer  our  bodies  having,  for  ma- 
ny days,  or  weeks,  been  conftantly  furrounded  with  an  air,  which,  at 
that  feafon  of  the  year,  is  much  hotter  than  in  winter,  or  other  feafons  ? 
our  fenfes  may  eafily  impofe  upon  us,  and  we  be  much  miftaken, 
by  concluding  upon  their  teltimony,  that  the  fubterraneal  air  we  then 
find  fo  cool,  is  really  colder  than  it  was  in  the  winter,  or  the  fpring ; 
as  they  who  come  out  of  hot  baths  think  the  air  of  the  adjoining 
rooms  very  frefh  and  cool,  which  they  found  to  be  very  warm,  when 
coming  out  of  the  open  air,  they  went  thro’  thofe  warm  rooms  to  the 
bath.  And  the  depth  and  retirednefs  of  thefe  fubterraneal  caves  keep 
the  air  they  harbour,  from  being  any  thing  near  fo  much  affedfed 
with  the  changes  of  the  feafon,  as  the  outward  air,  that  is  freely 
expos’d  to  the  fun’s  rays,  which  pierce,  with  any  fenfible  force,  fo 
little  into  the  ground,  that  diggers  feldom  obferve  the  earth  to  be 
dried  and  difcolour’d  by  them  beyond  the  depth  of  a very  few  feet. 
And  I have  found,  in  very  fhallow  mines,  not  above  fix  or  feven 
yards  deep,  tho’  the  mouth  were  wide,  and  the  defcent  perpendicular, 
the  air  was  cool  in  the  heat  of  fummer  -,  fo  that  the  free  air,  and 
our  bodies  that  are  always  immers’d  in  it,  being  much  warmer  in 
fummer  than  at  other  times  -,  and  the  fubterraneal  air,  by  reafon  of 
its  remotenefs  from  thofe  caufes  of  alteration,  continuing  Hill  the  fame, 
or  but  very  little  chang’d  * it’s  no  wonder  there  fhould  appear  a dif- 
ference, as  to  fenfe,  when  our  bodies  pafs  from  one  to  another  of  them. 

And  fuppofing  the  air  of  cellars  and  vaults  w^ere  really  colder  in 
fummer  than  in  winter,  that  is,  were  difcovered  to  have  a greater 
coldnefs  not  only  as  to  our  fenfe  of  feeling,  but  as  to  weather-glalfes 
yet  need  not  we  have  recourfe,  for  the  folution  of  the  difficulty,  to  an 
Antiperiftafis , which  ’tis  much  harder  to  underftand,  than  to  find  out 
the  caufe  of  the  phenomenon  ; which  feems,  in  ihort,  to  be  this  that 
as  there  are  warm  exhalations,  in  all  feafons,  plentifully  fent  up  by  the 
fubterraneal  heat,  from  the  lower  to  the  fuperficial  parts  of  the  earth 
thefe  fteams,  (which  in  winter  are  in  a great  meafure  reprelfed,  or  check- 
ed in  their  afcent,  by  the  cold  froft  or  lnow%  that  binds  the  furface  of 
the  earth,  and  choaks  up  its  pores)  which  being  detained  in  the  ground, 
would  temper  the  native  coldnefs  of  the  earth  and  water,  and  confe- 
quently  that  of  fprings,  and  of  the  fubterraneal  air,  are  by  the  heat 
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that  reigns  in  the  outward  air,  called  out  at  the  many  pores  and  Ph 
chinks,  which  that  heat  opens  on  the  furface  of  the  ground,  by  which  ■ 
means  the  water  of  deep  fprings  and  wells,  and  the  fubterraneal  air, 
being  deprived  of  that  which  is  requifite  to  allay  their  wonted  coldnefs, 
are  left  to  difclofe  a higher  degree  of  it,  and  feem  to  have  that  qua- 
lity increafed,  when  indeed  it  is  but  freed  from  the  mixture  of  its 
contrary  that  weakened  it. 

As  for  the  heat  we  find  in  cellars  and  vaults  in  winter,  the  folu- 
tions  already  given  will  be  applicable  to  that  phenomenon  alfo  *,  which 
by  this  way  is  yet  more  eafy  to  be  accounted  for  than  the  other. 

But  it  may  be  juftly  queftioned,  whether  cellars,  in  general,  are  hot  - 
ter in  the  winter  than  they  are  in  fummer.  As  for  the  teftimony  of  our 
fenfes,  upon  which  alone  men  ufually  conclude  the  affirmative,  it  may 
in  this  cafe  eafily  deceive  us.  For  thofe  places  being  ffieltred  from  the 
winds,  and  kept  from  a free  communication  with  the  outward  air,  they 
will  be  much  lefs  expofed  than  others  to  the  adtion  of  the  agents,  what- 
ever they  are,  that  produce  cold  in  the  air : fo  that  our  bodies  be- 
ing conftantlv  immers’d  in  the  air  cooled  by  the  winter,  and  conle- 

quently  brought  nearer  to  the  temper  of  that  air  •,  wffien  thofe  bodies 
come  into  cellars,  the  fubterraneal  air  mult  feem  warm  to  us,  tho*  in 
itfelf  it  were  unvaried  as  to  its  temper. 

Now  that  many  cellars  are  indeed  colder  in  the  midft  of  winter, 
than  in  the  heat  of  fummer,  tho’  not  in  refpedt  of  our  fenfes,  yet  in 
refpedt  of  other  bodies,  which  have  not  the  fame  predifpofitions,  I am 
induc’d  to  believe  by  fome  experiments  I purpofely  made.  Having  on 
a frolty  evening  hung  out  in  a garden  two  feal’d  weather-glades,  that 
they  might  be  reduced  as  near  as  polible  to  the  temper  of  the  am- 
bient air,  I brought  one  of  them  into  a cellar,  and  it  foon  began  ma- 

nifeftly  to  rife,  and  in  two  or  three  hours  afcended  five  or  fix  divi 
fions,  whilfl  the  liquor  in  the  other  lealed  weather-glafs,  that  continued 
fufpended  in  the  fame  part  of  the  garden,  rather  a little  fubfided, 
than  rofe  * which  ffiews  that  the  air,  harbour’d  in  cellars,  is  not  lb 
powerfully  affedted  by  the  ordinary  efficients  of  cold,  as  the  free  exter- 
nal air.  And  to  ffiew  that  the  fubterraneal  air,  tho’  it  be  lefs  affedted 
by  the  outward  cold,  may  be  fomewhat  affedted  by  it,  inflead  of  grow- 
ing hotter  by  Antiperiftafis  *,  I ffiall  add,  that  early  in  the  morning,  in 
frofty  weather,  the  liquor  in  the  fame  weather-glafs  appeared  more  iiib- 
fided,  than  over  night:  which  ffiews  that  the  external  air  leffened,  not 
increafed,  the  warmth  of  the  air  in  the  cellar.  And  having  there  placed 
a wide-rnouth’d  glafs  of  oil,  which  in  thawing  weather  remained  all 
night  fluid  as  before ; the  fame  liquor,  the  very  next  night,  which 
proved  feverely  frofly,  was  fo  far  frozen  and  congealed,  as  to  fink  in 
other  oil,  and  keep  its  furiace  exadtly,  tho’  the  glais  were  turned  upfide 
down.  And  proiecuting  my  trial,  I found,  that  in  a ffiurp  frolb, 
and  great  fnow,  the  liquor  which  over-night  was  beneath  the  fourth 
4ivifion,  a fuddain  thaw  coming  with  a fouth-wind,  the  next  morn*- 
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Physics,  ing  in  the  fame  cellar  the  liquor  was  afcended  to  the  eighth.  And 
long  continuing  the  weather-glafs  in  the  fame  cellar,  to  watch  its  al- 
terations every  night  and  morning,  I regiftred  more  obfervations,  that 
confirmed  me  in  my  opinion.  And  after  thefe  experiments,  meeting 
with  a learned  Polander , I,  without  declaring  my  opinion,  enquired  of 
him,  whether  in  his  country  he  had  at  any  time  obferved  beer  to 
freeze  in  cellars  in  frofty  weather  •,  who  anlwered,  that  in  the  coldelt 
winters,  if  the  beer  were  fmall,  the  barrels  would  often  be  frozen* 
but  not  if  it  were  ffrong.  And  I have  myfelf  obferved  here  in  Eng- 
land., barrels  of  beer  to  be  frozen  in  the  cellar  in  exceeding  cold  wea- 
ther ♦,  fo  that  one  of  them  being  full,  and  the  liquor  expanded  by 
freezing,  it  was  forced  out  at  certain  chinks,  which  feem’d  to  have 
been  made  by  that  expanflve  force  j and  the  liquor  fo  thrown  out, 
adhered  in  a confiderabie  lump  to  the  outfide  of  the  veffel  ; yet  this 
cellar  had  its  windows  carefully  fhut,  and  lay  not  only  near  a kitchin* 
v/here  fire  was  conflantly  kept,  but  had  this  principal  mark  of  a good 
cellar,  that  in  the  heat  of  fummer  it  afforded  drink  fufficiently  cook 
And  enquiring  of  the  phyfician  to  the  Ruffian  emperor,  whether  their 
cellars,  at  Mofcow  were  really  very  cold  in  fummer,  he  anfwered  they 
were  not  ; that  they  had  diftindt  cellars  for  fummer  and  for  winter 
that  their  fmall  beer  would  quickly  grow  four  in  their  cellars  in  fum- 
mer, if  their  veffels  were  not  kept  in  fnow  •,  and  therefore  that  their 
way  was  to  make  at  the  bottom  of  their  fummer  cellars  a deep  layer  of 
fnow,  on  which  they  afterwards  caff  a convenient  quantity  of  water, 
whence  the  whole  mafs  might  be  turned  into  a kind  of  ice.  In  this 
fnow  they  keep  their  calks  ; making  fometimes  a layer  of  fnow,  and 
a layer  of  cafks  •,  and  digging  out  their  veffels,  as  they  have  occafion 
to  ufe  them.  From  all  which  it  appears  how  groundlefly  ’tis  affirmed 
of  cellars,  that  as  they  feem  to  the  fenfe,  fo  they  really  are  hotter  in 
winter  than  in  fummer. 

But  if  it  fhould  happen,  (as  poffibly  it  fometimes  may)  that  a vault 
or  cellar  is  really  warmer  in  fummer  than  in  winter  •,  yet  I fee  not 
why  this  fhou’d  drive  us  to  acknowledge  an  Antiperijlajis  : for  neither 
could  the  effedt  be  made  out  by  that  * nor  would  there  be  any  ne- 
ceffity  to  have  recourfe  to  it. 

For  fuppofing  an  Antiperijlajis  intelligible,  it  were  improper  to  alledge 
it  in  our  cafe  *,  fince  to  invigorate  the  warmth  of  the  air  by  the  cold, 
the  air  muff,  according  to  the  peripatetics,  be  environed  with  other 
cold  bodies,  and  the  heat  retire  as  far  as  it  can  from  them  ; and  ac- 
cordingly ’tis  obferved,  that  in  winter  the  deepeft  cellars  are  warmed. 
But  in  the  cafe  before  us,  the  fubterraneal  air,  tho*  above,  it  have  the 
cold  that  reigns  in  winter  ; yet  beneath,  the  fubterraneal  heat  makes  the 
earth  very  warm.  The  learned  Morinus  informs  us,  that  about  the  year 
1615.  he  vifited  the  mines  of  Hungary , and  particularly  defcended  into 
the  deep  gold  mine  at  Cremnitz  : and  that  after  he  had  defcended  four- 
fcore  or  a hundred  fathom,  he  found  it  exceffively  hot,  tho*  he  had  but  a 

flight 
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flight  linen  garment  on ; and  tho*  he  be  a maintainer  of  Antiperiftafis^iHyt%iQ%. 
yet  he  affirms,  that  not  only  the  overfeer  and  workmen  of  that  mine,  J 

but  alfo  thofe  of  feveral  others,  unanimoufly  aflured  him,  the  lower 
region  of  the  earth  was  all  the  year  long  very  hot,  as  well  in  winter 
as  he  found  it  in  fummer  : fo  that  it  feems  in  winter  the  heat  of  th « 
fubterraneal  parts,  lefs  remote  from  the  fuperficies,  cannot  be  increafed 
by  the  coldnefs  of  the  more  internal  parts  of  the  earth,  thofe  parts 
being  themfelves  conftantly  hot. 

Indeed  he  fays,  that  he  found  the  fupreme  region  of  the  earth,  as  he 
calls  it,  which  is  that  next  the  air,  exceedingly  cold,  both  as  he  went 
down  into  the  mine,  and  as  he  came  up  again  ; and  this  he  afcribes  to 
Antiperiftafis . But  he  alfo  relates,  that  ’twas  in  July , and  in  very  hot  wea- 
ther, that  he  went  down  into  the  mine,  and  that  he  exchanged  his  clothes 
for  a light  loofe  linnen  garment,  fuch  as  the  diggers  wore  j and  this  him- 
felf  mentions,  as  that  which  much  increafed  the  coldnefs  he  felt:  fo 
that  if  befldes  this  we  confider*  that  he  defcended  into  a cooler  place, 
his  body  being  already  effected  with  the  great  heat,  which  as  he  elfe- 
where  takes  notice,  the  feafon  had  given  the  outward  air  ; and  being, 
perhaps  much  heated  by  riding  or  walking  to  the  mine  \ no  wonder 
he  found  the  change  very  fenfible  as  he  went  down.  And  ’tis  the  lefs 
furprizing,  that  he  found  the  upper  region  of  the  earth,  as  he  calls  it, 
more  cold  when  he  came  up  again  : flnce  befldes  the  toil  of  going 
down,  and  afcending  thro*  narrow,  low,  and  difficult  paflages,  he  came 
out  of  a place  fo  exceffively  hot,  that  he  tells  us,  the  overfeer  of  the 
mine  would  not  go  back  with  him  the  fame  way  he  came,  but  took 
a far  fhorter,  tho’  a more  dangerous  way,  cauflng  himfelf  to  be  drawn 
up  in  a perpendicular  groove  ; becaufe  he  faid,  ’twas  very  unhealthy, 
coming  out  of  a place  where  the  diggers  work  naked,  and  where  they 
even  melt  in  fweat,  to  make  any  long  flay  in  the  upper  region  of 
the  earth.  So  that  this  author,  altho5  he  maintains  Anti'periftafis , yet 
allows  the  upper  region  to  be  hot  in  winter,  as  well  as  cold  in  fum- 
mer ♦,  and  confequently  that  in  winter,  it  has  not  a cold  region  be- 
neath, as  well  as  above  it.  But  befldes  this,  the  matter  of  fa6t  feems  ve- 
ry favourable  to  my  opinion  ; for  I may  juftly  refer  the  cold  he  felt 
near  the  furface  of  the  earth  to  the  deception  of  his  fenfe  \ but  the 
heat  he  felt  within  the  bowels  of  the  earth,  cannot  be  referred  to 
the  fame  caufe : flnce  he  tells  us,  that  at  the  top  of  the  great  and 
perpendicular  groove,  by  which  the  mine-mafter  was  drawn  up,  there 
afcended  a large  fmoak,  that,  even  above  the  mouth  of  it,  felt  actu- 
ally hot.  And  befldes  his  own  confeflion,  that  the  deep  parts  of  the 
mine  were  more  than  feemingly  hot,  I can  draw  further  proofs  from 
thefe  two  circumftances,  that  I have  elfe- where  met  with  in  his  nar- 
rative: the  one,  that  on  the  furface  of  the  earth,  it  was  than  excef- 
flvely  hot-,  another,  that  the  fmoak,' which,  notwithftanding  this  heat 
appeared  hot,  had  in  its  afcent  paffed  thro*  four  or  five  hundred  feet 
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Physics,  of  a cold  region  of  the  earth,  whereby  it  may  well  be  fuppofed  to 
have  been  much  infrigidated.  To  thefe  relations  of  Morinus , we  may 
add,  the  arch-bifhop  of  Upfal  affirms,  that  going  in  the  year  1528  to 
vifit  thofe  deep  mountains  (as  he  terms  them)  in  Poland , whence  they 
dig  folid  fait  ♦,  and  having  defcended  fifty  ladders,  he  found  in  the  deep- 
er places,  that  the  workmen  were  naked,  becaufe  of  the  heat  fo  that 
fuppofing  the  time  of  the  year  not  to  be  confiderable  in  this  cafe,  it 
feems  from  lienee,  that,  provided  a man  defeends  low  enough  into 
the  bowels  of  the  earth,  he  will  find  it  very  hot,  even  in  places  that 
want  thofe  metals,  or  marcafites,  or  other  like  mineral  iubflances, 
by  the  adlion  of  faline  liquors,  or  exhalations  upon  which,  ’tis  pro- 
bable, the  heat  obferved  in  mines  may  be  produced. 

I have  hitherto  ffiewn,  that  the  heat  of  cellars  and  vaults  in  win- 
ter, has  been  very  improperly  aferib’d  to  Antiperiftqfis.  It  has  alfo 
been  unnecelfarily  aferibed  thereto.  For  as  the  air  of  thofe  places  is 
protected  from  the  greatefl  part  of  the  adventitious  coldnefs  that  reigns 
in  the  outward  air  i fo  the  fubterraneal  air  has  a pofitive  caufe  of  heat  in 
winter,  that  it  has  not  in  fummer.  For  as  we  formerly  obferv’d,  in  fum- 
mer  the  pores  of  the  earth  being  dilated  by  heat,  the  warm  exhala- 
tions, that  ufed  to  mix  with  moifl  vapours  in  the  bowels  of  the  earth, 
are  call’d  out,  and  exhal’d  ; but  in  winter,  the  furface  of  the  earth, 
being  hardened  by  frofl,  or  its  pores  clog’d,  the  hot  fleams,  that,  as 
we  lately  faw,  continually,  and  in  plenty  afeend  from  the  warm  regi- 
on, or  lower  parts  of  the  earth,  are  in  great  part  detained  and  irn- 
prifoned  in  cellars,  and  other  fubterraneal  cavities,  where  confequently 
they  produce  fuch  a heat  as  to  thofe  who  come  out  of  the  cold  air, 
may  be  very  fenfible.  And  this  the  rather,  becaufe  whilfl  men,  by 
the  coldnefs  of  the  feafon,  are  more  than  ordinary  careful  to  Hop 
up  the  paflages,  at  which  the  external  air  may  get  in,  they  at  the 
fame  time  flop  up  the  vents,  at  which  the  fubterraneous  exhalations 
might  get  out.  And  a very  grave  author  having  occafion  to  menti- 
on cellars,  relates  it,  as  a pradlice  in  feveral  houfes  of  a town  where 
he  had  been,  to  keep  vents  in  their  deep  cellars,  which,  in  the  fum- 
mer, were  opened  from  time  to  time,  to  keep  the  places  fweet  and 
wholefom,  and  alfo  to  let  out  the  warm  exhalations,  that  would  other- 
wile  flat  and  deaden  their  liquors.  And  thefe  fleams  were  affirm’d 
to  have  been  feveral  times  obferved  to  afeend  vifibly  into  the  free  air, 
like  fmoak : which,  fqveral  phenomena,  and  particularly  what  is  faid  of 
the  hot  fumes,  that  manifeflly  afeended  out  of  the  great  groove  in  the 
Hungarian  mine,  may  render  credible. 

We  come  now  to  confider  that  phenomenon,  which  is  much  urg’d  in 
favour  of  Antiperiftqfis , the  fmoaking  of  water,  drawn  in  frofly  wea- 
ther, out  of  deep  wells  and  fprings. 
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But  furely  ’tis  very  improperly  that  fome  urge  for  Antiperiftafis^  fuchPH 
examples  as  the  ftrange  fpring  near  the  temple  of  Jupiter  Ammon , which  u— 
Lucretius  and  others  obferved  to  have  been  exceeding  cold  in  the  day 
time,  and  as  hot  at  night  ; for,  not  now  to  examine,  whether  the 
ftory  be  fabulous,  or  might  not  be  afcribed  to  fome  crafty  trick  of 
the  priefts,  who  defignkbto  impofe  upon  Alexander , as  well  as  others, 
and  procure  an  admiration  of  the  place  ; in  this,  and  other  the 
like  cafes,  for  inftance,  the  fprings  in  the  iflands  of  Maldivia , mention’d 
by  Pyrad , muft  be  referred  to  the  peculiar  nature  of  the  fpring,  or  fome 
other  hidden  caule  •,  fince  if  the  water  of  them  were  but  ordinary,  and  the- 
phenomena  the  effedls  of  Antiperiftafis , it  might  juftly  be  expedled,  that  the 
like  fhould  happen  in  all  fprings  ; which  is  contrary  to  common  experience: 

’Tis  related,  that  in,  or  near  the  little  Danifo  ifland  Hueena , where 
the  famous  Tycho  built  his  Urani-Burgum , there  is  a fpring  among 
many  ordinary  ones,  that,  even  in  rhe  coldeft  winter,  is  never  frozen  5. 
which,  in  thefe  regions,  happens  exceeding  rarely.  Olaus  Magnus  alfo  re- 
lates, that  in  another  part  of  the  king  of  Denmark’s  dominions,  viz.  Nidrofta , 
one  of  the  chief  cities  of  Norway , there  is  a lake  that  never  freezes. 
And  the  learned  Jofephus  Acofta  tells  us,  that,  among  a very  great  number 
of  hot  fprings  to  be  met  with  in  Peru , “ there  is  a courfe  of  water, 

“ at  the  baths,  which  they  call  the  baths  of  Ingua , which  comes  out 
“ all  hot  and  boiling,  and  that  joining  to  it,  there  is  another,  whofe 
“ water  is  as  cold  as  ice.”  He  adds  “ that  the  Peruvian  emperor,  was 
“ accuftomed  to  temper  the  one  with  the  other  ; and  that  it  is  won- 
“ derful  to  fee  fprings  of  fuch  contrary  qualities,  fo  near  one  to  ano- 
“ ther.”  Hence  it  fhould  feem,  that  fprings  may  obtain  very  peculiar 
and  ftrange  qualities  from  the  nature  of  the  places  through  which 
they  pafs,  or  from  other  caufes.  And  who  knows  what  intereft  fuch 
eaufes  as  we  are  ftrangers  to,  may  have  in  fome  phenomena,  that  are 
wholly  afcrib’d  to  the  heat  and  cold  of  the  fuperficial  part  of  the 
ground  ; and  what  effedl  they,  have  upon  many  other  fprings  fome  of 
which  that  are  very  deep,  rife,  perhaps,  from  the  warm  region  of  the 
earth,  and  are  there  affedted  by  the  place  •,  as  both  thefe  and  others 
may  be  by  unknown  mineral  juices  and  fleams  •,  tho’  vre  well  know,  that 
fome  of  them,  which  are  faline,  without  being  at  all  fenfibly  hot,  will 
powerfully  refill  congelation  ? 

But  the  fmoaking  of  waters  drawn  from  deep  places  in  frofty  weather, 
does  not  neceffarily  infer  fuch  water  to  be  warmer  in  wunter  •,  fince' 
that  effedl  may  proceed  not  from  the  greater  warmth  of  the  water, 
in  fuch  weather,  but  from  the  greater  coldnefs  of  the  air.  For 
a man’s  breath  in  furnmer,  or  in  mild  winter  weather,  becomes  very 
vifible ; the  cold  ambient  air  fuddenly  condenfing  the  fuliginous  fleams, 
di fc barged  by  the  lungs  •,  tho’  in  warmer  weather,  they  are  readily  diffufed 
in  imperceptible  particules  through  he  air.  And  I have  obferved 
upon  the  opening  of  iffues  in  fome  mens  arms,  that  tho’  no  fmoak 
be  vifible  in  furnmer,  it  will  be  very  confpicuous  in  exceeding  fharp 

weather. 
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ysics.  weather,  tho’  the  arms  feem  to  have  lefs  heat  in  frofty  weather,  than 
in  fummer  *,  fince  in  the  former  feafon,  they  are  manifeftly  more  (lender,  the 
defhy  parts  and  juices  being  condenfed  by  the  coldnefs  of  the  air.  And 
tho’  the  infenfible  tranfpirations,  continually  made  from  all  the  parts 
of  our  bodies,  are  not  vifible  here,  even  in  winter  ; yet  in  extremely 
cold  countries,  as  Nova  Zembla , or  Charleton  i(land,  thofe  effluvia  have 
been  obferved,  not  only  to  be  thickned,  but  to  be  turned  into  ice 
it  felf,  fometimes  within-fide  the  failors  ihoes.  And  here  in  England , 
having  lately  employ’d  a labourer  to  dig  a deep  pit  in  very  frofty  weather, 
two  fervants  of  mine,  who  Hood  by  to  fee  him  work,  allured  me,  when 
they  returned,  that  the  fteams  of  his  heated  body  were  frozen  upon  the  out- 
fide  of  his  waiftcoat. 

And  feeing  how  faff  the  water  in  ponds  and  ditches,  wades  in  fummer, 
there  is  no  caufe  to  doubt,  that  it  then  continually  exhales  away  more  plen- 
tifully, than  in  winter ; nay,  in  the  fummer,  we  often  fee,  in  the  mornings 
or  evenings,  the  face  of  the  water  cover’d  with  a mid  or  fmoak,  that  riles 
out  of  it.  And  I have  fometimes  obferved  this  aggregate  of  exhalations  to 
hover  over  the  water,  and  make,  as  it  were,  another  river  of  a lighter  liquor, 
that  conform’d  it  felf,  for  a confiderable  way,  to  the  breadth  and  winding  of 
the  dream  whence  it  proceeded.  And  I think  it  will  be  eadly  granted, 
that  the  water  in  fummer  time  is,  at  lead,  as  warm  at  noon,  when  fuch  ex- 
halations are  not  vifible,  as  in  the  morning  when  they  are,  tho*  the  air  be 
colder  at  this  part  of  the  day,  than  at  that ; which  obfervation  gives  us  the 
true  reafon  of  the  phenomenon. 

And  tho’  notwithdanding  all  this,  it  were  made  to  appear,  that,  in  fome 
cafes,  the  fmoaking  water  of  fprings,  may  be  really  warmer  in  winter 
than  in  fummer  ; yet  a fufficient  reafon  of  the  phenomenon  appears 
from  what  I have  already  delivered  above  the  detention  of  the  warm 
fubterraneal  vapours  by  the  frod,  fnow,  and  rain,  that  render  the 
earth  lefs  perfpirable  in  winter. 

That  there  arife  large  warm  deams,  from  the  lower  parts  of  the  earth 
may  be  proved,  not  only  by  what  is  already  mentioned  of  the  Hungarian 
mines,  but  by  the  common  complaint  of  diggers  in  mod  deep  ones, 
who  fay  they  are  often  troubled,  and  fometimes 'endangered  by  fudden 
damps,  which  frequently  fo  duff  up  and  thicken  the  fubterraneal  air, 
as  to  make  it  not  only  unfit  for  refpiration,  but  able  to  extinguifh 
their  lamps  and  candles.  And  I have  vifited  mines,  where  inquiring 
of  the  diggers,  whether  thofe  hot  exhalations,  that  compofe  their 
damps,  did  not  fometimes  actually  take  fire  within  the  bowels  of  the 
earth,  they  anfwered,  that  in  fome  of  their  pits,  and  particularly  in 
one  they  fhew’d  me,  they  did  ^ when,  the  exhalation  fuddenly  kindling, 
would  make  a report  at  the  mouth  of  the  pit  like  a mufquet  and  that 
the  dame  would  actually  burn  off  the  hair,  and  fcorch  the  fkins  of  thofe 
workmen,  who  did  not  feafonably  get  out  of  the  pit,  when  the  exhalation 
appeared  to  be  near  kindling  or  did  not  fuddenly  fall  down  dat  with 
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their  Faces  to  the  ground,  till  the  flame  was  extinguifhed.  And  one  Physics 
of  thefe  workmen  affirmed  himfelf  to  have  been  feveral  times  fo  bur- 
ned,  and  even  twice  in  one  day.  And  itfeems  to  me,  as  well  as  to  Mo - 
rinusy  very  probable,  that  thofe  great  quantities  of  rain,  fnow,  and 
(forms,  and,  perhaps,  fome  other  meteors,  taken  notice  of  in  winter, 
may  rather  confift  of  thefe  fubterraneal  fleams,  than  the  vapours  and 
exhalations  attradfed  by  the  fun.  For  the  fun’s  heat  is  then  very  lan- 
guid, and  adfs  upon  the  ground  only  during  the  day  time,  which  is 
very  (fiort  •,  whereas  thofe  meteors,  are  generated  indifferently  at  all 
hours  of  the  day  and  night  ; and  the  Iky  is  often,  for  many  days 
together,  quite  overcaft  with  clouds,  and  the  furface  of  the  ground 
fo  bound  up,  that  it  will  fometimes  freeze,  even  in  the  fun-fliine : 
whence  ’tis  not  by  much  fo  likely,  that  the  heat  of  the  fun,  in  the  mjdff 
of  all  thefe  difad  vantages,  (hould  elevate  fo  great  a plenty  of  exhala- 
tions and  vapours,  as  is  requifite  to  compofe  the  rain,  fnow  and  (forms, 
which  fometimes  laft  almoft  all  the  winter,  as  that  they  fhould  be  fup- 
plied  by  fubterraneal  (teams,  plentifully  fent  up  by  the  heat  that  continal  * 
ly  reigns  in  the  lower  parts  of  the  earth,  and  by  traverfing  the  fea,  and  at 
other  vents,  get  up  into  the  air. 

And  agreeably  to  this  dodtrine  Morinus  was  told,  by  the  mafters  of 
the  mines  in  Hungary , which  are  as  deep  as  any  I have  feen  or  read 
of,  that  the  miners  were  able,  certainly,  to  foretel,  fooner  than  any 
other  men,  the  tempefts  and  fudden  alterations  that  were  to  happen  in 
the  air,  from  finding  their  lights  burn  blue,  and  from  other  manifeft 
figns,  in  their  grooves,  of  a large  tempeftuous  damp  afcending  from 
the  lower  parts  of  the  earth,  tho*  the  (ky  above  were  clear,  and  the 
air  edm.  And  an  ingenious  phyfician,  who  lived  many  years  in 
Cornwall , told  me,  that  many  experienced  fi(her-men  afiured  him  they 
often  perceived  fires  fhining  in  the  night,  fometimes  in  one  place, 
fometimes  in  another,  which  were  fuppofed  to  be  kindled  by  the  ful- 
phureous  and  other  fubterraneous  exhalations  ; and  that,  when  they  faw 
thofe  fires,  efpecially  if  any  number  appeared  in  feveral  places  ; even 
fjch  as  were  well  accquainted  with  the  coaff,  would  not  continue 
long  out  at  fea,  but  rather  quit  an  opportunity  of  catching  fifh,  than 
not  make  hafte  to  fhore  *,  having  often  obferved,  that  bold  and  unexpe- 
rienced mariners,  by  flighting  thefe  figns,  were,  in  a few  hours,  caught 
in  a tempeft. 

And  fome  years  fince,  upon  the  Irifo  coaft,  near  a ftrong  fortrefs,  called 
Duncannony  where  many  of  his  majefty’s  (hips  lying  at  anchor,  no  dan- 
ger from  the  wind  being  apprehended,  there  feemed  fuddenly  to  afcend 
out  of  the  water,  not  far  from  them,  a black  cloud,  in  fhape  and  bignefs 
like  a barrel,  which  mounting  upwards,  was  foon  followed,  as  the  molt 
experienced  pilot  foretold,  with  fo  hideous  a ftorm,  as  forced  thole 
fliips  to  put  again  to  fea.  And  this  account  was  both  written  by  the  prin- 
cipal officers  of  the  fquadron,  to  their  fuperiors  in  Englandy  and  given 
foon  after  it  happened,  by  the  chief  of  thofe  eye-witiielfes,  and  parti- 
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Physics,  cularly  by  the  pilot,  to  a very  near  kinfman  of  mine,  who  commanded 
the  land  forces  in  that  country. 

?Tis  alfo  faid,  that  not  far  from  the  city  of  Buda , there  is  a hot 
fpring,  called  purgatory,  which  the  waters  of  the  Danube  it  felf  are  not 
able  to  keep  cool  ; nay,  within  the  very  banks,  betwixt  which  that  great 
river  runs,  there  boil  up  fprings,  which  in  their  lower  parts  are  intole- 
rably hot.  And  having  heard  of  a ditch  in  the  north  of  England , whence 
.not  only  fubterraneal  fteams,  but  thofe  fo  fulphureous  as  to  be  eafily  in- 
flammable, conftantly  and  plentifully  afcended  into  the  air,  I inquired 
about  it  of  the  minifter  of  the  place,  who  was  well  verfed  in  mines ; 
and  he  attefted  the  truth  of  the  relation  upon  his  own  knowledge.  It 
was  alfo  confirmed  to  me  by  a very  ingenious  gentleman,  who  went  pur- 
pofely  to  vifit  this  place,  and  found  it  true,  that  a lighted  candle,  being 
held  where  the  exhalation  ifliied  out,  would  give  fire  thereto,  and  make  it 
actually  flame  for  a confiderable  time.  And  as  this  place  was  but  lately 
taken  notice  of,  there  may  probably  be  very  marty  others,  yet  undis- 
covered, that  fupply  the  air  with  ftore  of  mineral  exhalations,  proper 
to  generate  fiery  meteors  and  winds.  A great  fearcher  after  mines  told 
me,  ’tis  very  ufual,  in  fome  places,  where  he  is  concerned  in  that  af- 
fair, to  fee  certain  great  fires  moving  in  the  air,  which  the  diggers 
call  dragons.  And  the  Ruffian  emperor’s  phyfician  inform’d  me,  he  had 
obferv’d,  in  winter,  a river  in  Mufcovy , where,  tho’  the  reft  of  the  fur- 
face  was  frozen,  there  was  a part  of  it  near  a mile  long,  that  remain’d 
uncovered  with  ice,  which,  probably,  was  kept  from  being  generated 
by  thofe  fubterraneous  exhalations  ; fince,  he  fays,  he  faw  them  afeend 
up  all  the  way  like  the  fmoak  of  an  oven.  And  in  cafe  the  matter 
of  fadt  delivered  by  Olaus  Magnus  be  true,  concerning  the  ftrange  thaws 
that  fometimes  happen,  with  a terrible  noife,  in  the  great  lake  Veter , thofe 
wonderful  phenomena  may  not,  improbably,  be  aferibed  to  the  large 
afeent  of  hot  fubterraneal  fteams,  which  fuddenly  bracking  thick  and 
folid  ice,  in  many  places  at  once,  produce  the  hideous  founds,  and  the 
hafty  thaw  he  fpeaks  of.  And  this  fufpicion  may  be  countenanced 
from  hence,  that  before  thefe  fudden  thaws,  the  lake  begins,  with  great 
noife,  to  boil  at  the  bottom  ^ and  alfo  from  what  is  related  by  a more  au- 
thentic writer,  the  Jefuit  Martinius , who  declares,  that  at  Pekin , the  capital 
of  China , ’tisvery  ufual,  after  the  rivers  and  ponds  have  continued  hard  fro- 
zen over,  during  the  winter,  for  the  thaw  to  be  made  in  one  day  •,  which,  fince 
the  freezing  of  the  waters,  as  he  tells  us,  required  many,  makes  it  very  pro- 
bable, that  the  fudden  thaw  is  eftedted  as  he  alfo  inclines  to  think,  by 
fubterraneal  fteams  ; which  may  well  be  fuppofed  exceeding  large,  and 
to  diffufe  themfelves  every  way  to  a very  great  extent,  fince  they  are 
able  fo  foon  to  thaw  the  rivers  and  ponds  of  a large  territory  : and,  which 
makes  greatly  for  our  purpofe,  they  begin,  contrary  to  vulgar  thaws,  from 
the  bottom  upwards. 

Since  then  the  lower  parts  of  the  earth,  fend  up  great  plenty  of  ex- 
halations and  vapours  to  the  upper,  ’tis  obvious,  that  as  in  feveral  places 
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thefe  fleams  get  into  the  air,  cither  thro’ vents,  or  by  growing  flrongPH 
enough  to  force  themfelves  a paffage  \ fo  in  mofl  others,  where  the v— ’ ■ 
afcending  fleams  find  no  commodious  vents,  or  are  too  faintly  driven  up 
to  force  themfelves  a pafifage,  they  mufl  be  reprefs’d  or  detained  below 
the  furface  of  the  earth,  which  has  its  pores  in  winter  ufually  block’d 
up  with  fnow  or  rain,  or  its  furface  conflringed  and  hardned  with  ice 
or  frofl ; fo  that  thefe  exhalations  being  pent  in,  and  continually  re- 
ceiving frefli  fupplies  from  beneath,  ’tis  no  wonder,  if  they  fhould  warm 
deep  cellars  and  wells,  where  they  are  thus  detained  : and  therefore  our 
hufbandmen  fpeak  rationally,  when  they  fay,  that  the  fnow  keeps  the 
ground  warm.  Dr.  Smithy  the  learned  Englifh  ambafiador  to  Mofcow , 
makes  it  to  be  one  of  the  principal  reafons  of  the  great  fertility  of  the  coun- 
try thereabout,  that,  during  almofl  all  the  winter,  the  ground  is  to  a 
great  height  covered  with  fnow ; which  not  only  enriches  it  by  the 
fertilizing  fait  the  earth  gains  from  the  fnow,  when  that  comes  to  be 
melted  *,  but  alfo  contributes  to  its  improvement,  by  obftrudling  the 
pores,  at  which  the  nitro-fulphureous,  and  other  ufeful  corpufcles,  that 
are  fent  up  by  the  fubterraneal  heat,  would  eafily  get  away.  And  the 
Ruffian  emperor’s  phyfician  has  allured  me,  that  about  Mofcow , where  the 
furface  of  the  ground  is  far  more  bound  up  in  winter,  than  ’tis  in  thefe 
parts  *,  and  where  they  keep  their  cellars  much  clofer  \ the  fubterraneous 
exhalations  being  hinder’d  from  flying  abroad,  will,  in  time,  multiply 
fo  fall,  that  upon  the  unwary  opening  of  their  doors,  which  have  been  long 
kept  fhut,  there  would  fally  out  a very  thick  warm  fmoak,  which  has 
fometimes  brought  men  in  danger  of  fuffocation. 

I mufl  not,  however,  conceal  an  experiment  or  two  I have  met  with, 
which  feem  to  fhew,  that  fubterraneal  places*  are  really  hotter  in  winter* 
than  in  fummer. 

The  learned  jefuit  Zucchius , allures  us,  that  having  kept  a good  feal’d 
weather-glafs,  for  three  years  together,  in  a cellar,  he  found  the  water  to 
rife  by  the  coldnefs  of  the  ambient  air  in  the  fummer,  and  to  be  de- 
preffed  by  the  rarifadiion  of  it  in  the  winter  *,  which  feems  undeniably 
to  prove  that  whatever  be  the  reafon  of  it,  the  heat  in  fubterraneal 
places  is  indeed  greater  in  winter  than  in  fummer.  And  another  jefuit 
affirms,  he  found  by  a weather-glafs,  that  a well  at  the  place  where  he 
lived,  was  colder  in  fummer,  and  hotter  in  winter. 

’Tis  not,  however,  univerfally  true,  that  cellars,  and  other  fubterraneal 
places,  are  hotter  in  winter  than  in  fummer.  For  my  own  obfervations, 
made  in  a cellar,  with  a fealed  weather-glafs,  manifefl  the  contrary.  I 
would,  therefore,  make  a diftindtion  of  fubterraneal  places  •,  for  fome  are 
deep,  as  the  befl  fort  of  cellars ; others  deeper  yet,  as  the  Hungarian 
mines,  mention’d  by  Morinus  *,  and  fome  again  are  but  ffiallow,  as  man£ 
ordinary  cellars  and  vaults  : of  thefe  three  forts  of  fubterraneal  places, 
the  deepeft  of  all  do  not  feem  to  grow  hot  and  cold,  according  to  the  4 
feveral  feafons  of  the  year,  as  the  vulgar  dodtrine  of  antiperiftafis  re-  \ 
quires  j but  are,,  according  to  fome  minerialifts,  continually  hot : the 
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Physics,  (hallower  fort  of  fubterraneal  places,  being  fenced,  from  the  outward  air, 

'^**~'r**—>  are  not  fo  fubjedt  to  the  alterations  of  it,  as  open  places  •,  yet,  by  reafon 
of  their  vicinity  to  the  furface  of  the  earth,  they  are  fo  far  affedted 
with  the  mutations,  whereto  the  outward  air  is  liable,  in  feveral  feafons 
of  the  year,  that  in  winter,  though  they  be  warm  in  refpedt  of  the 
colder  air  abroad,  yet  they  are  really,  as  far  as  I have  try’d,  colder  in 
very  cold  weather,  and  lefs  cold  in  warm  weather.  Thus  the  Polonian 
nobleman,  formerly  mentioned,  allured  me,  that,  in  his  country,  fliarp 
winters  would  freeze  fmall  beer  in  cellars,  that  were  not  very  deep,  tho’ 
it  continued  fluid  in  thofe  that  were.  And  the  anonymous  jefu it  lately 
mentioned,  acknowledges,  he  found  but  little  difference  between  the 
temperature  of  the  water  in  the  well  he  examined  in  fummer,  and  in 
winter,  tho’  it  were  a conflderably  deep  one  •,  and  adds,  that  at  Florence , 
when  the  fubterraneal  vaults  are  fhallower,  the  air  is  obferved  to  be 
colder  in  winter  than  in  fummer  *,  tho*  the  contrary  has  been  found  in  the 
deep  cellars  at  Rome . So  that  the  loweft  fort  of  fubterraneal  cavities 
being,  for  ought  apperas,  perpetually  hot  •,  and  the  upper  or  fhallower 
fort  of  them,  being  colder,  not  hotter  in  cold  weather  than  in  warm  ; 
’tis  about  the  temperature  of  the  middle  forts  of  them,  fuch  are  the 
deeper  and  better  cellars,  that  the  queftion  remains  to  be  determined. 

We  muft  next  conflder,  that  ’tis  not  fo  eafle  a matter  as  philofophers 
think,  to  make,  with  the  weather-glafles  hitherto  in  ufe,  an  experi- 
ment to  our  prefen t purpofe,  that  fhall  not  be  liable  to  fome  exception, 
efpecially  if  the  cellar,  or  well,  be  very  deep.  For  the  gravity  of  that 
thick  and  vapid  fubterraneal  air,  and  the  greater  preflure  which  the 
air  may  there  have,  by  prefling  in  an  atmofpherical  pillar,  lengthened 
by  the  depth  of  the  ceMar,  may,  in  very  deep  cavities,  as  well 
alter  the  height  of  the  water  in  common  weather-glafles,  as  heat  and 
cold  *,  and  fo  make  it  uncertain,  when  the  mutation  is  to  be  afcribed  to 
the  one,  and  when  to  the  other  *,  or  at  lead  very  difficult  to  determine 
diftindtly,  what  fhare  is  due  to  the  preflure,  and  what  to  the  tempera- 
ture of  the  air.  And  this  uncertainty  is  much  increafed,  by  confider- 
ing,  that  not  only  in  places  where  the  heights  of  the  atmofpherical 
cylinders  differ,  the  preflure  of  the  air  upon  the  ftagnant  water  in  the 
weather-glafles  may  do  fo  too  5 but  even  in  the  fame  place  the  inflru- 
ment  remaining  unmoved,  the  preflure  of  the  atmofphere  may,  as  I 
have  often  obferved,  loon  alter  conflderably,  and  that  without  any 
conftant  and  manifeft  caufe  •,  fo  that  an  erroneous  eftimate  of  the  tem- 
perature of  the  air,  can  fcarce  poflibly  be  avoided,  without  the  help 
of  a fealed  weather-glafs,  where  the  included  liquor  is  fubjedt  to  be 
affedted  by  heat  and  cold,  and  not  preflure  of  the  air.  To  apply  this 
to  Zucchius  his  experiment*,  unlefs  he  made  his  obfervations  with  the 
affiftance  of  a fealed  weather-glafs,  it  may  be  fufpedted,  that  he  might 
accidentally  find  the  water  in  a common  one,  (which  he  appears  to  have 
us’d,  as,  probably,  knowing  no  other,)  to  be  higher,  when  he  look’d  on 
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it  in  fummer,  than  in  winter  ; not  becaufe  really  the  fubterraneal  air 
.was  colder  in  the  former  feafon,  than  in  the  latter  ; but  becaufe  the 
atmofphere  chanced  then  to  be  heavier.  And  confidering  in  how  few 
hours,  I have  fometimes  obferved  the  quick-filver,  both  in  a good 
barometer,  and  even  in  an  unfeal’d  weather-glafs  furniflied  with  quick- 
filver,  to  rife  almofl  an  inch  perpendicularly,  without  any  manifefl 
caufe  proceeding  from  cold  ; I cannot  think  it  impoflible,  that  in  long 
weather-glaffes,  furnifhed  only  with  water,  or  fome  fuch  liquor,  the 
undifcerned  alterations  of  the  atmofphere’s  preffure,  may  produce  very 
notable  ones  in  the  height  of  the  water  in  fuch  inftruments.  But  far- 
ther, Zucchius  having,  for  ought  appears,  made  his  obfervations  only  in 
one  place,  we  are  not  fure,  that  it  was  not  one  of  thofe  whereon  fubter- 
raneal exhalations  have  a peculiar  and  confiderable  effed  *,  as  happens 
in  the  great  and  fudden  thaws,  that  fometimes  begin  from  the  bot- 
tom, and  thereby  argue  their  being  produc’d  by  fleams,  afcending  from 
the  lower  parts  of  the  terreflrial  globe  ; which  may  be  farther  confirm’d 
by  what  was  formerly  noted  of  the  fudden  damps  happening  in  mines. 
But  what  is  of  the  mofl  importance,  the  learned  Maignan  had  the 
fame  curiofity  as  Zucchius , but  with  very  different  fuccefs  \ and,  there- 
fore, this  inquifitive  perfon  rejeds  the  vulgar  dodrine  of  antiperiflafis, 
upon  account  of  two  experiments.  For,  firfl,  he  fays,  he  found  with 
a thermometer,  that  when,  in  winter,  a cold  northerly  wind  froze  the 
water  without  doors,  it  was  no  lefs  cold  in  wine-cellars,  than  in  the 
fame  feafon,  and  at  the  fame  hour  of  the  day  in  his  fludy  •,  only  the 
paper-fhuts  of  his  window,  that  regarded  likewife  the  north,  being  put 
to.  And  thefe  cellars  too,  it  feems,  were  of  the  very  befl  of  the  kind, 
wherein  the  greatefl  cold  was  felt  fummer.  But  his  next  experiment 
is  yet  more  confiderable.  “ I found,”  fays  he,  “ with  a very  exad 
“ thermometer,  that  the  greatefl  coldnefs  of  fome  excellent  wine-vaults, 
“ in  the  mofl  vehement  heat  of  the  fummer,  was  not  equal  to  that  they 
“ had  in  the  winter  * tho’  the  former  feem’d  much  the  mofl  fevere  to  fenfe.” 

Thus  far  our  learned  author,  who,  feeming  by  the  mathematical  part 
of  his  Perfpettiva  Horaria , to  be  an  accurate  and  induflrious  obferver, 
we  may  oppofe  his  experiment  to  that  of  Zucchius , which  it  flatly 
contradids  * and,  therefore,  fince  the  depth  of  the  cellar  is  of  great 
moment  in  experiments  of  this  nature  \ fince  alfo  the  particular  parts 
of  the  place  or  foil,  where  the  cellars,  or  other  cavities,  happen,  may, 
in  fome  cafes,  deferve  to  be  confider’d  ; and  fince,  laflly,  neither  Zuc- 
chius , or  Maignan , feem  to  have  been  aware  of  the  differing  weights  of 
the  atmofphere  in  the  fame  place  I fhall  determine  nothing  pofitively, 
till  the  experiment  has  been  carefully  made,  for  a competent  fpace  of 
time,  in  feveral  places,  and  that  not  with  common  weather-glaffes,  but 
with  fealed  thermometers. 

Having  thus  fhewn,  that  tho’  experience  be  fo  confidently  appeal’d 
to,  by  the  maintainers  of  antiperiflafis,  yet  nothing  confiderable  to 
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Physics.  Favour  their  caufe,  has  been  hitherto  drawn  from  thence;  I fhall  next 
fhew,  that  it  bears  witnefs  againft  them. 

I took  an  iron  rod,  about  the  bignefs  of  a man’s  finger,  having  at 
one  end  of  it  a very  broad  and  thick  piece  of  iron,  lhaped  almofl  like 
a fpatula,  that  the  quantity  of  the  matter  might,  upon  the  ignition  of 
the  iron,  make  the  heat  very  confiderable : then  caufing  this  thick 
end  to  be  made  red  hot  in  the  fire,  and  having  fuddenly  quench’d  it  in 
cold  water,  I could  not  perceive,  that  the  other  end  of  the  rod,  by 
which  it  was  held,  grew  at  all  fenfibly  hot,  as  a favourer  of  antiperi- 
flafis  would  have  expedted  it  fhould  do,  to  a very  high  degree ; as 
prefuming,  that  the  innumerable  particles  of  heat,  which  fwarmed  in 
the  compadl  body  of  the  red  hot  part  of  the  iron,  muft,  to  fly  the 
cold  of  the  water,  retire  in  throngs  towards  the  other  extreme  of  the 
iron,  and  make  it  exceedingly  hot.  And  left  any  pre-exiftent  warmth 
fhould  hinder  me  from  perceiving  an  increafe  of  heat,  in  cafe  any 
were  produced  in  the  handle  of  the  iron,  I caus’d  it,  the  next  time  the 
trial  was  made,  to  be  kept  in  cold  water,  yet  even  then  the  im- 
merfton  of  the  broad  ignited  end  in  the  cold  water,  brought  as  little 
fenfible  heat  to  the  other  end,  as  it  had  done  before  : and  having 
caus’d  the  experiment  to  be  made  by  another,  it  fucceeded  with  him 
as  it  had  done  with  me. 

Again  ; I took  an  excellent  feal’d  weather-glafs,  fourteen  inches  long, 
Furnifhed  with  good  fpirit  of  wine,  and  having  provided  an  open  mouth’d 
glafs,  of  a convenient  fliape  and  fize,  and  fill’d  it  to  a due  height  with 
common  water,  I fo  ordered  the  matter,  that  the  ftem  of  the  thermo- 
meter being  fupported  by  the  cork,  into  which,  by  a perforation,  it  was 
inferted,  when  the  glafs  was  flopp’d  by  the  cork,  the  whole  ball  of 
the  thermometer  was  immers’d  in  the  water,  that  fill’d  the  wide- 
mouth’d  glafs,  and  no  where  touched,  either  the  bottom  or  the  fides 
of  the  glafs,  fo  that  the  ball  was  every  way  furrounded  with  water. 
The  inftrument  being  thus  prepar’d,  we  obferv’d  at  what  ftation  the 
.furrounding  cold  water  had  made  the  tinged  fpirit  reft  in  the  thermo- 
meter *,  and  than  having  proved  a fit  proportion  of  warm  water,  in  a 
proper  veflfel,  I remov’d  the  inftrument  into  it,  and  plac’d  it  fo,  that 
the  liquor  reach’d  to  a convenient  height  on  the  outfide  of  the  open 
mouth’d  glafs:  but  tho*  I carefully  watch’d,  whether  the  heat  of  the 
external  water,  would  increafe  or  ftrike  inwards  the  cold  of  that  water, 
which  immediately  encompaffed  the  ball  of  the  weather-glafs ; yet  I 
perceived  no  fuch  matter,  the  tinged  fpirit  in  the  ftem  keeping  its 
ftation,  till  the  heat  having,  by  degrees,  been  diffus’d  thro’  the  cold 
water,  by  the  intervention  of  that,  now  warmed,  the  tinged  fpirit  in  the 
thermometer  began  to  afcend, 

And  to  reduce  the  other  part  too,  of  the  dodlrine  of  antiperiftafis, 
to  the  determination  of  an  experiment,  the  fame  thermometer  was 
plac’d  in  the  fame  wide-mouth’d  glafs,  juft  after  the  former  manner, 
only  inftead  ipf  the  cold  water,  that  which  immediately  furrounded  the 

glafs 
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glafs  was  Warm ; and  when  the  warmth  had  impell’d  up  the  fpirit,  till  its  Physics. 
alcent  began  to  be  very  flow,  I immers’d  the  inftrument  to  a convenient  -v— ■ 

depth  in  a yeffel,  that  contain’d  fome  very  cold  water,  mixed  with  feveral 
pieces  of  ice.  But  it  did  not  appear  to  me,  that  the  heat  of  the  water, 
which  immediately  encompafied  the  ball  of  the  weather-glafs,  was  at  all 
increafed,  by  that  liquor’s  being  furrounded  with  water  exceeding  cold ; 
for  the  languid  motion  of  the  fpirit  upwards,  was  not  hereby  fo  much 
as  fenfibly  accelerated,  but  rather  the  afcent  was,  by  the  chilnefs  of 
the  contiguous  water,  quickly  check’d,  and  the  afcending  fpirit  foon 
brought  to  fubfide  again.  And  for  fuller  fatisfaftion  in  the  phenomena 
of  this,  and  he  .former  experiment,  I obferved  them  more  than  once. 

XXVI. 

Mr.  Hobbs’ s theory  of  cold,  appears  fo  inconfiderate'.y  chofen,  and  Mr.  Hobbs’, 
fo  flightly  made  out,  that  I fhould  not  think  it  deferved  a particular  doririre  of  cold 
examination,  but  for  the  grand  air  wherewith  it  is  propofed.  Forf*am<'"v- 
he  talks  fo  much  of  demonftrations,  and  fets  himfelf  fo  far  above 
the  molt  eminent  writers,  that  the  unwary  may  miftake  his  confidence  for 
evidence  •,  and  rather  accufe  their  own  underftanding,  than  diftruft  his 
do6trine. 

Mr.  Hobbs's  do&rine,  fo  far  as  relates  to  cold,  is  in  fubftance  this. 

The  motion  of  the  fun  between  the  tropics,  driving  the  air  towards  that 
part  of  the  earth’s  furface,  which  is  perpendicular  under  it,  makes  it 
fpread  it  felf  every  way  ; and  the  velocity  of  this  expansion  of  the 
air,  grows  gradually  greater,  as  its  circles  parallel  to  the  Atquator  be- 
come lefs.  Wherefore  this  expanfive  motion  of  the  air,  drives  before 
it  fuch  of  its  parts,  as  are  in  its  way  continually  towards  the  poles  more 
ftrongly,  as  its  force  comes  to  be  more  united ; that  is,  as  the  circles 
parallel  to  the  A Equator  are  lefs,  or  the  nearer  it  comes  to  the  poles  of 
the  earth.  In  thole  places,  therefore,  which  are  nearer  to  the  poles, 
there  is  a greater  cold,  than  in  thofe  which  are  more  remote  from 
them.  Now  this  expanfion  of  air  upon  the  fuperficies  of  the 
earth,  from  eall  to  weft,  by  reafon  of  the  fun’s  perpetual  arrival  to  the 
places  which  are  fuccelfively  under  it,  makes  it  cold  at  the  time  of  the 
fun’s  rifing  and  fetting  ; but  as  the  fun  comes  to  be  more  perpendicular 
to  thofe  cooled  places,  fo  by  the  heat,  which  is  generated  by  the 
fupervening  fimple  motion  of  the  fun,  that  cold  is  again  remitted,  and 
can  never  be  great  •,  becaufe  the  a£tion,  by  which  it  was  generated,  wss 
not  permanent.  This,  therefore,  is  a poffible  caufe  of  cold  in  thofe 
places,  that  are  near  the  pole,  or  where  the  obliquity  of  the  fun  is  great. 

Water  may  be  congealed  by  cold,  from  the  acftion  of  the  air  in  thofe 
parallels  which  rake  the  fuperficies  of  the  earth  ; and  that  with  a motion 
lo  much  the  ftronger,  as  the  parallel  circles  towards  the  poles  grow 
lefs.  From  whence  muft  arife  a wind,  which  will  force  together  the 

upper 
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Physics,  upper  parts  of  the  water,  and  withal  raife  them  a little,  weakning 
their  endeavour  towards  the  center  of  the  earth.  And  from  their 
endeavour  towards  the  center  of  the  earth,  joyned  with  the  endeavour 
ol  the  faid  wind,  the  upper  parts  of  the  water  will  be  prefled  together 
and  coagulated  ; that  is  to  fay,  the  top  of  the  water  will  be  fkinned 
over  and  hardened  *,  and  fo  again  the  water  next  the  top,  will  be  har- 
dened in  the  fame  manner,  till  at  length  the  ice  be  thick.  And  this 
ice  being  now  compacted  of  little  hard  bodies,  muft  alfo  contain  many 
particles  of  air  received  into  it.  And  as  rivers  and  feas,  fo,  in 
the  like  manner,  may  the  clouds  be  frozen.  For  when,  by  the  afcending 
and  defcending  of  feveral  clouds  at  the  fame  time,  the  air  intercepted 
between  them,  is,  by  compreflion,  forced  out,  it  rakes,  and,  by  degrees 
hardens  them.  And  tho’  thofe  fmall  drops,  which  ufually  make  clouds, 
be  not  yet  united  into  greater  bodies,  yet  the  fame  wind  will  be 
made  *,  and  by  it,  as  water  is  congeal’d  into  ice,  fo  will  vapours  in 
the  fame  manner  be  congeal’d  into  fnow.  From  the  fame  fame  caufe  it  is, 
that  ice  may  be  made  by  art,  and  that  not  far  from  the  fire  *,  which 

is  done  by  mixing  fnow  and  fait  together,  and  by  burying  it  in  a 

fmall  veflel  full  of  water  ; for,  when  the  fnow  and  fait,  which  con- 
tain a great  deal  of  air,  are  melting,  the  air  which  is  prefled  out 

every  way  in  wind,  rakes  the  fides  of  the  veflel  *,  and  as  the  wind  by 

its  motion  rakes  the  veflel,  fo  the  veflel,  by  the  fame  motion  and 

a&ion,  congeals  the  water  within  it. 

We  find  by  experience,  that  cold  is  always  more  remifs  in  places 
where  it  rains,  and,  ceteris  'paribus , where  the  weather  is  cloudy,  than 
where  the  air  is  clear.  For,  in  clear  weather,  the  courfe  of  the  wind, 
which  raked  the  fuperficies  of  the  earth,  as  it  is  free  from  all  inter- 
ruption, fo  alfo  it  is  very  ftrong.  But  when  fmall  drops  of  water  are 
either  rifing  or  falling,  that  wind  is  repell’d,  broken,  and  difllpated  by 
them  •,  and  the  lefs  the  wind  is,  the  lefs  is  the  cold. 

We  find,  alfo,  by  experience,  that  in  deep  wells  the  water  freezeth 
not  fo  much,  as  upon  the  fuperficies  of  the  earth.  For  the  wind,  by 
which  ice  is  made,  entring  into  the  earth,  lofeth  fome  of  its  force, 
tho’  not  much  *,  fo  that  if  the  well  be  not  deep,  it  will  freeze  •,  but  if 
it  be  fo  deep,  that  the  wind,  which  caufeth  cold,  cannot  reach  it, 
’twill  not  freeze. 

We  find,  moreover,  by  experience,  that  ice  is  lighter  than  water  ; 
the  caufe  whereof  is  manifeft  from  hence,  that  the  air  is  received  in, 

and  mixed  with  the  particles  of  the  water,  in  the  adl  of  congelation. 

To  examine  this  theory,  we  may,  in  the  firft  place,  obferve,  that 
Mr.  Hobbs’s  notion  of  cold,  is  not  accurately  delivered.  It  may  be  well 
queflion’d,  whether  the  external  tendency  of  the  fpirits  and  fluid  parts 
of  the  bodies  of  animals,  neceflarily  proceeds  from,  and  argues  heat  *, 
fince  in  our  pneumatical  engine,  when  the  air  is  withdrawn  from  about 
an  included  viper,  there  is  a great  intumefcence,  and,  confequently,  a 
greater  endeavour  of  the  fluid  parts  of  the  body  outwards,  than  we 
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fee  made  by  any  degree  of  heat  in  the  ambient  air,  ufually  produced  Ph  ysics. 
by  the  fun.  But  Mr.  Hobbs  tells  us,  that  to  cool,  is  to  make  tne  exter-  ^v**1*^ 
nal  parts  of  the  body  endeavour  inwards  ; yet  our  experiments  tell 
us,  that  when  a very  high  degree  of  cold  is  introduced,  not  only  into 
water,  but  into  wine,  and  other  liquors,  there  is  a plain  fwelling,  and, 
confequently,  an  endeavour  outwards  of  the  parts  of  the  body  cooled. 

And,  certainly,  cold  having  an  operation  upon  a great  multitude  and 
variety  of  bodies,  as  well  as  upon  our  organs  ; he  that  would  give  a 
fatisfadlory  definition  of  it,  muft  take  into  confideration  feveral  other 
effedls,  befides  thofe  it  produces  on  human  bodies.  And  even  in  thefe, 
he  will  not  eafily  prove,  that,  in  every  cafe,  any  fuch  endeavour  inwards 
from  the  ambient  aetherial  fubftance,  as  his  doctrine  feems  to  fuppofe, 
is  necefiary  to  the  perception  of  cold  : fince  as  the  mind  perceives 
feveral  other  qualities,  by  various  motions  in  the  nervous  or  membra- 
nous parts  of  the  organ  *,  fo  cold  may  be  perceived,  either  by  the 
decreafe  of  the  agitation  of  the  parts  of  the  objedl,  with  regard  to 
thofe  of  the  organ  ; or  elfe  by  a different  impulfe  of  the  fenfitive  parts, 
occafioned  by  fome  change  made  in  the  motion  of  the  blood  or 
fpirits,  upon  the  decay  of  that  motion  ; or  by  the  turbulent  velocity 
of  thofe  excrementitious  fleams,  which,  when  the  blood  circulates  as 
quick,  and  the  pores  are  kept  as  open  as  before,  are  difiipated  by 
infenfible  tranfpiration. 

*Tis  a known  thing,  that  many  hyflerical  patients  complain  of  a 
great  coldnefs  in  their  head,  or  other  parts,  and  fometimes  too  when 
they  feem  to  be  otherwife  hot.  And  I know  a nobleman,  who  falling, 
as  frequently  he  has  done,  into  a fit  of  the  Hone,  feels  an  univerfal  cold- 
nefs over  his  whole  body,  like  that  which  begins  the  fit  of  an  ague„ 

And  tho*  he  afiures  me,  that  the  flones,  which  he  ufually  voids,  are 
but  very  fmall  ; yet,  whilfl  the  fit  continues,  he  cannot,  by  cloaths,  or 
almoft  any  other  means,  keep  himfelf  warm. 

Hence  it  appears,  there  may  be  other  ways,  befides  thofe  already 
mentioned,  of  perceiving  cold,  tho*  the  outward  parts  of  our  bodies 
are  not  prefl  inwards.  Mr.  Hobbs  declares,  that  he  who  would  know 
the  caufe  of  cold,  muft  find  by  what  motion  the  external  parts  of  a 
body  endeavour  to  retire  inwards ; but  this  feems  an  inconfiderable 
diredlion.  For,  in  compreftions  that  are  made  by  furrounding  bodies, 
there  is  produced  an  endeavour  inward  of  the  parts  of  the  compreft 
body,  tho*  not  cold,  but  fometimes  heat  be  thereby  generated.  And, 

I hope,  Mr.  Hobbs  will  not  objedt,  that  in  this  cafe  the  parts  do  not 
retire,  but  are  thruft  inwards  *,  fince,  according  to  him,  no  body  at  all 
can  be  moved,  but  by  another  contiguous  and  moved.  And  this  may 
fuffice  to  fhew,  that  the  notion  of  cold,  in  general,  is  not  fo  eafie  to 
acquire  as  many  think  ; and  therefore  it  needs  be  no  wonder,  that  it 
hath  not  been  accurately  propofed  by  Mr.  Hobbs . In  the  next  place, 
the  caufe  he  afligns,  why  a man  can  blow  hot  or  cold  with  the  fame 
breath,  is  very  queftionable  becaufe  he  fuppofes  in  part  of  the  breath 
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Physics,  fuch  a fimple  motion,  as  he  calls  it,  of  the  lmali  particles  of  the  fame 

* * breath,  as  he  will  not  eafily  prove  •,  and  becaufe  that  without  the  fu- 

fpe&ed  fuppofition,  I could  give  a more  probable  account  of  the  phe- 
nomenon, if  I had  not  fome  fcruples  about  the  matter  of  fadl  itfelf : 
for  tho’  I am  not  fure,  that  farther  trials  may  fhew  the  wind  or  breath, 
blown  out  at  the  middle  of  the  compreffed  lips,  to  have  in  it.  fuch. 
a real  coldnefs,  as  men  generally  afcribe  to  it  ; yet  hitherto  fome 
trials  incline  me  to  fufpedt,  that  in  eftimating  the  temper  of  the  wind 
produc’d,  our  fenfes  may  impofe  upon  us.  For  having  taken  a very 
tender  feal’d  weather-glafs,  and  blown  upon  it  thro*  a long,  (lender 
glafs-pipe,  to  be  fure  that  my  breath  fhould  ifiue  out  in  a fmall 
ftream  * by  this  wind  beating  upon  the  ball  of  the  weather-glafs,  I 
could  not  make  the  included  fpirit  of  wine  fubfide  *,  but  it  manifeftly 
afcended,  tho’  the  wind,  that  I prefently  blew  thro’  the  fame  pipe,  feem’d 
fenfibly  cold,  both  to  the  hand  of  by-ftanders,  and  to  my  own,  which 
was  at  that  time,  more  than  ordinarily  cold.  But  whatever  be  the  caufe 
of  the  effect,  there  are  feveral  things  that  make  Mr.  Hobbs's  hypothefis 
of  cold  unfatisfa<ftory.  For  the  grand  caufe  he  aftigns  of  cold,  and  its 
effects,  is  wind  *,  which,  according  to  him,  is  air  mov’d  in  a confider- 
able  quantity,  and  that  either  forwards  only,  or  in  an  undulating  mo- 
tion : and  he  tells  us  too,  that  when  the  breath  is  more  ftrongly 
blown  out  of  the  mouth,  then  the  diredt  motion  is  prevalent  (over 
the  fimple  motion)  which,  according  to  him,  makes  us  feel  cold  •,  for, 
fays  he,  the  diredfc  motion  of  the  breath  or  air  is  wind,  and  all  wind 
cools  or  diminifhes  former  heat.  He  adds,  that  not  only  great,  but 
almoft  any  ventilation,  and  ftirring  of  the  air,  refrigerates.  But, 

1.  There  are  very  hard  frofts,  not  only  continued,  but  often  be- 
gun, when  the  air  is  calm  and  free  from  winds  : and  high  and  boi- 
fterous  foutherly  winds  are  not  here  found  to  be  near  fo  cold,  as  far 
weaker  winds  that  blow  from  the  north-eaft. 

2.  If  Mr.  Hobbs  teaches,  ’tis  the  diredt  motion  of  the  ftream  of 
breath,  if  more  ftrongly  blown  out,  that  makes  us  feel  cold,,  he  is 
obliged  to  aflign  a reafon,  why  in  an  aeolopile  with  a long  neck,  the 
ftream  that  iffues  out,  tho’  .often  far  ftronger  than  that,  which  is 
made  by  comprefling  the  lips,  at  a confvderable  diftance  from  the  ori- 
fice it  ilfues  out  of,  is  not  cold,  but  hot. 

3.  Mr.  Hobbs  elfe-where  teaches,  that  when  in  our  engine,  the  pump 
has  been  long  employ’d  to  exhauft  the  receiver,  there  muft  be  a ve- 
hement wind  produc’d  in  that  receiver  ; yet  by  one  of  our  experiments 
it  appears,  that  for  all  this,  in  a good  feal’d  weather-glafs  plac’d  there, 
before  the  included  air  began  to  be  emptied,  there  was  no  fign  of 
any  intenfe  degree  of  cold  produc’d  by  this  fuppos’d  wind  j fo  that 
either  the  wind  is  but  imaginary,  or  elfe  Mr.  Hobbs  afcribes  to  winds, 
a power  of  cooling,  that  does  not  belong  to  them. 

4.  We  find  by  experience,  that  in  hard  frofts  water  will  freeze,  not 
only  tho’  there  be  no  wind  ftirring  in  the  ambient  air,  but  tho’  the 

liquor 
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liquor  be  kept  in  a clofe  room,  where,  if  the  wind  were  high  abroad.  Physics. 
it  could  not  get  admittance.  And  fome  experiments  carefully  made  1 -v— 

have  afiur’d  us,  that  water  feal’d  up  in  one  glafs,  and  that  glafs  fu- 
fpended  in  another  carefully  ftopt,  to  keep  out  all  adventitious  air, 
may  neverthelefs  be  turn’d  into  ice. 

5.  We  found  by  other  experiments,  that  a frozen  egg,  tho*  fufpend- 
ed  in,  and  perfectly  furrounded  with  water,  where,  no  wind  cou’d  come 
at  it,  wou’d  be  every  way  crufted  over  with  ice ; in  which  cafe  there 
is  no  probability,  that  the  ice  fhould  be  generated  according  to  the 
way  propos’d  by  Mr.  Hobbs . For  he  will  fcarce  prove,  that  a wind 
pierc’d  the  fhell  and  clofer  coats  of  the  egg  to  get  into  the  contain’d 
liquors,  and  freeze  them  : and  a more  unlikely  aflertion  it  would  be, 
to  pretend,  as  he  who  maintains  Mr.  Hobbs* s dodtrine  mull,  that  fo 
very  little  air,  if  there  be  any,  as  is  mix’d  with  the  juices  of  the 
egg,  can  by  the  cold,  which  does  not  expand  air,  be  turned  into  a 
wind  fubtile  enough,  freely  to  penetrate  the  fhell  and  coats  of  the  egg, 
and  able  to  diffufe  itfelf  every  way,  and  turn,  on  every  fide,  the  neigh- 
bouring water  into  ice ; and  all  this,  tho*  it  appears  not,  by  bubbles 
breaking  thro’  the  water,  that  any  adventitious  air  comes  out  of 
the  egg  at  all  : and  fuppofing  fome  fuch  were  contain’d  in  the  egg, 
yet  what  fhadow  of  reafon  is  there  to  conceive,  that  the  air  which 
was  ingaged  in,  and  furrounded  with  the  fubftances  of  the  white,  and 
the  yolk  of  an  egg,  muft  needs  be  a wind  ; fince,  according  to  Mr. 

Hobbs , wind  requires  a confiderable  motion  of  moft  of  the  parts  of  the 
air  mov’d  the  fame  way  ; and  according  to  him  alfo  a body  cannot 
be  put  in  motion,  but  by  another  body  contiguous  and  mov’d  ? 

6.  Mr.  Hobbs , indeed,  affirms  that  all  wind  cools,  but  is  fo  far  from 

proving  that  the  higheft  degrees  of  cold  muft  needs  proceed  from 
wind,  that  he  does  not  fhew  all  winds  to  be  cool.  Nor  are  we  bound 
to  believe  it  without  proof  fince  wind  being,  according  to  him,  but 

air  mov’d  in  a confiderable  quantity,  either  in  a direct  or  undulating 

motion,  it  does  not  appear  how  motion  fhould,  rather  than  reft,  make 
air  grow  cold.  For  tho’  it  be  true,  that  winds  ufually  feem  cold  to 

.us,  yet  it  is  not  univerfally  true ; fince  fome,  who  have  travelled  in- 

to hot  countries^  and  particularly  the  learned  Alpinus , complains, 
that  the  winds  coming  to  them  in  the  fummer  from  more  torrid  re- 
gions, have  appear’d  to  be  almoft  like  the  fteam  that  ifliies  out  at  the 
mouth  of  a heated  oven.  And  ’tis  faid,  that  the  fouthern  winds  near 
Ormus , have  been  fometimes  fo  hot,  as  at  once  to  deftroy  an  army. 

But  even  when  the  wind  does  feel  cold  to  us,  it  may  often  do  fo  but 
by  accident  *,  for  the  fleams  that  iflue  out  of  our  bodies  being  ufually 
warmer  then  the  ambient  air ; and  the  more  inward  parts  of  our  bo- 
dies themfelves,  being  very  much  hotter  than  it ; the  fame  caules  that 
turn  air  into  wind,  put  it  into  a motion,  that  both  difplaces  the 
more  neighbouring  and  more  heated  air,  and  alfo  makes  it  pierce  far 
deeper  into  the  pores  of  the  fkin  ; whereby  becoming  fenfible  to 
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Physics,  thofe  parts,  that  are  fomewhat  more  internal  than  the  Cuticula , and 
far  more  hot  ^ the  air  turn’d  into  wind  feems  to  us  more  cold,  than 
the  ftagnant  air.  Thus,  tho’  air  blown  thro’  a pair  of  bellows  upon 
one’s  hand,  when  ’tis  in  a moderate  temper,  will  feem  very  cold  *,  yet, 
that  the  ambient  air  is  thus  turn’d  into  wind,  without  acquiring  fuch 
a cold  as  is  prefum’d,  may  appear  by  blowing  the  fame  air,  with  the 
fame  bellows,  upon,  weather-glafles  * for  in  doing  this,  we  could  not 
obferve,  that  the  wind  beating  upon  them  did  fenfibly  cool  either 
the  air,  or  the  liquor.  Tho*  ’tis  not  impoffible,  that  in  fome 

cafes  the  wind  may  cool  even  inanimate  bodies,  by  driving  away  a 
parcel  of  ambient  air,  impregnated  with  exhalations  lefs  cold,  than 
the  air  that  compofes  the  wind.  But  this  is  no  more  than  would 
be  affected,  if,  without  a wind,  fome  other  body  fhould  precipitate 
out  of  the  air,  near  the  weather-glafs,  the  warmer  effluvia  •,  efpeci- 
ally  if  the  precipitating  body  introduce,  in  the  room  of  the  difplaced 
particles,  fuch  as  may  be  juftly  term’d  frigorific. 

7.  Nor  can  we  admit,  without  a favourable  conftrudtion,  Mr.  Hobbs's 
expreffion,  that  ail  wind  cools  or  diminifhes  former  heat.  For  if  we 
take  heat  in  the  moil  common  acceptation  ; to  make  wind  the  ade- 
quate caufe  of  cold,  it  muft  in  many  cafes  do  more  than  diminiffl 
former  heat.  Water,  for  inftance,  ready  to  freeze,  is  already  actu- 
ally cold  in  a high  degree  *,  yet  the  wind,  according  to  Mr.  Hobbs , muft 
make  this  very  cold  liquor,  ftill  more  cold,  before  it  can  turn  into  ice. 

The  remaining  part  of  Mr.  Hobbs's  theory  of  cold,  may  now  be  foon 
difpatch’d,  the  greateft  part  of  it  being  to  fflew,  that  there  is  an  ex- 
panfion  of  the  air,  or  a wind  generated  by  the  motion  and  aCtion  of 
the  fun : but  why  this  wind  thus  generated  muft  produce  cold,  I do 
not  fee  that  he  proves  ; nor  does  his  affirming,  that  it  moves  towards 
the  poles,  help  the  matter.  For  we  have  ffiewn,  that  wind  is  not  fuffici- 
ent  to  produce  far  lefs  degrees  of  cold,  than  thofe  felt  in  many  northern 
regions  ; and  there  muft  be  fome  other  caufe  than  the  riiotion  of  the  air, 
or  fteams  driven  away  by  the  fun,,  to  make  bodies,  not  in  themfelves 
cold,  become  vehemently  fo  in  their  paftage.  For  Mr.  Hobbs  cannot,, 
as  other  naturalifts  do,  derive  the  coldnefs  of  freezing  winds  from  the 
cold  fteams  they  meet,  and  carry  along  with  them  in  their  paftage 
thro’  cold  regions  *,  ftnce  then  thofe  fteams,  rather  than  the  wind, 
would  be  the  caufe  of  that  vehement  coldnefs  and  fo  it  might  juftly 
be  demanded,  whence  the  coldnefs  of  thofe  cold  exhalations  proceeds. 

, Befid^s,  ’tis  very  precarious,  and  contrary  to  obfervation,  to  imagine  fuch 

a wind,  as  he  talks  of,  to  blow  whenever  great  frofts  happen  ; ftnce,. 
as  we  noted  before,  very  vehement  glaciations  may  be  obferv’d,  efpe- 
cially  in  northern  regions,  when  the  air  is  calm  and  ferene. 

The  account  he  gives  of  turning  water  into  ice,  is  the  1110ft  unfa- 
tisfa&ory  I ever  yet  met  with  : in  fuppoftng  that  by  the  endeavour 
of  the  wind  to  raife  the  parts  of  the  water,  join’d  with  the  endea- 
vour 
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vour  of  the  parts  of  the  water  towards  the  center  of  the  earth,  the  Ph 
upper  parts  of  the  water  will  be  preft  together,  and  coagulated,  he  v^- 
fays  that  which  is  very  far  from  fatisfa&ory.  For  ice  is  often  pro- 
duced, where  no  wind  can  come  to  beat  upon  the  upper  parts  of  the 
water,  and  to  raife  them : and  in  velTels  hermetically  feal’d,  which  ex- 
a<5Uy  keep  out  air  and  wind,  ice  may  be  generated,  as  our  experiments 
demonftrate.  And  this  alone  were  a fufficient  anfwer,  fince  the  whole 
explanation  is  built  upon  the  action  of  the  wind.  But  this  is  not  all, 
for  he  fhould  have  prov’d,  that  the  upper  parts  of  the  water  muft  be 
raifed  in  congelation  ; efpecially  fince  oil,  and  feveral  other  liquors,  are 
contracted  by  it.  And  what  fhew  of  probability  is  there,  that  by  the 
bare  endeavour  of  the  wind,  and  the  gravity  of  the  fuperficial  parts 
of  the  water,  there  Ihould  be  any  fuch  forcible  compreffion  made,  as 
he  takes  for  granted?  Yet  this  itfelf is  lefs  improbable  than,  fuppofing 
the  uppermoft  parts  of  the  water  to  be  prefted  together,  that  pref- 
fure  fhou’d  be  fufficient.  to  congeal  them  into  ice.  So  bold  and  un- 
likely an  aflertion  Ihould  at  leaft  have  been  countenanced  by  fome 
plaufible  realon,  or  parallel  example.  For  I remember  no  inftance, 
wherein  any  ‘degree  of  compreffion,  that  has  been  employ’d,  much 
lefs  fo  flight  an  one  as  this  muft  be,  confidering;  the  caufes  whence 
’tis  faid  to  proceed,,  can  harden  any  liquor  into  ice.  By  filling  a 
pewter  veftel  with  water,  and  when  ’tis  exactly  clos’d,  comprefiing 
it  by  blows  of  a hammer,  till  the  water  be  reduc’d  to  penetrate 
the  very  pewter,  we  found  not  that  fo  violent  a compreftion  gave 
the  water  the  leaft  difpofition  to  become  a hard  body.  And  as  for 
the  way  Mr.  Hobbs  advances  of  increafing  the  thicknefs  of  ice,,  ’tis 
very  difficult  to  conceive,  how  a cake  of  ice  on  tfie  top  of  the  wa- 
ter, being  hard  frozen  to  the  fides  of  the  containing  veftel,  and  there- 
by feparating  the  included  water  and  the  external  air,  the  wind  that 
cannot  come  to  touch  the  water,  becaufe  of  the  interpofition  of  the 
hard  and  rigid  ice,  fhould  yet  be  able,  fometimes  at  the  depth  of  ten 
feet,  or  more,  to  beat  upon  the  fubjacent  water,  and  turn  it  into  ice. 

And  it  is  yet  more  difficult  to  conceive,  how  the  wind  muft  do  all 
this,  when,  as  we  lately  noted,  the  water  very  often  gradually  freezes 
downwards,  to  a great  depth,  in  places  where  the  wind  cannot  come 
at  all.  And  as  to  what  Mr.  Hobbs  further  teaches,  that  the  ice  muft 
contain  many  particles  of  the  air  receiv’d  into  it,  we  have  formerly 
ihewn,  how  erroneoufiy  he  difcourles  about  thofe  icy  bubbles. 

The  reafon  he  aftigns  of  the  freezing  of  water  with  fnow  and  fait, 
is  as  little  fatisfactory  as  the  reft  of  his  theory.  He  affirms,  without 
proving  it,  that  fnow  and  fait  have  in  them  a great  deal  of  air;, 
and  very  precarioufiy  afterts,  that  this  air  muft  needs  be  preft  out 
every  way  in  wind,  and  fo  rake  the  fides  of  the  veftel  : ’tis  ftrange, 
that  far  more  diligent  obfervers  than  Mr.  Hobbs , ihould  take  no 
notice  of  any  fuch  wind,  if  any  fuch  wind  there  were.  But  this  is 
yet  lefs  ftrange  than  that,  this  wind  muft  fo  rake  the  fides  of  the 

veftel,. 
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Ph  ysics.  vefiel,  as  to  make  the  vefiel  by  the  fame  motion  and  aftion  congeal 
the  water  within  it.  For  what  affinity  is  there  between  a wind,  paf- 
fing  along  the  outfide  of  a glafs,  altogether  impervious  to  it,  and 
the  turning  a fluid  body,  included  in  that  glafs,  into  a hard  and  brit- 
tle one  ? The  wind,  indeed,  may  perhaps,  if  it  be  drong,  a little  fhake 
or  agitate  the  particles  that  compofe  the  glafs,  and  thofe  may  com- 
municate fome  of  their  motion  to  the  contiguous  parts  of  the  water  *, 
but  why-  all  this  mull  amount  to  the  turning  of  that  water  into  ice, 
is  more,  I confefs,  by  far,  than  I can  apprehend.  Tho’  you  long  blow 
upon  a glafs  of  water  with  a pair  of  bellows,  where  there  is  not  an 
imaginary  wind,  like  Mr.  Hobbs's,  but  a real  and  manifed  one  *,  yet  the 
water  will  be  fo  far  from  freezing,  that  it  will  fcarce  be  cool’d.  And 
if  fea-falt  -contain  fo  much  air,  by  vertue  of  which,  it,  as  well  as  the 
fnow,  produces  fo  intenfe  a degree  of  cold  ; how  chance  that,  being  dif- 
folv’d  in  a little  water  without  fnow,  it  does  not  produce  a confider- 
able  degree  of  cold  ? Befides,  in  the  experiment  we  made  of  freezing 
water  up  in  feal’d  bubbles *,  tho’  the  bubbles  were  fufpended  in  other 
glades,  whofe  fides  no  were  touched  them,  and  the  remaining  part 
of  whofe  cavities  were  fill’d,  fome  with  air,  and  fome  with  unconge - 
lable  liquors  *,  what  likelihood  is  there,  that  Mr.  Hobbs’s  infenflble  wind 
Ihould  be  able  to  occaflon  fo  many  fucceffive  rakings  thro’  different 
bodies,  as  there  muft  be,  to  propagate  the  congealing  motion  of  the 
wind,  thro’  the  firft  glafs,  to  the  included  air  or  liquor,  and  thro’  that 
new  medium  to  the  glafs  immediately  containing  the  water,  and  thro* 
that  to  the  innennoft  parts  of  the  water  feal’d  up  ? It  might  be  fur- 
ther objected,  if  it  were  worth  while,  that  Mr.  Hobbs  does  not  fo  much 
as  offer  at  a reafon,  why  fpirit  of  wine.  Aqua  fortis , or  even  brine,  if 
it  be  of  the  dronged  fort,  are  not  either  by  this  mixture,  or  (here 
in  England)  by  the  wind  in  the  open  air,  turn’d  into  ice. 

The  reafon  why  cold  is  more  remifs  in  rainy  or  cloudy  weather, 
than  in  that  which  is  more  clear,  feems  to  be  no  better  affign’d  by 
Mr.  Hobbs , than  by  others  who  have  written  before  him  : for  I have 
feen  great  and  lading  foods  in  cloudy,  and  fometimes  very  dark  wea- 
ther: and  what  he  talks  of  the  wind’s  being  more  drong  in  clear  wea- 
ther, than  in  cloudy,  is  of  no  great  importance  ; fince  common  expe- 
rience fliews,  that  in  clear  weather  the  air  may  be  very  cold,  and  the 

food  very  great,  where  no  wind  is  felt  to  rake,  as  he  would  have  it, 

the  furface  of  the  earth.  Nor  does  experience  bear  witnefs  to  what 
he  rafhly  pronounces,  that  the  lefs  is  the  wind,  the  lels  the  cold. 
There  are  but  two  phenomena  more,  which  Mr.  Hobbs  here  pretends 
to  explain-:  the  one  is,  that  in  deep  wells  the  water  freezes  not  fo 
much,  as  upon  the  furface  of  the  earth.  But  Mr.  Hobbs  has  not  right- 
ly afligned  this,  to  the  wind’s  entring  more  or  lefs  into  the  earth,  by 
reafon  of  the  laxity  of  its  parts  ; fince  it  is  very  improbable,  that  the 

wind  fliould  not,  as  he  fays  it  does  not,  lofe  much  of  its  force  by 

entring  into  the  earth  at  its  pores,  and  other  lefler  cavities,  to  fo 

great 
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great  a depth  as  water  Jies  in  feveral  wells,  fubjedf  to  freezing  : be- Physics. 
lides,  experience  teaches  us,  that  wells  may  be  frozen,  tho*  their 
mouths  be  well  covered,  and  the  wind  thereby  kept  from  approach- 
ing near  the  included  water  •,  and  very  many  wells,  that  are  fub- 
jedt  to  freeze,  when  northerly  and  eafterly  winds  reign,  will  like- 
wife  be  frozen  in  very  cold  winters,  whether  any  winds  blow,  or  not. 

The  lad  phenomenon  Mr.  Hobbs  attempts  to  lolve,  is  that  of  ice. 
being  lighter  than  water.  The  caufe  whereof,  fays  he,  is  manifeft 
from  what  I have  already  fhewn  ; namely,  that  the  air  is  receiv’d  in, 
and  mixed  with  the  particles  of  the  water  whild  congealing.  But 
that  this  is  not  the  true  realon,  may  be  argued  from  hence,  that  if 
a conveniently  fhap’d  glafs-veffel  be  quite  fill’d  with  water,  and  expos’d,, 
either  unfealki  or  feal’d,  to  congelation,  the  ice  will  contain  numerous, 
bubbles,  which,  at  lead  in  the  feal’d  veffel,  cannot  by  .Hobbs  ^ (who 
will  not  fay  that  glafs  is  pervious  to  the  air)  be  pretended  to  proceed 
from  bubbles,  that  got  from  without  into  the  water,  whilfl  it  was 
congealing.  And  we  have  man i felled,  by  particular  experiments  pur- 
pofely  made,  how  little  of  air  there  is,  even  in  thofe  bubbles  that  are 
generated  in  ice,  made  in  veffels,  where  the  air  was  not  kept  from  the 
w ater. 

Thus  we  have  feen,  that  mod  of  the  particulars  advanced  in 
Mr.  Hobbs's  theory  of  cold,  are  either  precarious  or  erroneous  ; and. 
were  they  neither,  yet  the  whole  would,.  I fear,  prove  very  infufficient. 

For  this  learned  author  has  pad  by  far  the  greated  part  even  of  the. 
more  obvious  phenomena  of' cold,  without  attempting  to  explain  them* 
or  to  fhew,  fo  much  as  in  a general  way,  that  he  had  confider’d  them* 
and  thought  them  explicable  by  his  hypothefis. 

XXVII. 


I will  not  undertake  to  prove  the  nature  of  cold  to  be  privative,,  but  whether  coldbe 
think  it  eafy  to  fhew,  that  the  arguments  produced  for  its  being  pofitive,.*/*?/*//™,  or 
are  not  conclufive.  ’Tis  laid  in  the  fil'd  place,  that  if  cold  be  bu,t  ‘iprvvatwt 
privation,  it  cannot  be  the  object  of  fenfe.  To  clear  this,  I mud  obferve*  in* 
fomething  about  lenfation  in  general.  That,  then,  which  produces  in  the 
mind  thofe  perceptions,  which  we  call  fenfations  of  outward  objedts,  is 
the  local  motion,  cauled  by  means  of  their  adtion,  upon  the  outward 
organs,  in  fome  internal  part  of  the  brain,  to  which  the  nerves  belong- 
ing to  thofe  organs  correfpond  *,  and  the  diverfity  of  lenfations.  may 
be  referr’d  to  the  different  modifications  of  thofe  internal  motions  of 
the  brain,  either  according  to  their  greater  or  lefs  celerity,  or  other 
circumdances  •,  as  we  fee  in  the  variety  of  founds,  fame  whereof  are 
grave,  fome  fharp,  fome  harmonious  and  plealant,  fome  jarring  and 
offenfive  ; yet  all  of  them  proceed  from  the  variations  of  thofe  im- 
pulfes,  which  the  air,  put  into  motion  by  fojnorous  bodies,  gives  to 
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Physics. the  ear.  As  the  air  then  is  differently  affe&ed  by  a very  grave  found, 
and  a very  acute  one ; tho*  the  former  proceed  from  the  want  of  that 
celerity  of  motion  in  its  undulations,  which  is  to  be  found  in  the 
latter  ; whence  it  approaches  the  nature  of  reft  •,  fo  in  the  organ  of 
feeling,  perception  may  be  produced  upon  the  conta<ft  of  a cold  body, 
very  different  from  that  which  is  caufed  by  the  contact  of  a hot 
one  : and  this,  tho*  the  thing  perceived,  and  by  us  called  coldnefs, 
confifts  but  in  a lefs  agitation  of  the  parts  of  a cold  body,  than  of 
thofe  of  the  hot  one,  in  refpe<ft  to  our  organs  of  feeling.  And  fince 
it  is  manifeft,  that  bodies  communicate  their  motion  to  thofe  they 
happen  to  a<ft  upon,  and  iofe  of  their  own  by  fuch  communication 
if  a man  take  a piece  of  ice  in  his  hand,  the  agitation  of  the  par- 
ticles of  the  organ,  will  be  communicated  to  the  corpufcles  of  the 
ice,  which,  upon  that  account,  quickly  begins  to  thaw  ; and  the  con- 
tiguous parts  of  the  hand,  lofing  of  the  motion  acquired  by  the  ice, 
there  needs  nothing  elfe  to  lefien  the  agitation  they  had  before  : and 
no  more  than  this  decreafe  of  agitation  is  required,  to  occaiion  in  the 
mind  fuch  a new  and  different  perception,  as  men  have  tacitly  agreed 
to  call  coldnefs. 

5Tis  farther  obfervable,  that  the  organs  may  be  fo  accuftomed  to 
be  affe&ed  after  a certain  manner  by  thofe  external  obje&s,  whofe 
operation  on  them  is  fo  very  familiar,  that  the  privation,  or  bare  dimi-  • 
nution  of  the  wonted  operation,  leaves  their  parts  in  a different  dif- 

pofition  from  what  they  were  in  formerly  •,  which  change  in  the 

organ  will  be  attended  with  a perception  of  it  in  the  mind.  Thus, 
tho*  darknefs  be  confeftedly  a privation  of  light,  and  the  degrees  of 
it,  gradual  diminutions  of  light  j yet  the  perceptive  faculty,  by  means 
of  the  eye,  may  well  be  faid  to  perceive  both  light  and  darknefs  *,  that 
is,  both  a pofitive  thing,  and  the  privation  of  it.  And  it  is  obvious, 
that  the  motion  of  a fhadow,  or  a gradual  privation  of  light,  is 
plainly,  and  without  difficulty,  difcoverable  by  the  eye.  And  to  fhew, 
that  there  is  on  thefe  occafions  an  apparent  change  made  in  the  organ 

of  vi&on,  we  need  but  defire  a perfon  in  the  day-time,  to  look  towards 

an  enlightned  window,  and  then  towards  an  obfcure  part  of  the  room ; 
fince  when  he  does  the  latter,  for  want  of  fuch  a degree  of  light  as 
before  came  in  at  the  pupil,  that  circle  will  grow  manifeftly  larger. 
Thus,  when  a man  comes  out  of  the  fun-lhine,  (where  the  pupil  contra&s, 
to  fhut  out  an  exceffive  light,  which  would  be  offenfive  to  the  organ,) 
into  a darkned  room  *,  it  will  be  fome  time  before  he  can  clearly  fee 
others  there,  whofe  pupils  have  had  time  to  be  fo  enlarged,  as  to  let 
in  light  enough  to  render  objects  vifible  to  them,  which  are  not  fo 
to  him,  whofe  pupils  are  yet  contradled  by  the  light  they  were  juft 
before  expos’d  to. 

The  next  argument  to  be  confider’d  is  this.  When  we  put  our 
hands  into  cold  running  water,  in  the  winter  feafon,  the  cold  we  per- 
ceive therein  cannot  be  called  a mere  privation  * and  there  is  a great  dif- 
ference 
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Ference  between  feeling  water  cold,  and  the  feeling  of  it  not  hot:  butPH 
fuppofing  the  fame  water  to  be  frozen,  ’twill  doubtlefs  then  feel  v_ 
colder  •,  and  will  any  one  fay,  that  this  is  nothing  but  to  feel  it  lefs  hot  ? 

But  it  was  not  hot  before,  how,  therefore,  could  it  become  lefs  hot  ? 

To  this  we  reply,  that  the  organs  of  fenfe,  confider’d  in  themfelves, 
only  receive  imprefiions  from  outward  obje&s,  but  perceive  not  what 
is  the  caufe  and  manner  of  thofe  impreflions  *,  the  proper  perception 
of  caufes  belonging  to  a fuperior  faculty,  which  judges  whence  the 
alterations  made  in  the  organs  do  proceed.  Thus  the  eye  reprelents 
a drait  dick,  part  of  it  being  under  water,  as  if  it  were  crooked  : and 
two  fingers  laid  crofs  one  another,  reprefent  a fingle  bullet  roll’d 
between  them,  as  if  there  were  two  •,  fo  that  it  is  very  poflible,  tho* 
the  organ  be  manifeftly  and  vehemently  affe&ed  by  the  contaft  of 
cold  water,  yet  the  caufe  of  that  impreflion  may,  by  reafon,  be  judged 
to  differ  from  that  which  the  fenfe  might  to  an  inconfiderate  perlon 
fugged.  We  mud  confider  next,  that  fenfations  may,  in  feveral  cafes, 
be  made,  as  well  from  alterations  happening  in  the  internal  parts  of 
the  body,  as  from  thofe  which  are  manifedly  produced  in  the  exter- 
nal organ,  by  external  obje&s  *,  as  appears  by  hunger,  third,  the 
great  coldnefs  that  hyderical  women  complain  of,  in  their  head  and 
back,  and  the  troublefome  cold  which  we  every  day  obferve,  upon 
the  fird  invafion  of  the  fits  of  agues.  I obferve  then,  that  tho’  in  a 
refpedtive  fenfe,  the  water,  wherein  the  obje&ion  fuppofes  the  hand  to  be 
plunged,  be  cold,  in  regard  its  parts  are  lefs  agitated  than  the  fpirits 
and  blood  in  the  hand ; yet,  in  a philofophical  fenfe,  it  is  not  quiee 
deditute  of  heat,  fince  it  is  yet  water,  not  ice,  and  would  not  be  a 
liquor,  but  by  reafon  of  that  various  agitation  of  its  minute  parts, 
wherein  fluidity  confids.  Upon  account  of  this  relpedtive  coldnefs  of 
the  water,  the  hand  is  cooled  ; for  the  fpirits  and  juices  of  that 
organ  *,  meeting  in  the  water  wi:h  particles  much  lefs  agitated  than 
themfelves,  communicate  to  them  fonv*  part  of  their  own  agitation, 
which  they  thereby  lofe  *,  whence  fuch  a change  is  made  in  the  organ, 
and  in  fome  other  parts  of  the  bcdy,  as  is  perceived  by  the  mind, 
under  the  notion  of  coldnefs  ; being,  in  feed,  an  internal  perception  of 
,the  change  happening  in  the  organ.  And  if  the  water,  wherein  the 
hand  is  plunged,  comes  to  be  more  CGoted  than  before,  the  fpirits, 
blood,  and  other  parts  of  the  hand,  finding  the  aqueous  corpufcles 
more  (lowly  moved  than  formerly,  mud,  according  to  the  laws  of 
motion,  transfer  to  them  a greater  meafure  of  their  own  motion, 
and,  confequently,  come  themfelves  to  be  deprived  of  it  : and  upon  this 
increafe  of  the  fiowefs  of  motion  in  the  parts  of  the  hand,  there 
follows  a new  and  proportionable  perception  of  the  mind,  and  fo  a 
more  vehement  fenfation  of  cold.  If  then  it  be  remembred,  that 
upon  turning  one’s  eye  to  the  dark  part  of  the  room,  lefs  enlightned 
than  the  window,  tho’  darknefs  be  but  a privation,  and  tho’  the  ob- 
fcurity  of  that  part  be  not  abfolute,  but  confids  only  in  a lefs  degree 
Vol.  I.  Z Z Z Z of 
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Physics,  of  light  j yet  the  a&ion  of  the  fpirits,  and  other  parts  of  the  body, 

' r-—'  is  fo  changed,  upon  occafion  of  the  light’s  adting  more  faintly  upon 

the  organ  than  before,  that  the  pupil  is  immediately  and  manifeftly 
dilated  ♦,  it  will  be  no  wonder,  that  where  not  only  the  fpirits,  but  the 
blood,  which  circulates  thro’  the  whole  body,  is  difaffedted,  a great 
alteration  fhould  be  felt  in  the  hand,  immediately  expofed  to  the 
adtion  of  the  cold  water. 

It  might  (till  be  urged,  that  if  cold  be  but  a privation  of  heat,  it 
is  a privation  of  a ftrange  nature  ; fince  it  may  be  introduced  into 
bodies,  which  were  not  hot  before  ; nay,  in  fome  cafes,  into  fuch  as 
are  naturally  cold  ; and,  by  confequence,  muff  have  been  put  into  a 
preternatural  date,  to  be  at  any  time  hot.  But  fince  fluidity  confifts 
in  the  various  agitation  of  the  infenfible  corpufcles  of  a liquor,  and 
jheat  in  a tumultuary,  and  more  vehement  agitation  of  the  infen- 
fible parts  of  a body  •;  whence  hot  water  fcarce  differs  otherwife 
than  gradually,  from  that  which  is  cold  to  the  fenfe  ; if  cold  be  phi- 
lofophically  confider’d,  it  may  well  be  faid,  that  as  long  as  water 
retains  the  form  of  water,  and  fo  continues  a fluid  body,  tho’  it  may 
be  very  cold  to  the  touch,  yet  it  is  not  abfolutely  or  perfedtly  cold  ; 
and,  therefore,  is  capable  of  a farther  degree  of  coldnefs,  which  it 
receives  when  brought  to  congelation  ; for  till  then,  it  was  not  defti- 
tute  of  thofe  adbive  corpufcles,  requifite  to  keep  it  fluid  ; and  till  then, 
it  was  not  abfolutely  or  perfectly  cold.  Nor  is  it  every  glaciation 
itfelf,  which  brings  liquors  to  be  perfectly  cold,  in  the  philofophical 
fenfe  of  the  word,  fo  as  quite  to  expel  or  fubdue  all  the  agile  parti- 
cles which  were  in  the  water,  before  it  was  turn’d  into  ice.  For  to 

effect  this  change,  it  is  fufRcient,  that  fo  many  of  thefe  reftlefs  particles 
be  deftroyed  or  difabled,  that  there  remain  not  enow  of  them  to 
keep  the  water  in  a ftate  of  fluidity  •,  fo  that  the  furplus  may  yet 
continue  in  the  frozen  liquor,  and  whilff:  there,  perform  feveral 

things  5 and  by  their  recefs,  the  ice  may  grow  yet  more  cold.  This 
notion  fuits  very  well  with  the  different  degrees  of  hardnefs  obfervable 
in  different  portions  of  ice,  fometimes  upon  account  of  the  different 
degrees  of  cold  in  the  fame  water  or  other  fubftance.  Thus  having 
put  a fealed  thermometer  into  a glafs,  broader  at  the  top  than  at 
the  bottom,  and  oiled  the  infide,  that  the  ice  might  not  ftrongly 
ftick  to  it,  we  poured  in  water,  more  than  fufflcient  to  cover  the  bait 
of  the  thermometer  *,  then  the  water  being  carefully  frozen,  we  ob- 
ferv’d  where  the  fpirit  refted  ; and  the  inftrument  and  ice  being 
afterwards  removed  into  the  open  air  of  a very  froffy  morning,  the  ice 
was  taken  from  the  ball  ; when  prefently  the  fpirit  fubfided  confide- 

rably  below  the  former  mark  : which  proves,  that  a degree  of  cold, 

lufficient  to  freeze  water,  may  not  render  a body  perfectly  cold ; this 
ice  itfelf  keeping  the  included  ball  warm,  by  fencing  off  the  air,  which 
at  that  time  was  conflderably  colder  than  it.  And  there  is  no  fufff- 
cient  caufe  aflign’d,  why  many  things,  reckoned  among  privations,  or 
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negations,  by  the  Peripatetics , as  cold  is  by  the  Rpicureansy  may  not  Ph 
admit  of  degrees  no  lefs  than  deafnefs,  ignorance,  ISc.  Thus  in  a ' 

total  eclipfe  of  the  moon,  when  the  earth,  interpofing  between  the 
fun  and  her,  has  firft  obfcured  her  only  in  part,  we  generally  com- 
plain of  darknefs  in  the  air  ; but  when  the  interpofed  earth  proceeds 
to  cover  the  remaining  parts,  and  fo  makes  the  eclipfe  total,  the  dark- 
nefs  alfo  is  faid  to  be  much  increafed. 

But  if  it  be  farther  demanded,  how  a privation,  or  diminution  of 
motion,  can  produce  the  effedts  we  daily  fee  produced  by  cold  in  the 
bodies  about  us ; I do  not  pretend,  that  either  an  abfolute  privation 
of  motion  in  a body,  or  a flownefs  of  motion  in  the  parts  of  it,  is 
the  proper  efficient  caufe  of  the  effedts,  vulgarly  afcribed  to  cold 
alone  : for  cold  is  rather  the  occafion,  than  the  true  efficient  of  fuch 
effedts,  which  are  properly  afcribed  to  thofe  phyfical  agents,  whofe 
operations  happen  to  be  otherwife  modified,  than  elfe  they  would 
have  been,  upon  account  of  that  diminution,  or  flacknefs  of  agitation, 
which  they  meet  with  in  cold  bodies;  whence  they  are  both  them- 
felves  deprived  of  the  agitation  they  communicate  to  fuch  flow  bodies, 
and  thereby  adt  no  longer  as  they  would,  were  it  not  for  that  lofs  : 
and  by  a natural  confequence  of  this  change,  which  is  made  in  them- 
felves,  they  alfo  modify  the  adtion  of  other  bodies  upon  them : from 
which  unufual  alterations,  happening  in  a world  fo  framed  as  this  of 
ours,  and  governed  by  fuch  laws,  with  regard  to  motion  and  reft,  as 
are  obferved  amongft  bodies  *,  there  muft,  in  all  probability,  refult 
many  new,  and  fome  of  them  confiderable  phenomena.  For  tho’  bodies 
at  reft  feem  to  have  no  adtion,  which  among  corporeal  fubftances 
appears  to  be  performed  only  by  local  motion ; yet  bodies  at  reft  them- 
felves,  may  concur  to  great  effedts,  both  by  determining  the  motions 
of  other  bodies,  or  by  receiving  their  motion  totally,  or  in  part,  and 
fo  depriving  the  moving  bodies  of  it.  Thus  the  arches  of  abridge, 
tho’  immoveable  themfelves,  may,  by  guiding  the  water  of  the  river 
which  beats  againft  them,  occafion  a rapid  and  boifterous  ftream,  able 
to  drive  the  greateft  mills,  and  perform  more  confiderable  effedts,  tho5 
the  river,  before  it  met  wTith  fuch  obftacles,  ran  calmly.  And  tho5 
water  has  its  parts  in  perpetual  motion  among  themfelves,  yet  fince 
that  agitation  is  exceeding  flow,  in  comparifon  of  the  fwiftnefs  of  a 
cannon-bullet  *,  fuch  a bullet  difcharged  but  little  above  the  level  of 
water,  often  rebounds  from  the  furface  of  it  *,  and,  confequently,  from 
thence  receives  a new  determination.  Thus,  farther,  fuppofe  upon  a 
ftream  there  were  built  many  different  mills,  and  the  current  was  by 
fome  contrivance  diverted  another  way  ; muft  not  the  adtion  of  all 
thefe  mills  neceffarily  ceafe  too,  tho*  this  change  be  not  produced  by  any 
pofitive  and  diredt  violence  offer’d  to  the  mills,  but  only  by  preventing 
the  impulfe,  requifite  to  keep  them  in  motion  ? In  paralytic  affedlions, 
where  a vifcous  humour  obftrudts  a nerve,  tho’  its  proper  and  immediate 
adtion  be  only  to  hinder  or  weaken  the  fpirits,  which  pafs’d  freely 
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along  that  nerve  to  the  mufcle,  whereto  it  leads  ; yet  the  adion  of 
the  other  parts  of  the  body,  and  the  relaxation  of  the  fibres,  often 
produce  a tremulous  motion  in  the  limbs,  and  diftortion  of  feveral 
parts.  But  it  comes  up  much  nearer  to  our  purpofe,  that  animals 
dye  in  the  exhaufted  receiver,  merely  by  a privation  of  air,  in  a very 
few  minu  .es,  without  the  intervention  of  any  pofitive  agent.  To  fum 
up  the  refult  of  thefe  inftances,  it  appears,  that  the  effeds  undeferv- 
edlv  afcribed  to  cold,  need  not  to  be  referred  to  a privation,  but  to 
thefe  pofitive  agents,  or  active  caufes,  which  by  their  own  nature  are 
de  e 'mined  to  aft  otherwife  on,  or  fuffer  otherwife  from  one  another, 
in  cafes  where  there  is  a great  hinderance,  or  ceffation  of  the  ufual 
motion,  than  where  there  is  not. 

5Tis  farther  argued  againft  us,  that  fuppofing  the  hand  plunged  firft 
into  hot  water,  and  then  into  coid,  why  is  it  not  cooled  as  well  in  one 
cafe,  as  in  the  other  ? Is  it  becaufe  the  heat  of  the  hand  fhrinks  in- 
ward in  the  cold  water,  and  therefore  the  hand  is  left  lefs  hot  P But 
what  has  heat  to  fear  in  the  coid  water,  unlefs  it  be  cold  ? Now  if 
cold  be  only  a privation,  what  can  it  do  to  heat  P A privation  is  no- 
thing, and  therefore  cannot  affed  its  motion.  This  objedion,  indeed, 
might  puzzle  fome  fchool-philofophers,  but  may  be  thus  anfwer’d. 
When  a man  puts  his  hand  into  warm  water,  the  agitation  of  the 
corpufcles  of  the  liquor  furpaiTing  that  of  the  fpirits,  blood,  and 
other  parts  of  his  hand,  cannot  but  excite  in  him  a fenfe  of  heat  ; 
but  when  he  puts  the  fame  hand  into  cold  water,  the  cafe  ought  to 
be  much  altered,  not  from  any  imaginary  retreat  of  the  fpirits,  but  the 
communication  of  motion  by  other  parts  to  the  furrounding  water,  by 
which  means  there  muft  happen  in  the  hand  a great  deer eafe  of  the 
former  agitation  of  its  parts  ; the  perception  or  fenfe  of  which  decreafe 
of  motion  is  that  which  we  call  feeling  of  cold. 

There  is  another  argument,  drawn  from  the  way  of  artificially 
freezing  water,  by  a mixture  of  fnow  and  fait,  placed  about  the 
outfide  of  the  glafs,  containing  the  liquor  *,  whence  5tis-  concluded, 
that,  fince  this  mixture  is  thro*  the  glafs  able  to  freeze  the  water 
into  ice,  it  may  as  juftly  be  affirmed  to  ad  by  corpufcles  of  cold,  as 
fire  can  be  faid  to  ad  by  calorific  corpufcles,  when  kindled  coals, 
placed  on  the  outfide  of  the  glafs,  make  the  contained  liquor  boil. 
This,  indeed,  feems  very  plaufable,  but  not  clear  and  cogent ; for  it  is 
not  fo  evident,  that  ice  and  fait  ad  by  a pofitive  quality,  as  that 
burning  coals  do  fo  •,  tho’  cold  feems  as  well  to  be  produced  by  the 
former,  as  heat  by  the  latter.  Innumerable  experiments  fhew,  that 
heat  is  a pofitive  quality,  confifting  in  a tumultuary  and  ve- 
hement agitation  of  the  minute  parts  of  the  body,  faid  to  be  hot, 
and  producing  alfo  in  the  bodies,  whereto  it  is  communicated, 
a local  motion,  which  is  manifeftly  a pofitive  thing  ; and  by  the 
confeffion  of  nature  herfelf,  in  many  inftances,  heat  is  a pofitive 
quality  : but  that  cold  is  fo3  doth  not  appear  even  by  artificial 
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congelation.  For  all  that  is  clear  in  the  matter  of  fad,  is,  that  fnow,  P 
or  beaten  ice,  and  fait,  are  put  about  a veffel  full  of  water,  and  that 
foon  after,  this  water  begins  to  turn  into  ice  ; but  that  this  glacia- 
tion is  performed  by  fwarms  of  atoms  of  cold,  which  permeating  the 
glafs,  invade  and  harden  the  liquor,  is  not  perceived  by  fenfe,  but 
concluded  from  reafon.  So  that  if  another  intelligible  way  can 
be  propofed,  fairly  to  explain  the  phenomenon,  befides  that,  the  ob- 
jection drawn  from  this  experiment  againft  my  hypothefis,  will  be  in- 
valid. And  luch  an  explanation  M.  Des-Cartes  affords  us  : the  fubtile 
matter,  fays  he,  which  furrounds  this  water,  being  more  grofs,  and 
conlequently  more  forcible  than  that  which  ftuck  about  the  parts 
of  the  fnow,  poffeffes  its  place,  whilft  the  parts  of  the  fnow  roll  about 
the  parts  of  the  fait  in  the  aCt  of  diffolution  ; for  it  moves  more  ea- 
fily  thro’  the  pores  of  fait  water  than  of  frefh,  conftantly  endeavour- 
ing to  pals  from  one  body  to  another,  in  order  to  come  where  its 
motion  may  be  the  leaft  refilled  i whence  the  more  fubtile  matter 
goes  from  the  fnow  into  the  water,  to  fucceed  that  which  went  out 
there  i and  being  unable  to  continue  the  agitation  of  water,  fuf- 
fers  it  to  congeal.  And  this  bears  analogy  to  the  practice  of  drying 
precipitates  upon  brown  paper,  or  pieces  of  brick,  or  chalk  j which 
haften  the  exficcation  of  the  things  laid  upon  them,  not  by  any 
drying  particles  they  emit  into  the  foft  fubftances,  but  by  imbibing 
the  fuperfluous  parts  of  the  liquor  of  the  fubftances  to  be  dried. 
Thus  I have  immerfed  a piece  of  foft  bread  into  an  a&ually  cold  li^ 
quor,  that  would  haftily  imbibe  its  aqueous  corpufcles,  and  dry  it,  in 
a minute  or  two,  fo  as  to  make  it  feel  hard.  And  by  putting  into 
w'eak  fpirit  of  wine  a ftifRcient  quantity  of  fait  of  tartar,  the  fpirit 
will  be  dephlegmed  without  diftillation,  or  fo  much  as  heat  ; which 
the  better  illuftrates  the  Cartefian  explanation  y becaufe,  by  the 
change  made  of  the  greater  part  of  the  fait  of  tartar  into  a liquor, 
which  will  not  mix  with  the  fpirit  of  wine  thus  rectified,  it  is 
manifeft,  chat  the  aqueous  particles  of  the  weak  fpirit,  more  readily 
continuing  their  motion  among  the  fixed  corpufcles  of  the  fait, 
than  the  vinous  ones  of  the  fpirit,  they  pafs  into  the  alkali,  and 
diffolve  it  •,  and  thereby  defert  the  liquor,  thro*  which  they  were  be- 
fore diffufed.  And  there  is  another  faline  body,  which  fo  unites  with 
water,  as  not  to  be,  by  the  eye,,  diftinguifhed  from  it,  yet  it  is  of 
fuch  a texture,  that  water  will  forfake  this  body  it  kept  in  agitation, 
to  pafs  into  fpirit  of  wine,  and  fo  leave  that,  which  it  kept  in  the 
form  of  a liquor  before,  to  appear  in  the  form  of  a confident  body  y 
which  comes  nearer  the  propofed  experiment  of  glaciation.  But  this 
is  yet  farther  illuftrated  by  the  fufion  of  camphire  into  a liquid,  with 
the  fleam  only  of  Aqua  fortis , or  fpirit  of  nitre,  and  the  recovery  of 
its  confidence,  by  pouring  common  water  to  it ; for  that  thefe  fpirits 
are  not  fenfibly  warm  (no  more  than  the  Cartefian  materia  cceleftis)  irv 

water*. 
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Physics,  water,  is  manifed  to  the  touch.  And  tho*  I at  fird  fufpeCted,  that 
the  reafon  why  pouring  this  oil  into  water,  prefently  reduces  it  to 
camphire  again,  might  be  the  coldnefs  of  the  water  •,  I afterwards  found 
✓ it  rather  owing  to  the  nitrous  fpirits  being  difpofed  to  pafs  out  of 

the  oil  into  the  water,  whild  the  liquor  readily  imbibed  and  diluted 
them,  and  confequently  difabled  fo  many  of  them,  that  thofe  which 
remained,  could  not  any  longer  perform  their  office  *,  fince  the  reducti- 
on of  the  oil  into  camphire  would  prefently  be  made,  tho*  that  li- 
quor were  not  poured  into  cold  water  but  hot : fo  that  the  agitation, 
which  it  received  from  the  particles  of  the  mendruum,  tho’  not  to 
the  touch  fenfibly  warm,  was  much  more  efficacious,  than  that  it  re- 
ceived from  the  heat  of  the  water.  There  may  alfo  be  corpufcles  of 
fuch  a nature,  in  their  fize,  fhape,  and  other  attributes,  as  to  be  fit  to 
enter  the  pores,  and  pierce  even  into  the  inward  parts  of  water,  and 
fome  other  bodies,  fo  as  to  expel  the  calorific  corpufcles  they  chance 
to  meet  with,  or  to  clog,  or  hinder  their  activity,  or,  on  fome  other 
account,  confiderably  leffen  that  agitation  of  the  minute  parts,  by 
which  the  fluidity  of  liquors,  and  the  warmth  of  other  bodies  is  main- 
tained. But,  even  in  fuch  cafes,  tho*  the  agent  and  the  actions,  which 
produce  coldnefs,  are  pofltive  things  ; yet  the  nature  of  coldnefs  itfelf 
may  confid  in  a privation.  Thus,  when  a man  is  killed  by  a bullet, 
his  death  is  effected  by  a pofltive,  and  even  impetuous  aCtion  ; yet 
death  itfelf  is  but  a privation  of  life.  If  alfo  in  a dark  room,  a man 
caflr  cold  water  upon  a burning  coal ; tho*  the  water  aCts  by  its  pofl- 
tive quality  of  moifture,  and,  by  virtue  of  that,  extinguifhes  the  fire, 
and  fo  deftroys  the  light  ; yet  the  darknefs,  confequent  upon  this  aCti- 
on, is  not  a pofltive  thing,  but  a privation. 

The  laft  argument  that  remains  to  be  conflder’d  is  this.  Tho’  many 
things  feem  to  grow  cold  upon  the  bare  abfence  of  heat,  yet  unlefs  an  ex- 
ternal cold  be  introduced  into  them,  they  do  not  fo  properly  grow  cold, 
as  lofe  a degree  of  heat.  Thus  a ftone,  or  a piece  of  wood,  which  we 
fuppofe  neither  cold  nor  hot,  will  become  hot  when  applied  to  the  fire ; 
but  when  that  heat  ceafes,  and  nothing  cold  is  near  them,  we  may  pro- 
perly fay  they  are  become  lefs  hot,  and  return  to  their  own  date, 
not  that  they  grow  cold.  But  this  feems  to  be  a difpute  about 
words.  If  we  fpeak  only  of  a coldnefs  as  to  fenfe,  I fee  not  why  any 
body,  that  is  heated  by  the  fire,  may  not  upon  its  removal  thence 
be  faid  to  grow  cold,  and  not  barely  to  lofe  its  heat.  For  the  fenfi- 
ble  coldnefs  of  water,  confiding  in  a diminution  of  the  motion  of  its 
corpufcles,  that  ceafe  to  be  as  much  agitated,  as  thofe  of  our  or- 
gans of  feeling  *,  if  this  impaired  agitation  be  dill  more  lefiened,  the 
liquor  will  dill  grow  colder,  without  the  help  of  any  pofltive  caufe, 
till  at  length  the  agile  parts,  which  kept  it  fluid,  being  quite  expelled 
or  difabled,  the  form  of  the  liquor  comes  to  be  exchanged  for  that 
of  ice.  To  that  part  of  the  argument,  which  propofes  an  indiffer- 
ent 


Expriments  and  Obfervations  upon  Cold.  727 

cnt  body,  that,  when  affeCted  with  an  adventitious  heat,  would  not  Physics. 

grow  cold  by  the  bare,  removal,  or  ceflfation  of  that  heat,  unlefs  it  * 

were  cold  by  an  agent,  pofitively  and  actively  cold  ; we  reply,  that 
it  is  one  thing  to  propofe  fuch  a neutral  body,  as  a pofTible  thing ; 
and  another  to  give  inftances  of  it,  in  particular  bodies,  wherein  that 
neutrality  is  not  to  be  found.  But  if  a body  fhould  be  propofed  as 
adiaphorous  with  regard  to  heat  and  cold,  I might  fay,  that  if  fuch 
an  one  fhould  be  carried  into  a hot  place,  it  might  there  grow  warm  ; 
and  if  removed  back  again,  and  kept  till  it  loft  that  new  adventitious 
heat,  it  might  rather  be  faid  to  lofe  its  heat,  than  grow  cold,  as  to 
fenfe.  The  reafon  is,  becaufe  every  diminution  of  heat,  cannot  de- 
nominate a body  cold,  but  only  fuch  a degree  as  reduces  the  parts 
of  it  to  a fainter  motion,  than  is  at  that  time  in  thofe  of  our  organs 
of  feeling  ; and  till  this  is  done,  the  body  propofed  is  ftill  in  a 
ftate  of  heat,  as  to  fenfe ; tho’  in  regard  of  other  bodies,  it  may 
then  be  naturally  cold.  Thus  lead,  which  hath  but  heat  enough  to 
keep  it  in  fufion,  may,  by  the  pouring  on  of  fuch  water,  as  to  a man’s 
hand  would  feel  hot,  be  brought  to  grow  hard  ; which  lofs  of  fluidity 
is  alfo  the  natural  effect  of  cold,  tho’  perhaps  both  the  metal  and 
the  liquor  be  yet,  as  to  fenfe,  conflderably  hot.  So  that  this  contro- 
verfy  feems  to  be  rather  verbal  than  real,  and  may  be  determined 
by  fettling  the  diftinCt  acceptation  of  the  words  cold  and  heat. 

But  notwithftanding  thefe  anfwers  to  the  arguments,  all  of  them 
alledged  by  the  learned  Gajjendus , many  difficulties  remain  with  me, 
particularly  as  to  the  production  of  cold,  by  corpufcles  of  cold.  I 
fhou’d  be  gladly  fatisfied  whether,  and  on  what  account,  thofe  lit- 
tle fragments  of  matter  are  cold  ? Whether  thofe  frigorific  particles, 
which  muft  in  multitudes  crowd  into  water,  to  turn  it  into  ice,  have 
gravity  or  levity,  or  are  indifferent  to  both  ? What  ftruCture  the  cor- 
pufcles of  cold  are  of,  to  make  them  frigorific  to  that  innumerable  va- 
riety of  bodies,  they  are  faid  to  pervade  ? Whether  the  frigorific  fa- 
culty of  thefe  corpufcles  may  be  loft  or  not  ? Whether  they  are 
primitive  bodies  * and  if  not,  whether  there  was  no  cold  in  the 
world,  before  they  were  produced  ; and  whence  that  cold  could  pro- 
ceed ? And  laftly,  if  they  are  faid  to  be  primitive  bodies,  how  it  comes 
to  pafs,  that  by  putting  a certain  factitious  body  actually  warm,  into 
water,  which  was  alfo  warm,  there  fhould  prefently  enfue  an  aCtual 
coldnefs  ? 

But  there  are  two  grand  problems  relating  to  this  fubjeCt,  which  I 
require  to  be  folved.  The  firft  is,  how,  upon  the  mixture  of  two  or 
three  bodies,  there  fhould  manifeftly  enfue  a great  and  tumultuary  agi- 
tation of  fmall  parts,  yet  even  during  this  conflict,  not  any  fenfible 
heat,  but  a confiderable  degree  of  cold  be  produced,  and  that  even  in 
the  internal  parts  of  the  mixture  l This  might  tempt  one  to  afk,  whe- 
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Physics,  ther  local  motion  is,  in  its  own  nature,  a generical  thing,  which  may 


be  fo  diverfified  by  circumflances,  that  one  kind  of  modification  of  it, 
as  it  is  made  in  corpufcles  of  feveral  fizes  and  fhapes,  may  be  the 
caufe  of  heat,  and  another  that  of  cold.  What  gives  rife  to  this  pro- 
blem is,  the  following  experiment.  We  took  two  or  three  faline  bo- 
dies, each  of  them  purified  by  the  fire,  and  mixing  them  together  in 
a due  proportion,  they  produced  what  to  the  eye  appear’d  a great  ef- 
fervefcence  *,  but  tho’  the  hiding  noife  v/ere  laid,  and  the  numerous  bub- 
bles fuddenly  generated  made  the  matter  apt  to  over -flow  the  glafs, 
if  fmall,  or  the  ingredients  haflily  put  in  j yet  even  whilfl  this  ebul- 
lition lafted,  the  containing  glafs  felt  extremely  cold  *,  fo  that  even  in 
winter,  the  outfide  of  it  wou’d  be  quickly  cover’d  with  large  drops 
of  dew,  gain’d  from  the  external  air,  which  afterwards  uniting,  tric- 
kled down  by  their  own  weight  : and  by  gradually  throwing  more  of 
the  ingredients  upon  each  other,  we  cou’d  prolong  the  experiment  at 
pleafure,  and  that  at  various  feafons  of  the  year.  And  once  taking 
two  deep  glafies,  I put  a quantity  of  fair  water,  of  the  fame  temper 
with  the  ingredients,  in  the  one,  and  fome  of  our  faline  mixture  into 
the  other  ; and  letting  down  a thermometer  into  the  water,  to  acquire 
the  temper  thereof,  I raifed  it  up  by  its  firing,  and  placed  it  in  the  mix- 
ture that  was  then  hiding,  and  filling  its  containing  veflfel  with  bub- 
bles, upon  which  the  tinged  fpirit  fubfided  from  four  inches  4,  to 
i i inch.  Then  removing  the  thermometer  into  the  common  water 
again,  the  fpirit  foon  mounted  to  above  4I  inches.  And  this  I twice 
repeated  with  the  like  fuccefs.  So  that  the  coldnefs  of  this  mixture, 
was  far  from  being  a deception  of  the  fenfe.  And  to  fhew  how  much 
this  Arrange  coldnefs  depends  upon  the  peculiar  texture  of  the  mix- 
ture, or  of  its  component  particles,  I took  the  remaining  part  of  the 
acid  liquor  that  went  to  compofe  the  mixture,  and  put  thereto  a con- 
venient quantity  of  fair  water  of  the  fame  temper  ; but  they  fcarce, 
upon  this,  fenfibly  differ’d  in  coldnefs,  when  examin’d  by  a good  feal- 
ed  thermometer.  Some  of  the  pure  fait,  alfo,  ufed  in  the  mixture, 
being  added  to  water  in  the  like  manner,  gave  no  manifefl  figns  of 
an  encreafed  coldnefs  ; no  more  than  the  glafs  wherein  I ufually  kept 
a large  quantity  of  our  fait  : whence  the  coldnefs  of  the  mixture  can- 
not be  attributed  to  either  of  the  ingredients  apart,  but  is  a quality 
arifing  from  their  union.  And  when  I had  left  fome  of  this  mixture 
for  a night,  in  the  fame  room  with  a glafs  of  fair  water,  and  a good 
fealed  weather-glafs  ; I cou’d  not  in  the  following  morning,  when  the 
tumult  of  the  contrary  falts  of  the  mixture  was  ceafed,  perceive  any 
confiderable  difference  betwixt  the  coldnefs  of  that,  and  of  the  water. 
And  having,  inflead  of  the  fait  I hitherto  employ’d,  mix’d  fome  of 
the  very  ftrong  fpirit  of  this  fait,  and  which  ufed  to  come  over  there- 
with in  diftillation,  with  a fpirit  drawn  for  the  purpofe,  which  feem’d 
exa&ly  like  the  other  I had  alfo  hitherto  ufed,  being  made  wholly 
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in  the  fame  manner,  the  mixture  of  thefe  two,  inflead  of  growing  hof,  Physics. 
became  warm,  and  fuddenly  impell’d  the  fpirit  in  the  thermometer,  — v—- - 

from  three  inches  to  above  eight.  And  the  like  contingency  I have 
at  other  times  found  in  making  the  experiment.  On  the  other  hand, 
the  ingredients  ufed  herein,  wou’d  produce  a manifeft  coldnefs,  the’ 
the  fait  were  firft  well  warmed  by  the  fire.  The  way  of  preparing 
thefe  liquors  and  falts,  I am  obliged  to  conceal  ; but  to  fhew  the 
fame  phenomena  in  a lefs  degree,  I put  to  very  good  fait  of  tartar, 
a convenient  quantity  of  the  fpirit  of  vinegar,  tho’  I am  not  fure  that 
this  will  always  fucceed. 

My  fecond  problem  is  this.  From  whence  proceeds  the  vaft  force 
of  freezing  water  ? For,  refilling  bodies  being  to  be  broke  by  a 
violent  local  motion,  and  cold  either  confining  in,  or  at  leaft  being 
accompanied  with  a privation,  or  a great  diminution  of  motion  *, 
it  feems  very  difficult  to  conceive,  how  it  ffiould  make  water  ex- 
ert fo  wonderful  a force.  Gajjendus  indeed  teaches,  that  glaciation 
is  perform’d  by  the  entring  of  fwarms  of  corpufcles  of  cold  into 
the  liquor  j but  I much  doubt  this  folution  : fince  thefe  atoms  of 
cold  feem  not  to  make  that  expanfion  of  the  water  required  •,  for 
though  water  will  be  more  refrigerated,  as  the  air  grows  colder, 
yet  till  it  be  brought  to  an  aftual  glaciation,  all  the  fwarms  of  the 
frigorific  atoms  in  it,  are  fo  far  from  expanding  it,  that  they  more 
and  more  condenfe  it.  And  even  that  degree  of  cold,  which  dellroys 
fluidity,  tho’  it  expands  water,  does  not  do  it  merely  by  the  multi- 
tude of  the  frigorific  corpufcles,  which  invade  the  pores  of  the  fluid 
body;  fince  pure  fpirit  of  wine,  and  almofl  all  chymical  oils,  tho’  ex- 
pofed  to  the  fame  degree  of  cold,  that  turns  water  into  ice ; and,  as 
I have  tried*  to  a far  greater  degree,  than  is  necefiary  for  that  pur-* 
pofe  ; will  be  the  more  condenfed  by  thofe  fwarms  of  particles.  But, 
what  is  more  confiderable,  I have  carefully  obferved,  that,  befides 
common  or  exprefs’d  oils,  chymical  oil  of  anifeeds  itfelf,  being  fro- 
zen by  an  intenfe  degree  of  cold,  will  not  be  expanded,  but  greatly 
condenfed,  and  accordingly  grow  fpecifically  heavier  than  before.  But 
no  liquor  befides  water  will  fwell  with  cold  ; nor  will  water  itfelf  do  fo 
upon  every  degree  of  cold,  but  only  upon  fo  great  a one,  as  actually 
turns  ic  into  ice  : and  upon  the  freezing  of  water,  we  may  obferve  in 
the  ice  many  bubbles,  fuppofed  to  be  aerial,  intercepted  between  the 
folid  parts  : which  fuppofition,  if  true,  would  perhaps  raife  a fufpi- 
cion,  that  the  air  contained  in  thefe  bubbles  might  have  an  intereft 
in  the  phenomenon  ; fince  I have  found  by  trials,  purpofely  made,  that 
air  gather’d  into  vifible  portions,  may  exercife  a confiderable  elaili- 
city,  that  appeared  not,  whilfl  it  was  invifibly  difperfed  in  the  wa- 
ter. To  demonftrate,  that  freezing  water  has  adlually  an  expan  five 
force,  we  fhall  here  add  an  experiment  of  the  fame  nature,  with  fome 
formerly  mention’d  to  the  like  purpofe  ; and  more  fully  repeat  two  or 
three  others,  which  were  made  to  meafure  this  force. 
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Physics.  And  firft,  I caufed  the  barrel  of  a fhort  gun  to  have  a fcrew  fitted  to 
the  mouth  of  it,  by  which  we  might  eafily  flop  it,  as  we  did  the  touch- 
To?  expanjlve ^ }10}e  after  another  manner;  then  tilling  the  barrel  with  common  water-* 
ingJJeTde-  an(^  txadlly  clofing  it  with  the  help  of  the  fcrew,  we  laid  it  in  a convenr 
monjlratedy  ent  veflel,  where  *twas  encompaffed  with  a frigorific  mixture  of  fnow 
and  ejtimatsd.  0r  ice,  and  fait ; and  in  a fhort  time  we  found  the  barrel  burfl  ; part 
of  the  ice  appearing  along  the  gaping  crack,  made  in  the  body  of 
the  iron  by  the  freezing  water.  But  to  meafure  this  expanfive  force, 

2.  We  took  a flrong  cylinder  of  brafs,  its  cavity  two  inches  in  dia- 
meter ; into  this  was  put  a bladder  of  a convenient  fize,  containing  a 
quantity  of  water,  fo  that  the  neck  of  it  being  flrongly  tied,  the  wa- 
ter might  not  get  out  into  the  cavity  of  the  cylinder,  nor  be  able  to 
expand  otherwife  than  upwards.  Into  this  cylinder  we  fitted  a wooden' 
plug,  turned  on  purpofe,  which  was  fomewhat  lefs  in  diameter  than 
the  cylindrical  cavity,  that  it  might  rife  and  fall  eafily  in  it.  Upon 
the  upper  part  of  this  plug  was  laid  a conveniently-fhaped  flat  body, 
whereon  were  placed  fevfcral  weights  to  deprefs,  and  hinder  its  ri- 
ling by  the  expanfion ; then  a frigorific  mixture  being  applied  to  the 
cylinder,  it  appeared,  within  about  half  an  hour’s  time,  (by  a circle, 
which  had  been  purpofely  traced  on  the  fide  of  the  plug,  where  it 
was  almoft  contiguous  to  the  orifice  of  the  cylinder,)  that  the  water 
in  the  bladder  began  to  expand  itfelf ; and  in  two  hours  after,  the 
circle  appeared  to  have  been  raifed  near  half  an  inch,  notwithfland- 
ing  one  hundred  and  fifteen  pound  weight,  that  endeavoured  to  hin- 
der the  afcent. 

3.  At  another  time  ufing  the  like  apparatus,  the  cylinder  be- 
ing  3x3-  inches  in  diameter,  and  in  depth  four  inches,  we  took  out 
the  bladder,  and  found  the  cylinder  of  water  within  it  not  wholly 
frozen,  fome  liquid  parts  appearing  about  the  centre ; which  liquor, 
if  we  had  not  too  foon  defifted  from  the  experiment,  might  pro- 
bably have  raifed  the  weights  fomewhat  higher.  The  ice  here  be- 
ing in  length  but  three  inches,  and  i ; yet  fo  fmall  a quantity  fuf- 
ficed  to  raife,  befides  the  board  whereon  it  refled,  an  hundred  pound 
weight  Averdupoize. 

4.  We  repeated  this  experiment,  and  now  the  plug  raifed  two  hun- 
dred and  fifty  four  pound  weight. 
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